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 Needless to say, I am immensely gratifi ed to be asked to write the foreword 
to this volume, which exemplifi es the multiple, burgeoning approaches to the 
understanding of panic. 

 Your editors’ historical approach refers to ancient descriptions of the panic 
attack and the various attempts to develop an understanding of anxiety related 
conditions. They state that, “In 1954, Mayer-Gross associated anxiety disor-
ders to hereditary, organic and psychological factors, dividing them in simple 
anxious states and phobic anxious states. In 1959, Donald Klein observed 
that patients with these disorders responded favorably to imipramine, a tricy-
clic antidepressant.” 

 Naturally, the protagonist of this event has a more detailed and compli-
cated recollection. Our concern in the late 1950s was to understand the effects 
of this new agent, imipramine. European studies stated it to be an antidepres-
sant, so our expectation was that it would be a super cocaine and blow the 
patients out of their rut. At Hillside Hospital, a psychoanalytic hospital, the 
premium treatment was psychoanalytic psychotherapy without medication. 
The average length of stay was 10 months. After the failure of therapy, the 
patient was voluntarily referred to the Department of Experimental Psychiatry 
where the senior scientist was Max Fink MD and I was a very junior associ-
ate. Max and I were confi rmed anti-diagnosticians since all the excellent 
studies of the 1950s indicated gross diagnostic unreliability. Psychoses could 
be barely discriminated from neuroses and that was about it. Therefore, it 
seemed foolish to attempt to fi t medications to diagnoses. 

 So our fi rst effort was a pilot trial trying to treat the entire range of patients 
that had not responded to treatment with psychoanalytic psychotherapy, 
chlorpromazine or imipramine. Our results led to a tentative classifi cation 
based upon response to medication [1, 2]. We noted that several patients, 
plagued by anxiety attacks, had not responded to chlorpromazine, considered 
the most potent anti-anxiety agent, but had responded during treatment with 
imipramine. We were not sure if these patients might have been depressed. 
We looked therefore for nondepressed patients with manifest anxiety to see if 
imipramine had specifi c anti-anxiety effects, independent of their effects on 
depression. 

 The fi rst patient that met our criteria was incessantly complaining of his 
fears of being alone, traveling, and dying. He demanded that he be accompa-
nied at all times. His hospitalization was initiated by his family. They were no 
longer able to put up with his demands for constant reassurance and having a 
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companion at all times. Yet, he was not depressed. He was radically pessimis-
tic about his fate but also had a lively interest in his circumstances, took 
pleasure in gossip, spoke well, ate well, slept well, and laughed at jokes. 

 He was placed on imipramine 75 mg daily to be weekly increased by 
75 mg. He remained in psychotherapy. I examined him before the clinical 
open trial. The patient stated that by being placed on medication the doctors 
had given up on him. I also weekly interviewed the therapist, the supervisor, 
and the ward staff. The fi rst 2 weeks were negative. The patient bitterly stated 
the medication had done him no good, and his therapist, supervisor, and ward 
staff agreed. His therapist indicated that he saw signs of loose associations 
and was sure the patient was actually psychotic. Perhaps pseudo-neurotic 
schizophrenia, a recently fashionable diagnosis applied to seemingly neurotic 
patients who did not respond to therapy. The supervisor felt that the therapist 
had not gone deep enough but did not elaborate. 

 After the third week of treatment, the patient, therapist, and supervisor 
remained in pessimistic agreement. Nothing was happening. 

 Most of the ward staff persisted in negative evaluation, but one nurse 
claimed that he was better, pointing out that for the past 10 months the patient 
had run to nursing station 3–4 times a day, saying that he was dying and had 
not done that for the past week. Previously, they had held his hand, told him 
for the thousandth time that his heart was fi ne and that it was just his terrible 
anxiety. After 20 min, he left quite dissatisfi ed to reappear 6 h later and go 
through the same routine. Other nurses said this was unimportant since when-
ever you talked to the patient, it was the same litany of complaints. 

 Discussing this with the patient, I mentioned that he seemed to be better. 
 “Who told you that?,” he snarled. “A nurse” I stuttered. “What do they 

know?,” he dismissed. When I asked him about not running to the nursing 
station, he seemed puzzled, and quickly affi rmed that he was anxious as ever. 
Pressed about the change in his behavior, he fi nally noted, “I guess I learned 
that they can’t do anything for me.” I questioned, “You mean after 10 months 
you learned just this week?” 

 “Well, you have to learn sometime,” he replied, thus anticipating the 
development of cognitive behavioral therapy. 

 It became clear that the run to the nursing station was precipitated by an 
attack. What confused me was that the overwhelming crescendo of the attack 
was considered the worst anxiety but imipramine took the top off, while leav-
ing marked anxiety behind. It seemed reasonable that a medication would be 
most effective at the moderate level of illness rather than the worst form. It 
was at that time I realized that anxiety was heterogeneous and that the anxiety 
attack should be called something else, to distinguish it from ordinary chronic 
anxiety, itself considered an inappropriate manifestation of fear. Notably, the 
chronic anxiety persisted. This led to my renaming the attack as a panic 
attack. It also seemed, by reviewing detailed histories, that the phobic mani-
festations only occurred after the onset of repeated panic attacks. The phobias 
of these hospitalized patients were limited to situations where, if they had a 
panic attack, they couldn’t get to help. This was not due to conditioning since 
these patients often refused to fl y, although they never had a panic attack on 
an airplane. It was the possibility that paralyzed them. They were not afraid 
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of dogs, or thunder, or heights. Also, it became apparent that the time between 
repeated panic attacks and phobic manifestations was very variable. Some 
patients withstood the attacks for many months while others folded up imme-
diately and became housebound. 

 In general with repeated attacks, chronic anticipatory anxiety developed 
about when the next panic attack would happen. This led to severe travel limi-
tations by ensuring that help was always easily available. It could be radically 
diminished by a companion. The propensity for chronic high levels of antici-
patory anxiety, unleashed by the panic, seemed an independent component of 
the phobic development. A fi nal confusing note was the frequent history of 
separation anxiety disorder that became manifest when school was required, 
leading to the misnamed school phobia. These children were not afraid of 
school. School was a forced separation from their mother and they were over-
whelmed, which they explained by concern for the mother’s welfare.” Maybe 
she got sick,” they would whimper. However they usually got over this and 
did not have panic attacks during this period. At sometime later, frequently 
when they had to change schools or move the separation anxiety would recur. 
Panic attacks occurred rarely before puberty and raised the suspicion of cere-
bral dysrhythmia. Later we found that Panic Disorder waxed and waned. 

 These early observations were followed by a series of controlled trials 
regarding panic disorder and separation anxiety disorder [3–8]. 

 However, an independent placebo controlled trial confi rming the anti- panic 
effect of imipramine awaited Sheehan and Ballenger [9], two nervy, smart resi-
dents at Massachusetts General Hospital, part of the Harvard empire. Hillside 
Hospital had no academic links and nowhere near Harvard’s prestige. 

 This necessary independent study took place about 17 years after our ini-
tial presentations to a largely dismissive world. At Yale a senior psychoana-
lyst explained that these phobic patients did not travel because that requires 
walking the streets and since they had an unconscious desire to be streetwalk-
ers (prostitutes) they couldn’t do it. He thought imipramine must be a chemi-
cal straight jacket. Others were not as articulate but just as disbelieving. 

 The publication of DSM-III was also in 1980. By including Panic Disorder 
in a manual for clinical diagnosis, it legitimatized research in Panic Disorder, 
which took off after 1980. That research in psychiatry requires the prior 
development of a clinical category is illogical. However, that this should lead 
to rejection of clinical categories, as in the NIMH RDoC program, is glib and 
misleading [10]. 

      Emeritus Professor Psychiatry     Donald     F.     Klein    
 Columbia University Medical Center
New York, NY, USA           
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 This book was carefully edited to condensate the accumulated knowledge on 
panic disorder produced by a network of very productive researchers at this 
subject in recent years. This network includes distinguished professors and 
renowned researchers who enthusiastically participated from Brazil, United 
States, Italy, Spain, United Kingdom, Mexico, and Switzerland. 

 We present several aspects of panic disorder including historical aspects, 
neurobiology fi ndings, connections with the respiratory and cardiovascular 
systems, pharmacological and nonpharmacological treatments, psychopa-
thology and genetics, among others. 

 We recommend it to anyone who has an interest in anxiety and panic dis-
order, specially psychiatrists, clinical psychologists, postgraduate students, 
and researchers in this area.  

  Rio de Janeiro, Brazil     Rafael     Christophe     R.     Freire    
     Antonio     Egidio     Nardi       
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  PPy    Parapyramidal area   
  PRL    Prolactin   
  PRV    Pseudorabies virus   
  PVN    Paraventricular nucleus of hypothalamus   
  PVT    Paraventricular nucleus of the thalamus   
  rCBF    Regional cerebral blood fl ow   
  RVLM    Rostroventrolateral medulla   
  SAH    Separation anxiety hypothesis   
  SFA    Suffocation false alarm hypothesis   
  SFO    Subfornical organ   
  sgACC    Subgenual anterior cingulate cortex   
  SI    Social interaction test   
  SON    Supraoptic nucleus   
  SSRI    Selective serotonin reuptake inhibitor   
  SNRI    Serotonin and noradrenaline reuptake inhibitor   
  TASK    Tandem acid-sensitive potassium channels   
  TCA    Tricyclic antidepressants   
  TH    Tyrosine hydroxylase   
  VHZ    Ventral hypothalamic zone   
  VLM    Ventrolateral medulla   
  VLPAG    Ventrolateral periaqueductal grey matter   
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     Abstract  

  Panic disorder was described in several liter-
ary reports and folklore. Perhaps one of the 
oldest examples lies in Greek mythology, in 
which the Pan god was responsible for the 
term  panic . Before 1850, the symptoms for 
anxiety were still usually associated with 
signs and symptoms of depression. In the sec-
ond half of the nineteenth century, a progres-
sive change began to take place in the fi eld of 
anxiety symptoms. Henry Maudsley, in 1879, 
described a  melancholic panic , and this was 
the fi rst time the term panic was technically 
used in psychiatry. Jacob Mendes DaCosta, 
during the American Civil War described  the 
irritable heart . At 1894, Sigmund Freud 
described the  angstneurose  (anxiety neurosis) 
and was impressed with the symptoms and 
associated phobias. In 1954, Mayer-Gross, 
associated anxiety disorders to hereditary, 
organic and psychological factors, dividing 
them in simple anxious states and phobic anx-
ious states. In 1964, Donald Klein, published 
that patients with these disorders responded 
favorably to imipramine, a tricyclic antide-
pressant. His observations and descriptions 
infl uenced the third edition of the Diagnostic 
and Statistical Manual of Mental Disorders 
(DSM-III, 1980), in which the term  panic dis-
order  appears for the fi rst time in an offi cial 
classifi cation. In 1993, Donald Klein described 
the “False Suffocation Alarm Theory”. This 
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theory has been widely accepted, based on 
laboratory studies of respiratory, cognitive 
and biochemical tests. In the last 50 years, the 
 mysteries of panic disorder have been revealed 
through basic and clinical research.  

  Keywords  

  Panic disorder   •   Agoraphobia   •   Anxiety disor-
ders   •   Anxiety   •   Anti-anxiety agents  

1.1       Introduction 

 Although a common mental disorder [ 1 ],  panic 
disorder   has received little historical attention. 
Berrios [ 2 ] pointed that this may be due to its 
relative newness; or to the fact that the historical 
model used to account for the traditional mental 
disorder is inappropriate for the new disorders. 
Our aim is to describe some important points in 
the history of the concept of panic disorder and 
highlight the importance of the presence of this 
diagnosis in the offi cial classifi cations for the 
clinical and research developments. 

 The word   anxiety    derives from the Indo- 
Germanic root a ngh  for narrowness or constric-
tion. This rootword was the source for the Greek 
term  anshein , meaning to strangulate, suffocate, 
oppress and correlated Latin terms, such as 
 angustus , to express discomfort,  angor , meaning 
oppression or lack of air, and  angere , signifying 
constriction, suffering, panic [ 2 ].  

1.2        Historical Overview 

1.2.1     Classical Era 

 Several literary reports and folklore demonstrate 
that anxiety symptoms observed in the past are 
what we call panic disorder nowadays. Perhaps 
one of the oldest examples of panic symptoms 
lies in Greek mythology – the legend of the Pan 
god. He was responsible for anxiety attacks and 
originated the term  panic  [ 3 ]. Although he was 
born in Arcadia, Pan roamed the Greek moun-
tains and roads. According to the legend, he was 

the god of fl ocks and shepherds, and since he was 
half man and half goat, with horns and goat legs, 
his appearance was frightening. He was very 
active and full of energy, but very irritable. He 
loved music and played a small reed pipe, Syrinx. 
In several stories, Pan is reported to cause fright, 
screams, fears, terror and suffering. Like some 
other gods, Pan harassed nymphs who ran from 
him, maybe because of his mien or due to his 
always unexpected and sudden apparition [ 3 ]. 
Like other woodland gods, he was feared by 
those who had to go through the forest. Meeting 
one of these deities could provoke an overwhelm-
ing and irrational fear, for no reason at all, or 
what was known as  panic terrors  or  panic    attacks   . 
Fear of meeting Pan again and fear of being star-
tled once more made travelers stop journeying 
through roads and avoiding going to the market 
(in Greek,  ágora ), thus developing  agoraphobia   
(fear of large open or public places) [ 2 ]. 

 In ancient Greece, Plato presents in   Timaeus    a 
case of anxiety associated to the  wandering  [ 4 ]. 
Although this description is often associated to 
hysteria, the original text describes a woman with 
acute anxiety that is very similar to panic disor-
der. “The uterus is an animal desirous of  procre-
ating   children. When it remains unfruitful long 
periods beyond puberty, gets discontented and 
angry, begins to wander throughout the body, 
closing the air passages, impeding breathing, 
bringing about painful distress, and causing a 
variety of associated diseases”. Plato not only 
associated panic disorder to women of reproduc-
tive age, but also stated that respiratory symp-
toms (dyspnea, diffi culty in breathing) are 
common symptoms and pregnancy improves 
them (in some cases) [ 4 ]. 

 From the time of Hippocrates up to the seven-
teenth century, the description and interpretation 
of the signs and symptoms of anxiety were deter-
mined by the principle of body fl uids described by 
Hippocrates in   Corpus Hippocraticum    or by 
reports in layman and religious literature [ 2 ]. 
 Corpus Hippocraticum  consisted of a series of 
seventy medical treatises dating to the fi fth cen-
tury AD, attributed to Hippocrates and his disci-
ples. The traditional Egyptian idea of blood, 
yellow bile, black bile and phlegm would be the 
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four cardinal humors or fl uids, and would be 
 associated to distinctive features of each individ-
ual, including diseases. Hippocrates associated 
the excess of black bile to depression [ 2 ].  

1.2.2     Medieval Period 
and Renaissance 

    During the medieval period and the Renaissance, 
what we today consider to be severe anxiety syn-
drome was associated to the signs and symptoms 
of depression. In the seventeenth century, the 
English doctor Robert Burton [ 5 ] described in his 
book “  The Essential Anatomy of Melancholy   ” an 
acute anxiety episode, which he considered to be 
a type of fear: “ This fear cause in man, as to be 
red, pale, tremble, sweat; it makes sudden cold 
and heat to come over all the body, palpitations of 
the heart, syncope, etc. It amazed many men that 
are to seek or show themselves in public assem-
blies…Many men are so amazed and astonished 
with fear, they know not where they are, what they 
do, and which is worst, it tortures them many days 
before with continual affrights and suspicious … ” 

 Burton [ 5 ] described several types of  patho-
logical anxiety   in a style quite different from 
today’s scientifi c texts; associating philosophy and 
beliefs of the time. He listed the fear of death, fear 
of losing a loved one and   paranoid anxiety   . He 
described anxiety based on delirium, associated 
to depersonalization, to hyperventilation, to hypo-
chondria and even to  agoraphobia  , as well as 
anticipatory anxiety and several types of  phobias – 
public speaking, acrophobia and claustrophobia. 

    The renaissance was not only a time of man’s 
rediscovery of man through art, but it was also a 
time marked by science’s rise in prestige, and, at 
this time, alchemy received scientifi c criteria. 
Paracelsus (1493–1541) was one of the leaders 
in the new art to question the hegemony of 
Hippocrates’ humors [ 6 ].  

1.2.3     Nineteenth Century 

    Modern medical description of  panic disorder 
(PD)   began prior to the nineteenth century, dur-
ing a period when psychiatry was established 

itself as an independent branch of study. Berrios 
[ 2 ] states that those who took care of patients 
since immemorial time knew anxiety symptoms 
and syndromes. However, each symptom was 
treated as a separate medical complaint, as if it 
were an isolated physical problem. Symptoms 
were considered for its  face value  and treated as 
symptoms associated to the disorder of an organ; 
for example, palpitation was associated as a 
 disease of the heart. No mental disorder was con-
sidered when these complaints were presented. 
Because of its physical characteristics – tachy-
cardia, precordial discomfort, nausea, sweating, 
paresthesia, etc. – these anxiety manifestations 
were identifi ed and described by clinical physi-
cians and not by psychiatrists [ 2 ]. 

 In French psychiatry, panic disorder has been 
studied since the nineteenth century under the 
name of  acute episodes of distress , and were part 
of the description for various nosological entities 
such as Benedict Morel’s   emotional delirium  
( delire émotif )  , Henri Le Grand Du Saulle’s   fear 
of spaces  ( peur des espaces )   based on Karl 
Westphal’s texts on  agoraphobia  ; Doyen’s   mor-
bid terrors  ( terreurs morbides )  , Henry Ey’s 
  severe anxiety  ( grande anxiété )  ; from Brissaud’s 
  paroxystic anxiety  ( anxiété paroxystique )   to the 
  fear in the army  ( peur dans les armées )   described 
by Brousseau [ 7 ]. In the beginning of the nine-
teenth century, the French doctor, Landré- 
Beauvais defi ned  distress  as “a certain discomfort, 
restlessness, excessive physical activity”, and 
that the symptoms could be associated to severe 
or chronic diseases [ 7 ]. 

 Maurice Krishaber (1836–1883), an otorhino-
laryngologist who practiced in Paris, described 
“the  cerebral-cardiac neurosis  ” associating some 
symptoms – dizziness, tachycardia, restlessness, 
among others – to one unique neurocirculatory 
disease. The term neurosis referred to nerves, an 
organic, somatic disturbance, with no association 
to a psychiatric disorder [ 2 ,  7 ]. 

    Benjamin Rush (1745–1813), an American 
physician from Philadelphia, and considered as 
the “father of American psychiatry”, described in 
his psychiatry book (1812) the association 
between somatic causes and phobias, relating 
depression ( tristimania ) to hypochondriasis [ 2 ,  7 ]. 
Before 1850, the symptoms for anxiety were still 

1 The Panic Disorder Concept: A Historical Perspective

mp2285@cumc.columbia.edu



4

associated with signs and symptoms of depression. 
In 1858, Littré and Robin defi ned   distress    as “a 
feeling of oppression or weight in the epigas-
trium, associated to a great deal of diffi culty in 
breathing or excessive sadness, this being the 
most advanced degree of anxiety”. They also 
described anxiety as a “problematic and agitated 
state, with diffi culty in breathing and precordial 
pressure: restlessness, anxiety and distress are 
three stages of the same phenomenon, in order of 
seriousness” [ 2 ,  7 ]. 

 In the second half of the nineteenth century, a 
progressive change began to take place in the 
fi eld of anxiety symptoms [ 6 ,  7 ]. Somatic causes, 
that up to that time were fully accepted, began do 
divide the attention with possible psychological 
causes. In 1872, Karl Friedrich Otto Westphal 
(1833–1890) described  agoraphobia  , the fear 
of wide and open places. He cited three male 
patients who demonstrated fear in wide streets 
and open spaces and who, at times, were com-
pelled to ask passersby for help. In 1878, Le 
Grand Du Saulle published a paper on the   fear of 
spaces  ( peur des espaces )  , broadening Westphal’s 
original concept. Du Saulle stated that, “although 
we can observe now and previously that these 
patients fear open places, they can feel fear of 
theaters, churches, high balconies in buildings or 
whenever they are found near wide windows, or 
buses, boats or bridges” [ 2 ,  6 ,  7 ]. 

 In the second half of the nineteenth century, 
defi nitions of states of  anxiety   and  agorap hobia   
became more specifi ed and detailed [ 6 ,  7 ]. 
Benedict Morel’s (1809–1873) studies were very 
important during this period. According to Morel 
in 1866 [ 8 ], the category of  emotional delirium  
combined the organism’s physical and moral sen-
sibility symptoms, which have no relation what-
soever with the signs and symptoms that are 
today considered to be psychotic. Morel listed as 
physical symptoms: hyperesthesia, paresthesia, 
hot and cold fl ashes, sweating, pain, etc. Phobias 
were among the moral symptoms. The explana-
tion given by Morel for this   emotional delirium    
was recorded in his general theory of degenera-
tion. Among Morel’s cases, we can observe what 
would today be described as PD and generalized 
anxiety disorder. The physical and moral causes 

would be combined with hereditary factors, in 
order to appear as a disease, from the moment 
that determining conditions – moral and physi-
cal – were present. Base alteration would be the 
functional fragility of the visceral, ganglionary, 
nervous system [ 8 ]. Henry Maudsley (1835–
1918), in 1879, described the   melancholic panic   , 
and this was the fi rst time the term  panic  was 
technically  used   in psychiatry [ 2 ]. It is important 
to highlight the notion that all the symptoms 
could be manifestations of a unitary construct – 
anxiety – and this new concept had limited accep-
tance in nineteenth century psychiatry. 

 At the end of the nineteenth century, two 
American doctors played a fundamental role in 
the future make up of Freud’s proposed   anxiety 
neurosis   : George M. Beard and Jacob Mendes 
DaCosta [ 2 ,  6 ,  7 ]. The fi rst studied neurasthenia, 
and was cited by Freud in his articles on the 
 anxiety neurosis. Beard’s 1869 article entitled 
“Neurasthenia” was the starting point for a series 
of papers with the objective of establishing the 
specifi city of neurasthenia, both in the clinical 
description as well as in the explanatory hypoth-
esis. According to Beard, neurasthenia would be 
centered on physical fatigue of nervous origin 
(related to nerves, a neurological concept) – 
functional weakness of the brain due to sexual 
energy drain from abnormal sexual activity, such 
as excessive masturbation, and would be accom-
panied by other symptoms such as pain, digestive 
problems, paresthesia, depression, reduced libido, 
apathy and indifference. However, what was 
most important, from the anxiety point of view 
was that Beard’s ample description of neurasthe-
nia considered acute anxiety a very important 
part. The  morbid fears of particular type , espe-
cially  agoraphobia  , anthropophobia (fear of soci-
ety) and the phobia of traveling alone. Freud’s 
criticism of Beard’s work lead Freud to introduce 
his own description for anxiety neurosis. 

 Jacob DaCosta (1833–1900) [ 6 ], a military 
doctor, during the American Civil War described 
what he called “the irritable heart, a functional 
cardiac disorder”. Men affected by this disorder 
demonstrated acute symptoms with palpitations 
of variable intensity, lasting from minutes to 
hours, accompanied by thoracic pain and general 
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discomfort. Since he could not fi nd an organic 
cardiac lesion or subjective conditions due to 
war, Da Costa concluded that this was a func-
tional disorder of the sympathetic nervous sys-
tem. Da Costa described a detailed clinical 
evaluation of almost 300 patients. When the heart 
is submitted to extremely intense effort and ten-
sion, it becomes physiolo gically “irritable”, and 
as a result, palpitations arise. 

 Sigmund Freud (1856–1939) was also impres-
sed with the symptoms and phobias associated 
with what we call today panic disorder. At around 
1894, he [ 9 ] described the   anxiety neurosis  
( Angstneurose )  . The origin of the term goes back 
to the studies by E. Hecker, who in 1893, had 
already demonstrated the presence of anxious 
states in neurasthenia. Freud’s merit was to sepa-
rate anxiety neurosis from neurasthenia and 
describe it with a specifi c clinical presentation. 
On several occasions, Freud states  that   certain 
acute symptoms, such as dizziness, cardiac activ-
ity disorders, sweating, tremors, shock, diarrhea 
and   pavor nocturnus   , are special forms of anxiety 
attacks, which he now denominates “anxiety 
equivalent”. Freud [ 9 ] stated “…these patients 
symptoms are not mentally determined or remov-
able by analysis, but they must be regarded as 
direct toxic consequences of disturbed sexual 
chemical processes”. 

 Since Freud’s fi rst papers [ 9 ] on   anxiety neu-
rosis   , the anxiety attack was considered as one of 
two fundamental forms of clinical manifestation 
of distress, the other being a  chronic state . Freud 
also associated  agoraphobia   to anxiety neurosis. 
To him,  agoraphobia   referred to an effort made 
by the patient with the intention of not being 
stricken by   anxiety attacks    in unfamiliar circum-
stances, when he was not be sure he could get 
help. It is interesting to note that Freud also dis-
cussed the relation of  agoraphobia   and panic 
attacks, widely studied nowadays, in his texts on 
the neurosis of anxiety.  

1.2.4     Twentieth Century – First Half 

 In  the   twentieth century, although some concepts 
on psychological factors in anxiety having 
already been discussed, the symptoms of anxiety 

were still largely associated to hereditary and 
biological factors. In 1903, Pierre Janet [ 10 ] 
described   psychasthenia   , a case of anxiety with 
somatic and obsessive symptoms, associating 
these signs and symptoms to a breakdown of 
feelings and liberation of primitive behavior. 
Janet believed that the psychological perfor-
mance of an individual could be divided into fi ve 
levels. At the superior level would be the harmo-
nious reality function, followed by habitual and 
automatic actions, then imagination functions, 
emotional visceral reactions and muscular move-
ments. The term and its defi nition would encom-
pass a series of mental disturbances, including 
anxiety. Anxiety and distress were manifestations 
of this breakdown, but not its main component. 
In 1926, in his book,   De l’Angoisse a l’Exstase   , 
Janet [ 11 ] cites the case of Madelaine, a 40 year-
old patient with severe signs and symptoms of 
anxiety, with possible panic attacks associated 
with constitutional factors. 

 In 1907, Emil Kraepelin [ 12 ] (1856–1926), 
describes the   neurosis of terror  ( Schreckneurose )  , 
in which panic attacks are etiologically associ-
ated to the affective state. In the sixth edition 
of his classic   Psychiatrie. Ein Lehrbuch für 
Studirende und Aerzte    ,  1899, in the chapter on 
compulsive insanity, Kraepelin associated  agora-
phobia   to anxiety attacks with several somatic 
symptoms. He related that the improvement of 
symptoms does not mean a concurrent 
 improvement of the  agoraphobia  : this state could 
persist indefi nitely. 

 Ernest Kretschmer introduced in his “Medical 
Psychology” the panic attack as an “an outburst 
 of   attempted impulsive movements”, trying to 
take the individual away from the source of dan-
ger or excitement as quickly as possible [ 6 ]. 
Panic attacks appear in the Legrand Du Salle’s 
fear of spaces, which determined the  fear of feel-
ing fear . 

 To Adolf Meyer [ 13 ] (1866–1950), a psychia-
trist who infl uenced the fi rst and second editions 
of the Diagnostic and Statistical Manual of 
Mental Disorders (DSM-I and DSM-II), the indi-
vidual is a psychobiological being and any patho-
logical manifestation would be a form of reaction 
to particular characteristics of the environment. 
Psychosis and neurosis would be different parts 
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of the same psychiatric spectrum of continuous 
gradation, going from one extreme to the other. 

 Henrique Roxo [ 14 ] a Brazilian Professor of 
Psychiatry (1946) divided neu rasthenia in two 
groups: psychasthenis and nervousness. 
 Psychasthenis   included obsessions, phobias and 
impulses. Nervousness represented an extraordi-
nary state of anxiety, (the patient) revealing a feel-
ing of indescribable discomfort, in which 
kinesthesia disturbances play a very important role. 
Although the anxiety attack is described within the 
symptoms of nervousness, Roxo [ 14 ] associated to 
the two neurasthenia groups’ symptoms that nowa-
days are considered those of depressive syndromes 
and chronic and acute anxiety syndromes. Etiology 
was an association of psychological, environmental 
and  constitutional factors, and treatment consisted 
of varied experimental medication, which suppos-
edly would act specifi cally on each subtype.  

1.2.5      The   Last 65 Years 

 The second half of the twentieth century marked 
a revolution in the practice of psychiatry. Not 
only was psychiatric diagnosis revised and modi-
fi ed, seeking reliability, but treatment also 
received marked assistance from psychophar-
macological agents. In 1954, Mayer-Gross [ 15 ] 
(1889–1961), associated anxiety reaction to 
hereditary, organic and psychological factors, 
dividing it in simple anxious states and phobic 
anxious states. The latter included  agoraphobia   
with associated somatic symptoms. The 50’s 
brought about the discovery of the monoaminox-
idase inhibitors and tricyclic antidepressants. 
This was followed by the advent of the benzodi-
azepines. Thus, the road was paved for a more 
effi cient panic treatment. In 1959, Donald 
Klein [ 16 ], a New York psychiatrist, observed 
that patients with  depressive-anxiety symptoms   
responded favorably to imipramine, a tricyclic 
antidepressant. It is interesting to note that after a 
few weeks, Klein [ 16 ] and his patients were dis-
appointed by the effects of imipramine and were 
ready to quit the experiment when the nurses 
pointed out that the patients were less anxious. 
The nurses noticed that the patients reduced their 

trips to the nursing station to complain about 
 being sick  or  dying ; that they were more indepen-
dent, walking around the hospital by themselves. 
Klein [ 16 ] concluded that imipramine was effi -
cient in panic attacks, but not on chronic anxiety. 
He also considered  agoraphobia   a consequence 
of panic attacks, where patients who did not fear 
bridges or closed environments, but feared the 
possibility of having a panic attack and an imme-
diate way out or help would be diffi cult or 
impossible. 

 Klein [ 16 ] more recently also distinguished 
three types of panic attacks: spontaneous, situa-
tional (associated with an agoraphobic situation) 
and those provoked by a constant phobic stimu-
lus (animals, height, darkness, etc.). His posterior 
observations and descriptions infl uenced the 
third edition of the  Diagnostic and Statistical 
Manual of Mental Disorders (DSM-III)   (1980) 
[ 17 ], in which the term “panic  disorder  ” appears 
for the fi rst time in an offi cial medical classifi ca-
tion. In no time, panic disorder became the most 
studied psychiatric disorder from a diagnostic 
and therapeutic point of view. 

 The DSM-III [ 17 ] divided anxiety neurosis, 
also named in this classifi cation of anxiety disor-
ders, as panic disorder (acute anxiety) and gener-
alized anxiety disorder (chronic anxiety), creating 
operational criteria for each category diagnosed. 
It also divided phobic neurosis into simple 
 phobia, social phobia and  agoraphobia   (with or 
without panic attack). The extensive diagnostic 
reorganization of DSM-III continued for 7 years, 
resulting in the revised edition – DSM-III-R 
(1987) [ 18 ]. In this edition,  agoraphobia   no lon-
ger appears as an isolated category, but as a con-
sequence of panic disorder, and now listed under 
the term: panic disorder with and without  agora-
phobia  . The criteria for panic disorder were 
 simplifi ed  and   closer to clinical practice. One 
example was that only one panic attack with pho-
bic repercussion during the previous month was 
required to establish a positive diagnosis. In other 
words, greater importance was given to the pho-
bic consequences of the panic attack and not 
just the physical symptoms of the attack. The 
 DSM-IV   (1992) [ 19 ] maintained practically the 
same defi nitions, but defi ned panic attacks, 
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 demonstrating they could occur associated to 
other diagnosis and without fulfi lling all the cri-
teria for panic disorder; it also distinguished 
spontaneous panic attacks, situational panic 
attacks (linked to  agoraphobia  ) and those pro-
voked by a phobic stimulus (more closely linked 
to specifi c phobias). In the year 2000, a revised 
edition of DSM-IV was published, entitled DSM-
IV-TR [ 20 ], in which some of the concepts were 
refi ned but the criteria for panic disorder remained 
the same. In 2013, the DSM-5 [ 21 ] separated 
again panic disorder from  agoraphobia  , although 
the emphasis on the compromise of a panic attack 
to the diagnosis of panic disorder was kept. 

 We can divide the evolution of psychophar-
macology in relation to panic disorder into 
three main moments: fi rst, Donald Klein’s (1964) 
observation of the effi ciency of the tricyclic anti-
depressants [ 16 ]. The second moment was when 
the effi cacy of the benzodiazepines was per-
ceived [ 22 ]. Finally, by the noted effi cacy of the 
selective serotonin reuptake inhibitors [ 23 ] in 
1990. Today, psychopharmacology has been 
leading psychiatry in the direction of biology. 
This biological perspective entails in putting anx-
iety in the frame of the evolutionist paradigm. 
Charles Darwin (1872) [ 24 ], in   The Expression of 
Emotion in Man and in Animals   , pointed the way 
to search for the adaptive value of the behavioral 
and psychological processes. Anxiety and fear 
have their roots in the defensive reactions of 
 animals, observed in response to the danger nor-
mally found in the environment. The interpretation 
of a stimulus or a situation as dangerous depends 
on the nature of cognitive operations. In humans, 
cognitive factors acquire importance due to the 
intervention of the system of symbols socially 
codifi ed, verbal or non-verbal. The behavioral 
responses to fear are accompanied by intense 
physiological alterations – physical symptoms – 
and alterations in the emotional state. The physi-
ological alterations consist of objective measures 
of anxiety. Thus, cardiac frequency, arterial pres-
sure, respiratory frequency and increased electri-
cal conductivity of the skin brought on by 
sweating, are the measures mostly used to deter-
mine the degree of anxiety. 

 In the 80’s, in their independent research proj-
ects, Jack Gorman, in the USA, and Van Den 

Hout, in the Netherlands, observed that 35 % 
 carbon dioxide mixture induced panic symptoms 
[ 25 ]. This observation afforded the opportunity 
for greater insight concerning the factors that 
brought about panic attacks. 

 In 1993, Donald Klein [ 26 ] described the 
“ False Suffocation Alarm Theory  ”. This theory 
describes panic attack as a disorder of the physi-
ological suffocation alarm. The regulating moni-
tor  would   inform the central nervous system of 
an imminent suffocation situation when this was 
not actually occurring. This theory has been 
widely accepted, based on laboratory studies of 
respiratory, cognitive and biochemical tests. 

 Recent literature indicates that panic attacks 
may originate from a network of fear with altered 
sensibility, including in this network; the pre-
frontal cortex, the insula, the thalamus, the amyg-
dala and amygdala projections toward the brain 
stem and hypothalamus [ 25 ]. When we adminis-
ter a  panicogenic agent  , we would not affect a 
specifi c autonomic area of the brain stem, but we 
would be activating the entire neural fear net. 
Patients with panic disorder often complain of 
uncomfortable somatic sensations. The adminis-
tration of a panicogenic agent would correspond 
to a non- specifi c activation. Since all these agents 
 produce   uncomfortably sharp physical sensa-
tions, the hypothesis would be that they stimulate 
a  sensitive brain system conditioned to respond-
ing to noxious stimuli. As time passes, the pro-
jections of the central nucleus of the amygdala 
such as the  locus ceruleus , periaqueductal gray 
area, and hypothalamus can become more or less 
sensitive [ 25 ]. There can also be an interindivid-
ual difference in the strength of these afferent 
projections. In this way, the standard neuroendo-
crine and autonomic responses presented during 
a panic attack may vary from one patient to 
another, and on the same patient throughout time.   

1.3     Conclusion 

 Panic disorder has been having its mysteries 
revealed through basic and clinical research, and 
patients who suffer from this frightening disease 
can be sure that correct diagnosis and adequate 
treatment are already part of everyday clinical 
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practices. We have, however, to perfect these 
practices even more, so we can continue to 
improve patient prognosis.     
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   Abstract  

  Panic disorder (PD) patients are exquisitely 
and specifi cally sensitive to inhalations of 
5–7 % carbon dioxide and infusions of 0.5 M 
sodium lactate. Another startling feature of 
clinical panic is the lack of increments of the 
‘stress hormones’ corticotropin, cortisol and 
prolactin. PD is also more frequent in women 
and shows high comorbidity with childhood 
separation anxiety, late luteal period dysphoric 
disorder and depression. The hypothalamus- 
pituitary-adrenal axis is nevertheless activated 
in fear-like panics marked by palpitations, 
tremor and sweating, that are devoid of suffo-
cation symptoms. These and other data sug-
gest the existence of both respiratory and 
non-respiratory types of panic attacks. 
Increasing evidence suggests, on the other 
hand, that panics are mediated at midbrain’s 
dorsal periaqueductal grey matter (DPAG). 
Therefore, here we summarized data showing 
that: (1) the DPAG harbors a suffocation alarm 
system which is activated by low intravenous 
doses of potassium cyanide (KCN); (2) KCN 
evokes defensive behaviors that are facilitated 
by hypercapnia, blocked by lesions of DPAG 
and attenuated by clinically effective treat-
ments with panicolytics; (3) DPAG stimula-
tions do not change the stress hormones when 
escape is prevented by stimulating the rats in a 
small compartment; (4) DPAG-evoked panics 
responses are facilitated in neonatally-isolated 
adult rats, a model of childhood separation 
anxiety; (5) DPAG-evoked panic-like behav-
iors are facilitated in diestrus phase of rat ovu-
latory cycle. It is proposed a neural model of 
panic attacks in which the PAG is the fulcrum 
of threatening signals from both forebrain and 
hindbrain. This model emphasizes the role of 
PAG as a suffocation alarm system.  

  Keywords  

  Panic disorder   •   Separation anxiety   • 
  Periaqueductal gray   •   Hypothalamo- hypophyseal 
system   •   Adrenal glands   •   Adrenocorticotropic 
hormone   •   Hydrocortisone   •   Prolactin  

2.1       A Brief Story of Panic 
and Panic Theories 

 The underpinnings of the current classifi cation of 
anxiety disorders were laid down by Sigmund 
Freud in the course of his efforts to separate ‘anxi-
ety neuroses’ ( Angstneuroses )    from both ‘neuras-
thenia’ and ‘melancholia’ [ 1 ,  2 ]. Freud reported 
that anxious patients had two major syndromes of 
anxiety, the ‘anxious expectation’ ( ängstliche 
Erwartung )   , which he considered the most essen-
tial syndrome of anxiety, and the less frequent 
‘attack of anxiety’ ( Angstanfall )   . According to 
Freud, in anxious expectation there is ‘ a quantum 
of freely fl oating anxiety which controls the choice 
of ideas by expectation ’. In contrast, in anxiety 
attacks ‘ anxiety breaks suddenly into conscious-
ness without being aroused by the issue of any 
idea ’. Freud emphasized that anxiety attacks 
manifest either as ‘ the anxious feeling alone ’ or 
the combination of this feeling with ‘ the nearest 
interpretation of the termination of life, such as 
the idea of sudden death or threatening insanity ’. 
Remarkably, Freud noted that patients suffering 
from anxiety attacks ‘ put the feeling of anxiety to 
the background or [described it] rather vaguely 
… as feeling badly, uncomfortably, etc. ’, an obser-
vation corroborated by present- day psychiatrists. 
Freud was also aware of the high comorbidity of 
panic attacks with agoraphobia, which he linked 
to a ‘ locomotion disorder ’ associated with the 
presence of dizziness during panic attacks [ 1 ,  2 ]. 
Moreover, he stressed that in agoraphobia ‘ we 
often fi nd the recollection of a panic attack; and 
what patients actually fears is the occurrence of 
such attack under the special condition in which 
he believes he cannot escape it ’ [ 3 ]. 

 Freud’s descriptions of ‘anxious expectation’ 
and ‘anxiety attack’ were very similar to the pres-
ent diagnoses of  generalized anxiety disorder 
(GAD)   and  panic disorder (PD)  , respectively. 
Yet, it would take almost a century before PD be 
accepted as a psychiatric disorder on its own [ 4 ]. 
Consequently, while the anxiety disorders con-
tinued to be vaguely diagnosed as ‘ neurasthenia  ’ 
until the middle of the last century, panic attacks 
(or similar reactions) received a bewildering 
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wealth of labels, including anxiety neurosis, neu-
rocirculatory asthenia, vasomotor neurosis, ner-
vous tachycardia, effort syndrome, Da Costa’s 
syndrome, soldier heart, irritable heart and hyper-
ventilation syndrome [ 5 – 8 ], and were even 
treated as schizophrenics (D.F. Klein, personal 
communication). 

 This scenario began to undergo a dramatic 
change following the publication of Donald 
Klein’s infl uential studies showing that anxious 
expectation and panic were treated by different 
classes of drugs [ 9 ,  10 ]. Serendipitously, Klein 
observed that, although the panic attacks of hos-
pitalized agoraphobics remitted during the treat-
ment of comorbid depression with the tricyclic 
antidepressant imipramine, the expectant (antici-
patory) anxiety of being overwhelmed by a panic 
attack was refractory to this medication. Notably, 
Klein also noted that the onset of PD was very 
often precipitated by separation and bereavement 
and that half of agoraphobics of his studies had 
suffered from severe childhood  separation anxi-
ety   ( CSA  ) that frequently prevented school atten-
dance [ 10 ]. Besides suggesting that panic differs 
from anxiety, these observations led Klein to pro-
pose that  CSA   predisposes individuals to the later 
development of PD even before Bowlby’s publi-
cation of the classical trilogy on attachment,  sep-
aration anxiety   and loss [ 11 ]. 

 At approximately the same time, Pitts and 
McClure [ 7 ] showed that panic attacks could be 
precipitated by a 20-min intravenous infusion of 
0.5 M sodium lactate (LAC) in patients prone to 
panic but not in normal volunteers. Further stud-
ies showed that a fraction of LAC-sensitive 
patients was also sensitive to the inhalation of 
5–7 % carbon dioxide (CO 2 ) [ 12 ]. The demon-
stration that PD had both physiological markers 
(CO 2 , LAC) and drug-specifi c treatments (imip-
ramine) suggested that clinical panic was the out-
come of a specifi c brain circuit discharging 
maladaptively. 

 The next breakthrough occurred a few years 
after the acknowledgment of PD as a separate 
anxiety syndrome [ 4 ]. Indeed, the counterintui-
tive lack of increments in ‘ stress hormones  ’ cor-
ticotropin (ACTH),  cortisol (COR)   and  prolactin   
(PRL) in both natural and provoked panic attacks 

was a remarkable fi nding as it discriminated 
panic from both fear and stress [ 13 – 20 ]. These 
studies also questioned the cognitive hypotheses 
that equated clinical panic to the fear brought 
about by the catastrophic evaluation of bodily 
symptoms [ 21 – 23 ]. 

 As a result, in the early 1990s Klein proposed 
that clinical panic is bound to the fear of suffoca-
tion of which dyspnea (but not hyperpnea) is the 
leading symptom [ 24 ,  25 ]. In particular, Klein 
suggested that the apparently spontaneous clini-
cal panic is the outcome of the misfi ring of an 
as-yet-unknown ‘suffocation alarm system’, 
thereby producing sudden respiratory distress 
(dyspnea), panic, hyperventilation, and the urge 
to escape from immediate situation. Klein [ 24 ] 
argued that the ‘suffocation false alarm’ (SFA) 
 theory   is an explanation both suffi cient and con-
sistent of the hypersensitivity of panic patients to 
respiratory metabolites (CO 2 , LAC) and of the 
occurrence of panic attacks during hypercapnic 
conditions of relaxation and sleep. Klein [ 24 ] 
also stressed that the SFA  theory   is consistent 
with the reduced incidence of panic attacks dur-
ing pregnancy, delivery, and lactation and, con-
versely, of the increased frequency of panic in 
late luteal phase dysphoric disorder ( LLPDD  )   , in 
which respiration is increased or decreased by 
parallel changes of respiratory stimulant proges-
terone, respectively [ 24 ]. The SFA hypothesis is 
also consistent with the high comorbidity of 
panic with present and antecedent respiratory 
diseases [ 26 ,  27 ]. Lastly, Klein [ 24 ] argued that 
panics induced by 7 % CO 2  and 0.5 M LAC 
remained the best models of clinical panic 
because they are not precipitated in healthy sub-
jects [ 7 ,  24 ], obsessive patients (as cited by Griez 
and Schruers [ 28 ]) or patients with social phobia 
[ 29 ]. Moreover, whereas panics produced by CO 2  
and LAC were blocked by chronic treatment with 
imipramine [ 30 – 33 ], those induced by β-carboline 
and yohimbine were not [ 24 ]. 

 Klein’s original hypothesis [ 10 ] that  CSA   
predisposes to panic was corroborated by evi-
dence both clinical and epidemiological [ 34 – 37 ]. 
The so-called ‘separation anxiety hypothesis’ 
(SAH)    [ 36 ] was also supported by the demon-
stration of the clinical effectiveness of imipramine 
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in  CSA   [ 34 ,  38 ]. Additionally, it was shown that 
separation- anxious children of parents with PD 
had respiratory responses to CO 2  similar to 
those of panickers [ 35 ,  39 ]. Most importantly, 
twin- based genetically-informative recent stud-
ies suggested that  CSA   shares a common genetic 
diathesis with both PD and CO 2  hypersensitivity 
[ 40 ,  41 ]. The necessity of an integrative explana-
tion resulted in the expanded theory of SFA 
[ 27 ,  42 ] according to which panic attacks are the 
outcome of the episodic dysfunction of opioider-
gic systems tonically inhibiting both suffocation 
and separation alarm systems. The opioidergic 
hypothesis of panic attacks relied on clinical and 
preclinical evidence of the crucial role of opioids 
in both respiration [ 43 – 45 ] and parental bonding 
[ 46 – 49 ]. The existence of suffocation and sepa-
ration alarm systems is still vividly debated in 
present time. 

 Competing theories propose that panic attacks 
are either the catastrofi zation of bodily symptoms 
by  cortically-mediated cognitive processes   [ 21 –
 23 ] or the mistaken activation of fear-like responses 
to proximal threats [ 50 – 52 ]. Although all these 
theories propose that panics are false alarms, fac-
tors triggering panics remain largely obscure.  

2.2     Idiosyncratic Features 
of Clinical  Panics   

 The core symptoms of  panic attacks   were largely 
conserved ever since they were fi rst described by 
Sigmund Freud in late eighteens (Table  2.1 ). 
Goetz et al. [ 53 ] found in addition that panickers 
rate their experience of LAC-induced panic as 
very much like the spontaneous panic attacks with 
respect to both quality (76 %) and severity (84 %) 
of symptoms. Although the patients reported that 
LAC-induced panics were at most moderate, the 
severity of panic attacks correlated mostly with 
desire to fl ee (0.70), fear of losing control (0.57), 
afraid in general (0.49) and dyspnea (0.48). 
Curiously, however, the ‘desire to fl ee’ is not 
included in clinical symptomatology (Table  2.1 ).

   The relationships of panic attack symptoms, 
including anticipatory anxiety, agoraphobia, and 
13 clinical symptoms of DSM-III-R, was investi-

gated by Shioiri et al. [ 55 ]. Cluster analysis revealed 
that panic symptoms are clustered in three groups: 
cluster A (dyspnea, choking, sweating, nausea, 
fl ushes/chills); cluster B (dizziness, palpitations, 
trembling or shaking, depersonalization, agorapho-
bia, and anticipatory anxiety); and cluster C (fear of 
dying, fear of going crazy, paresthesias, and chest 
pain or discomfort). Accordingly, whereas the clus-
ter A includes mostly respiratory symptoms, clus-
ters B and C include physiological and cognitive 
symptoms alike those of fear. 

 In particular, Perna et al. [ 56 ] examined the 
different types of dyspnea induced by 35 % CO 2  
challenges in patients with PD. Factor analysis 
identifi ed 3 main factors: breathing effort, sense 
of suffocation, and rapid breath. Factor scores for 
‘breathing effort’ and ‘sense of suffocation’ sig-
nifi cantly discriminated between patients who 
did and those who did not report CO 2 -induced 
panic attacks, respectively. Factor scores for 
breathing effort loaded signifi cantly for patients 
whose reaction resembled ‘unexpected’  panic 
attacks  . Authors suggested that although the 
sense of suffocation was linked to an increased 
sensitivity to CO 2 , it may not be the main factor 
of unexpected panic attacks. 

 These studies are in line with evidence amassed 
in the last decades suggesting that panics may be 
either respiratory or non- respiratory  , depending on 
the prominence of respiratory symptoms [ 57 ,  58 ]. 
The existence of two types of panic was corrobo-
rated by latent class analysis of the temporal sta-
bility, psychiatric comorbidity and treatment 
outcome in a large-scale epidemiological survey 
[ 59 ]. Data showed that while the temporal stability 
of panic subtypes was mainly observed in females, 
respiratory panics were associated with both the 
more severe forms of PD and the increased comor-
bidity with depression and other anxiety disorders. 
Yet, treatment outcome did not suggest that panic 
subtypes respond differentially to imipramine and 
alprazolam. The latter result disagrees from 
Klein’s [ 24 ] proposal that  panic sensitivity   to tricy-
clics and benzodiazepines parallel laboratory pan-
ics reminiscent of either asphyxia (as provoked by 
LAC, CO 2 , bicarbonate and isoproterenol) or fear, 
respectively (as provoked by yohimbine, fl umaze-
nil, benzodiazepine inverse agonists, caffeine and 
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methyl-phenylpiperazine). As well, Klein [ 24 ] 
suggested that more traumatic spontaneous panics 
stem primarily from mistaken signals of suffoca-
tion and are particularly benefi ted by selective 
serotonin (5-HT) reuptake inhibitors (SSRIs). 
Lastly, Klein [ 24 ] proposed that patients who 
panic during CO 2  inhalations have higher inci-
dence of panic and that respiratory-type panics are 
both specifi c to PD and distinct from fear. 

 Evidence of a two-type panic attack may 
explain why some neurobiological studies on 
panic focus on midbrain’s  periaqueductal gray 
matter (PAG)   [ 50 – 52 ,  60 – 62 ] while others empha-
size the amygdala [ 63 ,  64 ], the hypothalamus [ 65 , 
 66 ], or the locus coeruleus (LC) [ 67 ]. Moreover, 
whereas clinical studies emphasize respiratory-
type panics, most preclinical models equate panic 

to fear or, at the very best, to a proximal threat-
induced fear [ 50 ,  52 ,  68 ]. 

 Remarkably, however, Beitman and co- workers 
presented evidence of panic attacks devoid of fear 
[ 69 – 71 ]. In particular, Beitman et al. [ 69 ] showed 
that 12 of 38 cardiology patients with chest pain 
and current PD neither experienced intense fear, 
nor fear of dying, or of losing control, or of going 
crazy in their last major panic attacks [ 69 ]. 
Notably, as well, Fleet et al. [ 71 ] reported that 43 
of 104 cardiology patients with  pseudoangina   
were diagnosed as having PD (38 current, 5 past) 
as part of a prevalence study of panic in cardiology 
patients. Fleet et al. [ 70 ] also compared 48 ‘non-
fearful panic disorder’ (NFPD)    patients with 60 
PD patients and 333 controls at the time of 
admittance at emergency service and after a fol-

    Table 2.1    Symptoms of spontaneous and lactate-induced  panic attacks     

 Panic attack symptoms  Freud a   RDC b  

 Diagnostic and statistical manual c  

 ICD-10 d   API e   III  III-R  VI  V 
 Palpitations, pounding or 
tachycardia 

 +  +  +  +  +  +  +  + 

 Chest pain or discomfort  +  +  +  +  +  +  +  + 
 Dyspnea, shortness of breath  +  +  +  +  +  +  +  + 
 Sensations of smothering or 
choking 

 +  +  +  +  +  +  +  + 

 Trembling or shaking  +  +  +  +  +  +  +  + 
 Dizzy, unsteady, lightheaded, 
or faint 

 +  +  +  +  +  +  +  + 

 Fear of losing control or 
going crazy 

 +  +  +  +  +  +  +  + 

 Fear of dying  +  +  +  +  +  +  +  + 
 Paresthesias (numbness, 
tingling) 

 +  +  +  +  +  +  + 

 Sweating  +  +  +  +  +  +  + 
 Chills or hot fl ushes  +  +  +  +  +  + 
 Derealization, 
depersonalization 

 +  +  +  +  +  + 

 Nausea or abdominal distress  +  +  +  + 
 Diffi culty in concentrating  +  + 
 Diffi culty of speaking  +  + 
 Desire to fl ee  + 
 Feeling confused  + 

   a Freud [ 1 ] 
  b Research diagnostic criteria 
  c American Psychiatric Association (APA) 
  d World Health Organization (WHO) 
  e Lactate-induced symptoms in panicking patients relative to non-panicking controls [ 53 ] assessed by a 21-item modifi ed 

version of the Acute Panic Inventory of Dillon et al. [ 54 ]  
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low-up of approximately 2 years. Of note, a sig-
nifi cantly greater proportion of PD patients had 
comorbid GAD and agoraphobia relative to NFPD 
patients. At follow-up, NFPD patients, like PD 
patients, were still symptomatic and had not 
improved or had even worsened according to 
scores on self- report measures [ 70 ]. Authors sug-
gested that NFPD should be recognized as a vari-
ant of PD, both because of its high prevalence in 
medical settings and its poor prognosis. 

 In turn, the lack of increase in the secretion of 
‘stress hormones’ differentiates clinical panic not 
only from fear [ 72 ] but also from stress [ 73 ] and 
simple and social phobias [ 74 ,  75 ]. Even more 
remarkably, recent studies reported that fear- 
unresponsive  Urbach-Wiethe disease   patients with 
extensive bilateral calcifi cations of the amygdala 
develop panic both spontaneously [ 76 ] and in 
response to a tidal volume inhalation of 35 % CO 2  
[ 77 ]. These data add compelling evidence that panic 
is not fear nor does it require the participation of the 
amygdala. By contrast, recent human studies gave 
strong support to the participation of  ventromedial 
hypothalamus (VMH)   in panic attacks [ 78 ]. 

 Despite the above evidence, preclinical mod-
els very often overlooked the idiosyncratic fea-
tures of clinical panic, being validated mostly 
pharmacologically [ 50 ,  51 ,  60 ,  68 ]. 

 Because the participation of PAG in non- 
respiratory type of panic attacks was extensively 
reviewed elsewhere [ 51 ,  52 ], the following sec-
tions emphasize the role of the PAG and  dorso-
medial hypothalamus (DMH)   in the mediation of 
respiratory-type and LAC-evoked panic attacks. 
This approach does not exclude the eventual par-
ticipation of PAG-projecting neurons of the VMH 
in non-respiratory panic [ 78 ]. Neither does it 
exclude the participation of the amygdala, hippo-
campus and prefrontal cortex in comorbid antici-
patory anxiety and  agoraphobia  .  

2.3     Early  Neuroanatomical 
Models   of Panic Disorder 

 The fi rst neuroanatomical model of panic was pro-
posed by Gorman et al. [ 67 ]. This model states that 
panic attacks are the outcome of the increased activ-

ity of noradrenergic neurons of LC.  Gorman’s 
model   was based on both the panicogenic proper-
ties of  yohimbine   (an α 2 - adrenoceptor antagonist 
that increases the fi ring of LC) and the elicitation of 
panic-like behaviors by electrical stimulation of the 
LC, in humans and monkeys, respectively [ 79 – 81 ]. 
Moreover, whereas the exposure to CO 2  increased 
the LC activity [ 82 ], treatments with the α 2 -
adrenoceptor agonist clonidine and tricyclic panico-
lytics (imipramine, desipramine) reduced panic 
attacks [ 83 ,  84 ]. Further studies corroborated the 
CO 2  activation of LC neurons both  in vitro  [ 85 ] and 
 in vivo  [ 86 ]. The  noradrenergic hypothesis of PD   
was also supported by studies suggesting that the 
panicolytic effect of imipramine is due to the desen-
sitization of α-2 adrenoceptors [ 87 ,  88 ]. Moreover, 
Gorman et al. [ 67 ] proposed that the anticipatory 
anxiety of having a panic attack might be due to the 
‘kindling’ of parahippocampal gyrus brought about 
by an increased activity of LC. The latter argument 
was supported by evidence showing that treatments 
with traditional benzodiazepines block anticipatory 
anxiety while are ineffective in panic attacks [ 89 ], 
that LAC- induced panics are heralded by the activa-
tion of  parahippocampal gyrus   [ 90 ,  91 ] and that 
anxiety appears to be mediated by the  septo-hippo-
campal circuit   (for review, see Gray and 
McNaughton [ 92 ]). Gorman et al. [ 67 ] further spec-
ulated that phobic avoidance ( agoraphobia  ) is the 
outcome of the noradrenergic sensitization of learn-
ing mechanisms of prefrontal cortex. The latter 
argument was supported by data showing that PD 
patients that present avoidance-oriented coping 
strategies and fear of anxiety-related symptoms  are 
  more sensitive to anxiogenic effects of  yohimbine   
[ 93 ]. The panic circuits of prefrontal cortex and hip-
pocampus would in turn be the basis of the cogni-
tive therapy of PD. Gorman’s model is illustrated in 
Fig.  2.1a and b .

   The noradrenergic theory of PD was severely 
criticized by researchers arguing that the LC 
 mediates   arousal rather than panic ( pros  and 
 cons  reviewed in [ 63 ,  67 ]). Most notably, electri-
cal stimulations of the LC of humans that pro-
duced four- to ninefold increases in plasma 
levels of  norepinephrine (NE)   metabolites failed 
in eliciting any feeling of fear, anxiety, or dis-
comfort [ 94 ,  95 ]. 
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  Fig. 2.1    Gorman’s early ( a ,  b ) and revised ( c ) models of 
panic disorder. ( a ) Hypothesized mechanisms of panic 
attack onset. Gorman and collaborators emphasize the 
crucial role of both the chemosensitive areas of the 
medulla and the noradrenergic ascending projections of 
locus coeruleus (LC); ( b ) Hypothesized pathway of panic 
disorder anticipatory anxiety. Anticipatory anxiety would 

result from the noradrenergic sensitization (‘kindling’) of 
parahippocampal formation. Reciprocal connections of 
these circuits with prefrontal cortex would in turn be the 
basis of phobic avoidance (from [ 67 ], with permission); 
( c ) In the revised version, the core structure is the amyg-
dala (from [ 63 ], with permission)       

 At approximately the same time, the amygdala 
emerged as a crucial structure in brain processing of 
conditioned fear [ 96 – 98 ]. As a result, Gorman 
revised his theory shifting the focus from LC to the 
amygdala and its efferent connections to brainstem 
nuclei, including the LC itself [ 63 ] (Fig.  2.1 ). 
Accordingly, Gorman’s revised model considered 

the brainstem activations and associated autonomic 
responses as simply an ‘epiphenomenon’ of the 
activation of the amygdala.  Gorman’s panic 
amygdala model   was but profoundly discredited 
by recent studies showing that fear-unresponsive 
 Urbach-Wiethe disease   patients devoid of the 
amygdala develop panic attacks both spontaneously 

 

2 A Neural Systems Approach to the Study of the Respiratory-Type Panic Disorder

mp2285@cumc.columbia.edu



16

[ 76 ] and in response to 35 % CO 2  [ 77 ]. Remarkably, 
as well, besides being observed in the three rare 
patients with Urbach-Wiethe disease, the panic 
attacks of patients were more intense than the only 
panic attack recorded in 16 healthy controls. 
Accordingly, the Feinstein et al. [ 77 ] suggested that 
panic is mediated ‘at the brainstem’ in spite of the 
established role of the amygdala in fear and anxiety 
of both humans and animals. 

 In the meanwhile, researchers become gradu-
ally aware that electrical and chemical stimula-
tions of  periaqueductal grey matter (PAG)   produce 
aversive emotions in humans [ 99 – 101 ] and defen-
sive responses in animals [ 102 – 104 ] that bear a 
striking resemblance to panic attacks. Moreover, 
the SSRIs had begun to be widely prescribed not 
only for the treatment of depression, but also of 
anxiety and panic. Accordingly, in the late 1980s 
Graeff fi rst proposed that the PAG mediates panic 
attacks [ 105 ]. In a following study, Graeff further 
suggested that 5-HT had opposite actions in PAG 
(panicolytic) and  amygdala (anxiogenic)   [ 106 ]. As 
a consequence, in the early 1990s Deakin and 
Graeff [ 50 ] put forward a daring hypothesis 
according to which the brain ascending  serotoner-
gic   systems evolved as a mechanism primarily 
concerned with adaptive responses to aversive 
events. Briefl y, the  Deakin/Graeff Hypothesis 
(DGH)   suggested that whereas the GAD is pro-
duced by the overactivity of 5-HT excitatory pro-
jections from  nucleus raphe dorsalis (NRD)   to 
regions of the hypothalamus, amygdala and  pre-
frontal cortex (PFC)   that process distal/potential 
threats, the PD is the outcome of the malfunction-
ing of 5-HT inhibitory projections from NRD to 
dorsal regions of PAG ( DPAG  )    that process defen-
sive responses to innate fear, proximal threat and 
 asphyxia   (Fig.  2.2 ). As well, they proposed that 
whereas the NRD efferents to the amygdala facili-
tate avoidance from threat through the activation 
of 5-HT 2  receptors, NRD efferents to the  DPAG   
restrain fl ight/fi ght responses through the activa-
tion of both 5-HT 1A  and 5-HT 2  receptors (presum-
ably, in output neurons and GABA interneurons, 
respectively). As a consequence, Deakin and 
Graeff [ 50 ] postulated that anxiety inhibits panic. 
As well, the DGH stated that the stress-induced 
increase in  glucocorticoid secretion lead to depres-

sion by the impairment of 5-HT transmission at 
‘behavioral resilience system’. Specifi cally, the 
DGH states that depression is the outcome of a 
glucocorticoid- induced downregulation of 5HT 1A  
hippocampal receptors whereby the stressful 
events are uncoupled from daily life routines.

   The DGH was largely supported by animal data 
on both the pharmacology of  DPAG  -evoked panic-
like responses [ 51 ,  60 ] and the differential func-
tions of 5-HT ascending systems and receptors 
[ 107 ,  108 ]. The DGH was also supported by  posi-
tron emission tomography (PET)   studies of the 
brain activations in volunteers exposed to a virtual 
predator which was otherwise able to infl ict real 
shocks to the subject’s fi nger [ 62 ]. In particular, 
the latter study showed that as the predator 
approaches the prey, brain activations shift from 
prefrontal cortex/basolateral amygdala circuit to 
central amygdala/periaqueductal grey circuit that 
are the presumptive mediators of anxiety and 
panic, respectively. The participation of 5-HT 2  
receptors in anxiety was in turn endorsed by the 
rather specifi c localization of these receptors in 
ventral areas of the hippocampus [ 109 ] that receive 
dense inputs from  basolateral amygdala (BLA)   
[ 110 ]. Despite the several mechanistic proposi-
tions that remain to be confi rmed, the DGH pro-
vided a unifi ed framework for the SSRIs’ effi cacy 
of in multiple anxiety and affective disorders. 

 Plenty of evidence suggests, on the other 
hand, that panic is modulated by multiple trans-
mitters, including not only 5-HT, but also  gamma- 
aminobutyric acid (GABA)  ,  norepinephrine 
(NE)  ,  cholecystokinin (CCK)  , and opioids, 
among other candidates. Moreover, the putative 
panicolytic action of high-potency  benzodiaze-
pines   (alprazolam and clonazepam) is compel-
ling evidence of the prominent role of GABA-A/
benzodiazepine (GABA/BZD) transmission. The 
involvement of the GABA-A/benzodiazepine 
receptor was also supported by data showing that 
the intravenous injection of the benzodiazepine 
antagonist fl umazenil precipitates panic attacks 
in PD patients but not in healthy subjects [ 111 ]. 
Rather than  the   antagonism of a long-sought 
endogenous BZD, Nutt et al. [ 111 ] suggested that 
PD patients express a GABA/BZD receptor in 
which the fl umazenil acts as an inverse agonist. 
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  Fig. 2.2    The Deakin-Graeff Hypothesis.  Top panel : In the 
early 1990s, Deakin and Graeff [ 50 ] suggested that 
whereas the generalized anxiety disorder is produced by 
the overactivity of 5-HT ( black arrows ) excitatory projec-
tions of  dorsal raphe nucleus (DRN)   to areas of  prefrontal 
cortex (PFC)   and basolateral amygdala (BLA) that process 
distal threat, panic attacks would be the result of a dysfunc-
tion of 5-HT inhibitory projections to dorsal regions of 
periaqueductal grey matter ( DPAG  ) that process responses 
to proximal threat, innate fear, or hypoxia. They also pro-
posed that confl ict anxiety is the outcome of the simultane-
ous activation of 5-HT and dopamine projections ( yellow 
arrows ) from DRN and ventral tegmental area (VTA) tar-
geting the striatum that mediate avoidance and approach 

behaviors (STR), respectively.  Bottom panel : Deakin and 
Graeff [ 50 ] also proposed that 5-HT efferents from the 
 median raphe nucleus (MRN)   to the hippocampus are the 
substrate of a behavior resilience system that uncouples 
stressful events from daily life routine. Stress-increased 
glucocorticoid plasma level downregulation of 5-HT 1A  
receptors of the hippocampus would result in learned help-
lessness and depression. Other abbreviations:  BLA  basolat-
eral amygdala,  BNST  bed nucleus of stria terminalis,  CeA  
central amygdala,  CRH  corticotrophin releasing hormone, 
 ENT  nucleus entopeduncularis (internal pallidum);  HYP  
hypothalamus,  LHb  lateral habenula;  PVN  paraventricular 
nucleus of hypothalamus,  S  septum (from Schenberg 
[ 259 ], with permission)       
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However, while the  fl umazenil   is reportedly an 
agonist in some variants of GABA/BZD recep-
tors, there is no evidence of its action as an 
inverse agonist [ 112 ,  113 ]. Conversely, however, 
other studies reported that fl umazenil neither pre-
cipitates panic attacks, nor facilitates panics 
induced by LAC [ 114 ,  115 ] (but see reply of 
Potokar et al. [ 116 ]). The high-potency benzodi-
azepines could also compensate a pathological 
reduction in GABA/BZD receptor binding in PD 
patients as suggested by clinical [ 117 – 119 ] and 
preclinical studies [ 65 ,  66 ]. Lastly, Preter and 
Klein’s [ 27 ] hypothesis that panics are the due to 
the malfunctioning of the opioid buffering of 
both the suffocation and the separation alarm sys-
tems was supported by LAC elicitation of hyper-
ventilation in healthy volunteers pretreated with 
naloxone [ 120 ]. Although the subjects of the lat-
ter study did not panic, the opioid participation in 
panic attacks was also supported by preclinical 
studies showing that SSRIs’ panicolytic effects 
may be due to an interaction of 5-HT and opioid 
transmission at  DPAG   [ 121 ,  122 ]. 

 Whatever the transmitter involved, it is note-
worthy that fear from suffocation was barely 
mentioned in DGH. As well, the role of early-life 
stress was not addressed in spite of the acknowl-
edged importance of childhood environment in 
the late development of maladaptive behaviors 
[ 3 ,  11 ,  123 – 125 ]. As a matter of fact, preclinical 
evidence showed that neonatally-isolated adult 
rats show augmented responses of  hypothalamus- 
pituitary- adrenal (HPA) axis   to stressful stimuli 
[ 126 – 132 ]. In contrast, adult rats handled as neo-
nates present augmented resilience to stress, as 
shown by the reduced neuroendocrine responses 
and increased expression glucocorticoid recep-
tors of the hippocampus that mediate the feed-
back inhibition of HPA  axis   [ 133 ]. Notably, as 
well, it appears that decreases [ 134 – 136 ] or 
increases [ 133 ] in behavioral resilience are 
accompanied by parallel changes in both 5-HT 1A  
receptor expression in the hippocampus and 
5-HT turnover in frontal cortex  and   hippocam-
pus, respectively. Recent data also showed that 
neonatally-isolated adult rats present facilitations 
of both panic responses to electrical stimulation 
of the PAG [ 137 ] and respiratory responses to 

hypoxia (in males) and hypercapnia (in females) 
[ 37 ,  132 ,  138 ]. Because the HPA  axis   is hyperac-
tive in neonatally-isolated adult rats, Dumont 
et al. [ 138 ] suggested that early-life stress pro-
gramming of HPA  axis   predisposes the subject to 
the later development of PD. The latter studies 
are setting the stage for an eventual bridging of 
SFA, SAH and DGH.  

2.4     The Suffocation False Alarm 
Theory: Facts and Questions 

 Klein’s  SFA theory      was heavily based on both the 
respiratory symptomatology of PD and the pani-
cogenic effects of respiratory metabolites CO 2  
and LAC [ 24 ,  25 ,  27 ]. The theory was also mark-
edly infl uenced by the paradoxical fi nding that 
LAC infusions produce hyperventilation [ 13 ] 
against a background of metabolic alkalosis pre-
sumptively due to LAC conversion to bicarbon-
ate [ 139 ]. As a result, the metabolic alkalosis is 
further aggravated by the respiratory alkalosis. 
Besides showing that LAC-induced hyperventila-
tion is mediated by mechanisms distinct from 
those of eupnea, the latter data suggested that 
LAC-induced panic attacks are secondary to a 
central hypercarbia brought about by bicarbonate 
breakdown to CO 2  and water [ 140 ]. Bicarbonate 
infusion proved this  incorrect   since only patients 
who panicked showed signifi cant hyperventila-
tion, as indicated by a precussor fall in arterial 
partial pressure of CO 2  (PaCO 2 ). Conversely, 
non-panickers showed increased PaCO 2  in spite 
of hyperventilating [ 140 ]. These data suggested 
that panic attacks cannot be ascribed to a central 
hypercarbia secondary to the peripheral increased 
level of bicarbonate. The eventual role of central 
hypercapnia in LAC-induced panics was never-
theless discredited by the unanticipated fi nding 
that  d -LAC produces panic, hyperventilation and 
respiratory alkalosis in spite of not being metabo-
lized [ 141 ] (note, however, that studies showed 
that mammals are able to metabolize up to 75 % 
 d -LAC 5 times slower than they do for  l -LAC 
[ 142 ]). Taken together, the above fi ndings sug-
gested a crucial role of alkalosis, the common 
effect of  d - and  l -LAC infusions, bicarbonate 
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infusion and hypoxia. To rule out the likely effect 
of alkalosis, Gorman et al. [ 13 ] carried out a 
study in which the panic patients were asked to 
hyperventilate a 5 % CO 2  mixture. Unexpectedly, 
however, patients panicked more during hyper-
carbia than in room air in spite of the lack of alka-
losis in the former condition. Accordingly, in a 
preliminary presentation of SFA  theory  , Klein 
[ 25 ] suggested that the infusion of racemic LAC 
produces panic by two synergistic mechanisms, 
 d -LAC producing a pseudo-hypoxia and  l -LAC, 
both pseudo-hypoxia and central hypercapnia. 
Because the blood-brain barrier of humans is per-
meable to both LAC isomers [ 143 ,  144 ], Klein 
added that the exogenously administered LAC 
might mimic the fast increase of brain LAC dur-
ing asphyxia, triggering a panic attack [ 24 ,  25 ]. 
These and other evidence led Klein [ 24 ,  25 ] to 
propose that clinical panic is due to the misfi ring 
of an ‘ integrated suffocation monitor ’ that detects 
both the increases in PaCO 2  and decreases in 
arterial partial pressure of O 2  (PaO 2 ), and changes 
in LAC and pH blood level as well. Klein [ 24 ] 
also suggested that the suffocation alarm system 
assess the level of muscular exertion while evalu-
ating the LAC blood levels. Indeed, running not 
only fails in precipitating panic attacks [ 145 ] but 
also aborts panic [ 146 ], presumably, by provid-
ing countervailing information to the suffocation 
alarm system [ 24 ]. The existence of an integrated 
suffocation monitor was further supported by 
studies showing that PD patients are also hyper-
sensitive to hypoxia [ 147 ]. 

 However, while suffocation is most often 
understood as the prevention of air from entering 
the lungs,  asphyxia   is generally defi ned as the 
local or systemic defi ciency of O 2  and excess of 
CO 2  in living tissues. Therefore, it remains unclear 
whether panic attacks are triggered by hypoxia or 
hypercapnia alone, or require both conditions of 
asphyxia (‘integrated suffocation monitor’). 
Indeed, even though the high-altitude illness lacks 
panic symptoms [ 148 ], high-altitude travelers 
eventually report limited-symptom panic attacks 
during sleeping when hypoxia is further aggra-
vated by hypercapnia [ 149 ].    Additionally, it is 
unclear whether suffocation and asphyxia neces-
sarily elicits ‘hunger for air’ and ‘desire to fl ee’. 

For instance, it is a well known fact that tissue 
hypoxia by inhalation of carbon monoxide (CO) 
(the ‘silent killer’) is devoid of both feelings of 
asphyxia and desire to escape. 

 Epidemiological studies suggest, on the other 
hand, that panic is infl uenced by both genes and 
environment. Although there is a fairly estab-
lished consensus that early-life stress [ 150 ,  151 ] 
and  CSA   [ 10 ,  24 ,  27 ,  36 ,  37 ,  42 ,  152 ] predisposes 
the subject to PD, existing evidence is neverthe-
less mixed, either corroborating [ 153 ] or disprov-
ing [ 41 ] the SAH. 

 Epidemiological studies also showed that pan-
ics are highly comorbid with depressive disorders 
and twice more frequent in women [ 154 ]. That 
the higher incidence of panic in women is due to 
 sex hormones   is shown by the reduced frequency 
of  panic attacks   either before puberty or after 
menopause. Panic attacks are also more frequent 
and severe during the late luteal (premenstrual) 
phase (the sex-dependent features of panic were 
reviewed by Lovick [ 155 ]). Yet, there are few 
animal studies addressing the comorbidity of 
panic with other psychiatric disorders.  

2.5     Face Validity of Dorsal 
Periaqueductal Grey Matter 
Mediation of  Panic Attacks   
in Humans 

 The pioneering studies of Nashold et al. [ 99 ,  156 ] 
provided the best description of feelings and sen-
sations produced by electrical stimulations of 
human PAG. These studies were carried out in 12 
subjects without a history of psychiatric disorders 
who were chronically implanted with 34 elec-
trodes into the dorsal midbrain. Data showed  that 
  electrical stimulations of the PAG produce anxi-
ety, panic, terror and feelings of imminent death, 
along with marked visceral responses that are a 
faithful reproduction of the core symptoms of 
panic attacks. In particular, Nashold et al. [ 156 ] 
reported that electrical stimulations “ in or near 
the lateral edge of the central grey resulted in 
strong reactions in most patients. Feelings of fear 
and death were often expressed. Autonomic acti-
vation such as the contralateral piloerection and 
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sweating, increase in the pulse and respiratory 
rate, blushing of the entire face and neck,…were 
also noted ’. At higher intensities, a subjected 
reported that fear “ was so unpleasant that she was 
not willing to tolerate repeated stimulations ” 
[ 99 ]. Even the most peculiar neurological symp-
toms of panic, such as tremor and chest pain, were 
produced by the PAG stimulations. These obser-
vations were in line with prior studies reporting 
that patients stimulated in the medial sites of the 
mesencephalic tectum complained of a “ choking 
feeling referred into the chest ” (in Spiegel and 
Wycis, 1962, as cited by Nashold et al. [ 99 ] which 
is a cardinal symptom of  panic attacks   [ 53 ]. As 
confi rmed by X-ray analyses, sites effective in 
producing these symptoms were found into the 
PAG but not in the nearby tegmentum 5 mm 
beyond the aqueduct [ 99 ]. Ever since the panic-
like effects of PAG stimulations were confi rmed 
by several groups [ 100 ,  101 ,  157 ]. In particular, 
Amano et al. [ 100 ] reported that during a surgery 
for pain relief, a patient stimulated in the PAG 
uttered ‘ somebody is now chasing me, I am trying 
to escape from him ’. In agreement with the latter 
observation, the severity of LAC- induced panic is 
robustly correlated with the ‘desire to fl ee’ [ 53 ]. 
The isomorphism of the PAG-evoked responses 
and human panic attacks, either spontaneous or 
induced by LAC, is shown in Table  2.2 .

2.6        The  Periaqueductal Grey 
Matter   of the Midbrain: 
A Likely Substrate 
of Respiratory-Type Panic 
Attacks 

 In humans, the sites which stimulation provoked 
panic reactions were localized within 5 mm from 
the aqueduct [ 99 ,  101 ] into the dorsal half of the 
PAG [ 156 ]. However, the PAG is far from homo-
geneous. Traditionally, this structure is regarded 
as four functionally specialised columns extend-
ing for varying distances along the aqueduct, 
namely, the dorsomedial ( DMPAG  ), dorsolateral 
( DLPAG  ), lateral (LPAG)    and ventrolateral 
(VLPAG)    columns [ 158 – 163 ]. The abundant 

intrinsic connections suggest, on the other hand, 
that columns are not independent [ 164 ]. Indeed, 
existing evidence suggests that rat defensive 
behaviors are controlled by a concerted though 
differentiated activity of  DMPAG  ,  DLPAG   and 
 LPAG   generally confl ated as the ‘dorsal PAG’ 
(DPAG)    [ 162 ,  165 ]. On the other hand, it is uncer-
tain whether the PAG columns show further spe-
cializations along their length. For instance, the 
caudal regions of  DPAG   appear to present 
increased sensitiveness to agonists of  N -methyl-  D -
aspartic acid receptor [ 166 ]. Moreover, whereas 
the rostral  LPAG   (LPAGr) does most connections 
with forebrain [ 167 ], the caudal  LPAG   does it 
with the medulla [ 162 ,  168 ]. Additionally, the 
 VLPAG   harbor multiple transmitter nuclei in spite 
of its shorter length. It is worth noting that the 
PAG is also parcelled out according to a cell den-
sity-increasing gradient in juxtaqueductal, medial 
and peripheral regions [ 162 ]. 

  The   traditional subdivision of the PAG was 
revised based on the immunocytochemistry for 
acetylcholinesterase (AChE), NADPH diaphorase 
(NADPHd), tyrosine hydroxylase (TH) and 5-HT, 
among other markers [ 169 ]. Besides corroborat-
ing the NADPHd specifi c staining of  DLPAG   
[ 170 ], Ruiz-Torner et al. [ 169 ] showed that the 
 LPAG   differs from the  VLPAG   in that the former 
is markedly stained for AChE. Additionally, they 
showed that the medial sectors of  LPAG   and 
 VLPAG   makes up a single neurochemical entity 
herein termed the  central PAG (CePAG)  . As well, 
Ruiz-Torner et al. [ 169 ] proposed that the medial 
 VLPAG   displaces the  LPAG   at caudalmost levels 
of PAG (−8 mm from bregma). As a result, 
whereas the caudal regions of medial  VLPAG   
occupy the entire expanse of former  LPAG  , the 
caudalmost region of the  LPAG   is now in a dorso-
lateral region neighbour to the remnants of 
 DLPAG  . Evidence below discussed suggests that 
the CePAG and, perhaps, LPAGr, are crucial 
mediators of respiratory-type panic attacks. As a 
matter of fact, the CePAG is the only PAG region 
targeted by afferents from  nucleus tractus solitar-
ius (NTS)   [ 171 ,  172 ]. 

 It is also noteworthy that although the cau-
dalmost sectors of  VLPAG   are believed to play 

L.C. Schenberg

mp2285@cumc.columbia.edu



21

a crucial role in conditioned freezing to a 
stimulus previously paired to a shock [ 96 ,  97 , 
 173 ], the low-magnitude stimulation of 
 VLPAG   and/or NRD appear to inhibit the 
 DPAG   [ 174 – 179 ], being even rewarding in 

both rats [ 180 ] and humans [ 101 ]. As dis-
cussed in following sections, plenty of evi-
dence suggests that panic attacks may be the 
result from the  VLPAG   deficient inhibition of 
PAG output neurons.  

    Table 2.2     Isomorphism of panic attacks      in humans and stimulation of dorsal periaqueductal gray matter of both 
humans and rats   

 Spontaneous or lactate-induced 
panic attacks in humans 

 Stimulation of dorsal 
periaqueductal gray 
matter in humans 

 Stimulation of dorsal 
periaqueductal gray 
matter in rats 

 Feelings/behaviour  Severe anxiety, panic, terror  Fearful, frightful, terrible  Strong aversion 
 Intense discomfort  Intense discomfort  – 
 Desire to fl ee  Beg to switch-off 

stimulus 
 Flight behaviour 

 “Block while walking”  n.a.  Freezing 
 Diffi culty in doing job  n.a.  Freezing 
 Choking  Choking  – 
 Fear of dying  “Scare to death”  – 
 Diffi culty in speaking  Speech arrest  – 
 Fear of going crazy  n.a.  – 
 Fear of losing control  n.a.  – 
 Feeling confused  n.a.  – 
 Dizziness/lightheadness  n.a.  – 
 Diffi culty in concentration  n.a.  – 
 Faintness  n.a.  – 

 Autonomic 
 responses 

 Dyspnoea  Dyspnoea, apnoea  Dyspnoea 
 Tachypnoea  Tachypnoea  Tachypnoea 
 Hyperventilation  Hyperventilation  Hyperventilation 
 Diffi culty in deep breathing  Sighs, deep breaths  Deep breaths 
 Palpitation  Palpitation  Tachycardia 
 Hypertension  n.a.  Hypertension 
 Sweating  Sweating contralateral  n.a. 
 –  Wide-open eyes  Exophthalmus 
 –  Bladder voiding urge  Micturition, defecation 
 –  Blush in face  – 
 –  Piloerection contralateral  n.o. 

 Endocrine 
 responses 

 No  prolactin    n.a.  No  prolactin   
 No corticotrophin  n.a.  No corticotrophin 
 No cortisol  n.a.  No corticosterone 

 Neurological responses/
paresthesias 

 Sensation of tremor  Sensation of vibration  – 
 Chest pain  Chest and heart pain  – 
 Numbness  Numbness  – 
 Chills or hot fl ushes  “Burn/cold” sensations  – 
 n.a.  Face pain  – 

 Brain areas activated  Dorsal periaqueductal gray, deep 
layers of superior colliculus, 
amygdala 
 (PET) 

 Dorsal periaqueductal 
gray and adjacent tectum 
(0–5 mm lateral to 
aqueduct) 
 (X-rays) 

 Dorsal periaqueductal 
gray, deep layers of 
superior colliculus 

  Abbreviations:  n.a.  not available,  n.o.  not observed (see text for references)  
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2.7     Neuroanatomical Basis 
of Respiratory-Type  Panic 
Attacks   

 Breathing is controlled by a widespread network 
involving structures ranging from caudal medulla 
to anterior hypothalamus, limbic system and cortex 
[ 181 ]. In caudal medulla, the nucleus tractus soli-
tarius (NTS) is the recipient of glossopharyngeal 
afferents conveying blood gas signals from periph-
eral chemoreceptors [ 182 ]. The respiratory drive is 
also critically dependent on the chemosensitive 
neurons of the ventral surface of the medulla which 
monitor pH and CO 2  tissue levels [ 183 – 186 ]. The 
NTS second-order neurons project both to ventral 
respiratory nuclei of the medulla that control 
phrenic nerve activity [ 181 ] and to suprapontine 
nuclei that control behavioral and endocrine 
responses, including the central amygdala (CeA), 
the paraventricular nucleus of the hypothalamus 
(PVN) [ 187 ] and the CePAG [ 171 ,  172 ]. Projections 
to the hypothalamus, limbic structures and cortex 
also appear to be involved in thermoregulatory, 
emotional, and volitional aspects of respiration, 
respectively [ 181 ]. Peripheral and central chemore-
ceptors act  in   concert to maintain the arterial PaO 2  
and PaCO 2  at appropriate levels (i.e., 95 mmHg 
and 40 mmHg, respectively). 

2.7.1           Psychophysics of Asphyxia 

 Although the blood/brain gases are continuously 
monitored by both peripheral and central chemo-
receptors, panic attacks occur in room-air condi-
tions, being very rare in healthy people. 
Accordingly, the SFA  theory   presumes that the 
suffocation alarm system and chemoreceptors 
may operate separately under specifi c circum-
stances. The eventual uncoupling of these sys-
tems might give way to panic attacks either 
spontaneous or induced by chemicals such as 
LAC, CO 2 , CCK, β-carbolines and others. These 
considerations raise the question about the condi-
tions whereby the suffocation alarm system is 
uncoupled from chemoreceptors. 

 Although the physiology teaches us that ‘ man 
is not endowed with any sensory perception of 

hypoxia that might alert him to impending dan-
ger ’ [ 188 ], Moosavi et al. [ 189 ] showed that 
hypercapnia and hypoxia are equally potent in 
producing hunger for air in healthy subjects 
matched by ventilatory drive (i.e., at fi xed respi-
ratory rate, tidal volume and CO 2  blood level). 
Similarly, Beck et al. [ 147 ] showed that PD 
patients have increased sensitivity to both hyper-
capnia and hypoxia relative to healthy controls. 
These data are consonant with an integrated suf-
focation alarm system endowed with the capabil-
ity to translate major respiratory inputs (H + /CO 2 , 
PaO 2 ) and, possibly, LAC blood levels, into panic 
attacks [ 24 ,  27 ,  42 ]. 

 Because dyspnea (uncomfortable and/or irreg-
ular breathing) is the leading symptom of clinical 
panic [ 53 ], the SFA  theory   predicts that panic 
attack effectors might also be physiologically acti-
vated by degrees of hypoxia and/or hypercapnia 
that give rise to manifest feelings of either breath-
lessness or hunger for air in both patients and vol-
unteers. In mechanically ventilated humans, 
hunger for air is provoked at CO 2  alveolar partial 
pressure (PACO 2 ) of 43 mmHg, i.e., only 4 mmHg 
above the normal CO 2  end-tidal partial pressure 
(P ET CO 2 ). In turn, the P ET CO 2  of 50 mmHg  pro-
duces      unbearable hunger for air [ 190 ]. 

 Although the human low tolerance to increases 
in PACO 2  endorses the key role of CO 2  in the elic-
itation of feelings of suffocation and, probably, 
clinical panic, Banzett et al. [ 190 ] showed that the 
subjective symptoms of dyspnea do not correlate 
with ventilatory responses to CO 2 . Moreover, 
whereas the hypoxia (P ET O 2  of 60–75 mmHg) 
reduced CO 2  sensitivity and tolerance by only 
2 mmHg, hyperventilation produced robust reduc-
tions in hunger for air at any P ET CO 2 , increasing 
CO 2  tolerance threshold by 5 mmHg while 
decreasing CO 2  sensitivity by 50 % [ 190 ]. In par-
ticular, mechanically-evoked hyperventilation 
reduced hunger for air even when patients hyper-
ventilate in isocapnic conditions. Studies carried 
out with subjects either curarised or quadriplegic 
showed, on the other hand, that pulmonary mech-
anoreceptors play a minor role in respiration-
induced decrease of hunger for air [ 191 ,  192 ]. 
These latter data support the central mediation of 
the breathing-induced reduction in hunger for air. 
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This mechanism could be the basis of the tradi-
tional practice of treating panic attacks by having 
the patients rebreathing into a brown paper bag. 
Although this technique was formerly explained 
as a compensation of panic-evoked respiratory 
alkalosis, other studies showed that the eventual 
benefi ts are secondary to patient’s distraction [ 13 ] 
and/or expectation [ 193 ]. 

 Although the dissociation of hunger for air and 
ventilatory responses to CO 2  [ 190 ] suggests the 
relative independence of underlying mechanisms, 
the cognitive (cortical) hypotheses state that feel-
ings of hunger for air arise from the forebrain pro-
cessing of ‘corollary discharges’ (or ‘efferent 
copies’) of respiratory motor neuron activity [ 191 , 
 194 ]. If so, the intensity of hunger for air should 
parallel the respiratory responses to both hypoxia 
and hypercapnia. Because sustained hypoxia pro-
duces a sharp ventilatory increase followed by a 
slow decay, Moosavi et al. [ 194 ] tested the ‘corol-
lary discharge’ hypothesis by comparing the time 
course of hunger for air during  isocapnic hypoxia   
in either freely- breathing or mechanically-venti-
lated healthy subjects. As predicted, during sus-
tained hypoxia, there was a sharp increase in 
hunger for air followed by a progressive decline, 
mirroring the biphasic pattern of respiratory 
response. Otherwise, the parallel time course of 
respiration and dyspnea could be explained by the 
parallel processing of chemoreceptor inputs at 
respiratory centers of the medulla and suffocation 
alarm circuits elsewhere in the brain, respectively. 

 As well, the ‘corollary discharge’  hypothesis   
was tested in patients with  congenital central 
hypoventilation syndrome (CCHS)   [ 195 ]. 
Spengler et al. [ 195 ] took advantage that CCHS 
patients hyperventilate during exercise while 
lacking CO 2 -evoked respiratory (hyperventila-
tion) and subjective (hunger for air) responses. 
The ‘corollary discharge’ hypothesis predicts 
that CCHS patients would experience normal 
levels of ‘shortness of breath’ during constant- 
load exhausting cycling. Conversely, however, 
CCHS patients showed reduced breathlessness 
relative to controls. Thus, whereas the hyperven-
tilation of CCHS patients was reduced in only 
37 % relative to controls, the hunger for air was 
reduced in 75 % as shown by the area under the 

curve of hyperventilation and hunger for air 
[ 195 ]. However, CCHS patients who exercised 
heavily and increased respiratory activity as 
much as controls reported ‘ some sensation akin 
to shortness of breath ’. Therefore, Spengler et al. 
[ 195 ] concluded that this study ‘ failed to dis-
prove the corollary discharge hypothesis ’. An 
alternative interpretation suggests, however, that 
both ‘hunger for air’ to hypercapnia and ‘short-
ness of breath’ to exercise depend on the activa-
tion of a CO 2 -sensitive suffocation alarm system. 
In the same vein, CCHS patients reported no res-
piratory discomfort during either  the      CO 2  inhala-
tion or the maximum breath hold which was 
signifi cantly longer than that of controls [ 196 ]. 
Taken together, these studies make unlikely the 
‘corollary discharge’ hypothesis. 

 Although Banzett et al. [ 191 ,  197 ] proposed 
that feelings of hunger for air are processed at 
primary interoceptive  posterior insular cortex 
(PIC)   [ 198 ,  199 ], recent studies in rats showed 
that neither the escape nor the cardiovascular 
responses to severe hypoxia (8 % O 2 ) were atten-
uated following chemical inactivations of PIC 
(i.e., the dorsal bank of perirhinal cortex) [ 200 ]. 
Casanova et al. [ 200 ] showed in addition that 
whereas the 8 % hypoxia did not change c-fos 
immunoreactivity in PIC, it produced robust 
labeling in both NTS and  DPAG  . 

 Although Klein [ 24 ] suggested that the suffoca-
tion alarm system might be activated by toxic 
gases as well, exposures to CO neither activate the 
peripheral chemoreceptors nor produce the panic 
responses. Peripheral chemoreceptors are actually 
inhibited by low concentrations of CO [ 201 ]. 
Although the lack of defensive responses to CO 
(the ‘silent killer’) supports the crucial role of 
peripheral chemoreceptors in behavioral responses 
to both hypoxia and hypercapnia, existing evi-
dence suggests that PD patients present normal 
thresholds and sensitivities of central and periph-
eral chemoreceptors [ 202 ]. Accordingly, the pre-
sumptive abnormality of the suffocation alarm 
system appears to reside in supramedullary struc-
tures that do not participate in the respiratory 
refl exes of eupnea. The  brain      defence structures 
deployed along the brainstem axis are thus in a 
strategic position to mediate a panic attack.  
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2.7.2     Neuroimaging ‘Hunger for Air’ 
in Humans 

 Despite the low spatial resolution of PET studies 
of  hypercapnia  , these studies provide valuable 
information regarding the major structures of the 
suffocation alarm system of humans. To increase 
spatial resolution, PET studies are often per-
formed with co-registration of  magnetic reso-
nance imaging (MRI)   of suprapontine structures 
of healthy volunteers that presented defi nite feel-
ings of suffocation, breathlessness or hunger for 
air during the inhalation of CO 2  [ 203 – 205 ]. In 
particular, Brannan et al. [ 204 ] compared the 
PET scans in hypercapnia (8 % CO 2 /92 % O 2 ) and 
hyperoxia (9 % N 2 /91 % O 2 ). Compared to hyper-
oxia, CO 2  produced the specifi c activation of a 
vast array of cortical or subcortical structures in 
one or both sides of the brain. In particular, CO 2  
produced signifi cant increases in the  regional 
cerebral blood fl ow (rCBF)   in the pons, PAG, 
midbrain tegmentum, hypothalamus, amygdala, 
sublenticular region, hippocampus (BA28) and 
parahippocampal areas (BA20/36), subgenual 
anterior cingulate cortex (sgACC, BA24), fusi-
form gyrus (BA19/37), middle temporal gyrus 
(BA9),  anterior insular cortex (AIC)  , pulvinar, 
putamen/caudatum, and several sites in the mid-
line and lateral cerebellum. In addition, the acti-
vated areas possibly involved the LC, the 
 parabrachial area (PBA)  , and NRD. Conversely, 
there were signifi cant deactivations in the dorsal 
anterior cingulated cortex (dACC, BA24), poste-
rior cingulate cortex (PCC, BA23/31) and lateral 
prefrontal cortex (PFC, BA9/46). 

 Structures activated during both LAC- and 
CCK-induced panic attacks were but a small subset 
of the network associated with breathlessness and 
hunger for air in hypercapnia [ 205 ,  206 ]. Most nota-
bly, the only regions activated in both hypercapnia 
and LAC-induced panic attacks were the sgACC, 
the insula, the hypothalamus, the midline cerebel-
lum, the  deep layers of superior colliculus (DLSC)   
and, possibly,  DPAG   and LC. Remarkably, the tem-
poropolar cortex was activated by both the LAC 
infusion [ 206 ] and the CO 2  inhalation [ 205 ]. The 
employment of high- resolution MRI coupled with 
PET in the latter study makes unlikely the mistaken 

activation of temporopolar cortex due to changes in 
extracranial blood fl ow reported in CCK-induced 
panic attacks [ 207 – 209 ]. However, whereas the 
insula/claustrum were regularly activated in LAC- 
and CCK-induced panic attacks, the temporopolar 
cortex and parahippocampal gyrus were also acti-
vated during anticipatory anxiety in both volunteers 
and panickers [ 210 ]. Accordingly, the activation of 
the temporopolar cortex is most probably due to 
anticipatory anxiety and not panic itself. 

 Recently, Goossens et al. [ 211 ] examined the 
CO 2 -evoked brain activations in panic patients, 
healthy volunteers and experienced divers show-
ing decreasing sensitivity to CO 2 . Patients 
exposed 2 min to hyperoxic hypercapnia (7 % 
CO 2 / 93 % O 2 ) showed increased brainstem acti-
vations relative to both controls and divers in 
spite of showing the same P ET CO 2  and respiratory 
rate (changes in tidal volume were not reported). 
Data also showed that although the PIC activa-
tions did not differ signifi cantly, AIC activations 
correlated with subjective feelings of dyspnea 
(breathing discomfort), being more intense in 
patients. Authors also suggested that the lack of 
differences in PIC was due to the exposure of all 
groups to the same gas mixture. The differential 
activation of AIC in PD patients relative to the 
other groups adds further evidence of the key role 
of this structure in conscious awareness of the 
physiological state our body [ 198 ,  199 ]. Of note, 
the employment of a hyperoxic mixture makes 
unlikely the contribution of peripheral chemore-
ceptors to CO 2  activations of above areas. 

 Although Goossens et al. [ 211 ] did not fi nd 
signifi cant activations in either the PAG or the LC 
of subjects exposed to 2-min 7 % hypercapnia, 
Teppema et al. [ 86 ] reported marked activations 
in  VLPAG   of rats exposed to 2-h 15 % hypercap-
nia. Because  VLPAG   activations were not attenu-
ated by hyperoxia (60 % O 2 /15 % CO 2 ), the 
peripheral chemoreceptors seems not involved as 
well. The lack of activation of  VLPAG   of humans 
exposed to hypercapnia [ 211 ] should be ascribed 
to either the short exposure to CO 2  (2 min) or the 
inherent diffi culty of brainstem scans. 

 Remarkably, however, a pontine region compat-
ible with  nucleus raphe magnus (NRM)   was mark-
edly activated in both rats and humans [ 86 ,  211 ]. 
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These fi ndings are consonant with a recent study 
that employed engineered chemogenetic silencing 
allele to target the expression of a DREADD 
( designer receptor exclusively activated by 
designer drug ) inhibitory receptor in mouse 
embryo rhombomeres that give rise to 5-HT spe-
cifi c nuclei of the brainstem [ 212 ]. Results showed 
that the full development of the ventilatory response 
to hypercapnia in conscious mice requires a NRM 
specifi c cell lineage that is sensitive to small 
changes in brain PaCO 2 /pH. Brust et al. [ 212 ] 
showed in addition that although these cells con-
tribute to CO 2  chemosensitivity, they do not partici-
pate in respiratory motor responses. It is 
nevertheless noteworthy that stimulations of NRM 
of rats failed in producing panic-like behavioral 
and cardiorespiratory responses [ 213 ,  214 ]. Much 
the opposite, chemical stimulations of both NRM 
and nucleus raphe obscurus (NRO) produced long-
lasting inhibitions of cardiovascular (NRM, NRO) 
and respiratory (NRO) responses elicited by elec-
trical stimulation of  DLPAG   of the anesthetized rat 
[ 214 ]. Interestingly, as well, whereas the  VLPAG   
receives most 5-HT afferents from NRM, the 
 DPAG   does it from NRD, NRO,  nucleus raphe 
pontis (NRPo)  , and nucleus raphe medianus 
(NRMn) [ 215 ]. The CO 2  activations of NRM could 
in turn modulate the  DPAG  -projecting neurons of 
 VLPAG   as discussed in following sessions.  

2.7.3     c-Fos Immunohistochemistry 
Studies Reveal a Limited 
Number of Structures 
Activated by Hypoxia or 
Hypercapnia 

 Because  the   PET signal is a function of rCBF, the 
vasodilator effect of both LAC and CO 2  [ 63 ,  203 ] 
is a major drawback of these studies. In fact, the 
only PET study of a spontaneous panic attack (a 
case report) revealed only deactivations in right 
orbitofrontal (BA11), anterior temporal (BA15), 
anterior cingulate (BA32) and prelimbic (BA25) 
cortices [ 216 ]. Conversely, the c-Fos protein 
expression is independent from rCBF. Accordingly, 
c-Fos immunohistochemistry studies in animals 
exposed either to hypoxia or to hypercapnia might 

be a reliable control of PET studies in humans. 
Unfortunately, however, whereas the PET human 
studies focused mostly on midbrain and prosen-
cephalon, c-Fos animal studies focused on pontine 
and medullary regions [ 86 ,  217 – 220 ]. Yet, some 
studies examined c-Fos expression throughout the 
midbrain and diencephalon of both rats and cats 
[ 221 – 223 ]. A second diffi culty concerns the dif-
ferent protocols of PET and c-Fos studies in 
humans and animals, respectively. In particular, 
while the PET imaging studies employed short 
exposures (20 min) to moderate degrees of hyper-
capnia (8 %), c-Fos immunochemical studies 
employed long exposures (hours) to moderate 
hypercapnia (15 %) or varying degrees of hypoxia 
(5–11 %) [ 86 ,  221 ,  222 ]. However, Johnson et al. 
[ 223 ] examined the c-fos expression throughout 
the brain of rats exposed to the fast raise of CO 2  
blood levels (up to 20 % CO 2  in 5 min). 
Furthermore, Teppema et al. [ 86 ] evaluated the 
contribution of peripheral chemoreceptors in c-fos 
expression to hypercapnia (15 % CO 2 ) by adding 
surplus oxygen (60 % O 2 ) in gas mixture (hyper-
oxic hypercapnia). 

 In any event, data showed that prolonged 
exposures to moderate degrees of hypoxia (8 % 
O 2 ) produced signifi cant increases in fos-like 
immunoreactivity (FLI) of medullary nuclei that 
play a crucial role in eupnea, including both the 
commissural and caudal NTS,  ventral medullary 
surface (VMS)   and parapyramidal area (PPy) 
[ 86 ,  222 ] (Table  2.3 , Fig.  2.3 ). Teppema et al. 
[ 86 ] reported additional labeling in both A1 and 
C1 cathecolaminergic groups. Double labeling 
for c-fos and tyrosine hydroxylase was mostly 
found in the rostral and caudal ventrolateral retic-
ular nuclei, but not in the  lateral paragigantocel-
lular nucleus (LPGi)  . The NTS was also activated 
by 5 % and 15 % CO 2  [ 86 ,  222 ]. Following the 
exposure to 15 % CO 2,  the number of c-fos 
labelled cells in the  rostroventrolateral medulla 
(RVLM)   was nearly 2.5 times the number of 
labeled cells following the exposure to 9 % O 2 , 
corroborating the higher sensitivity of RVLM 
neurons to hypercapnia [ 224 ]. Addition of 60 % 
O 2  to produced robust reductions in the number 
of CO 2 -activated cells in NTS, RVLM and LPGi, 
but not in  VLPAG  , LC and PBA [ 86 ] (Table  2.3 ). 
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The latter data suggest that CO 2  activations of 
 VLPAG  , LC and, most surprisingly, PBA do not 
depend on peripheral chemoreceptors. Similarly, 
the carotid denervation  that   suppressed the 
hypoxia activation of  DPAG   had no effects in 
hypoxia activation of  VLPAG   [ 225 ]. Prolonged 
exposures to hypercapnia also labeled a superfi -
cial column of cells of retrotrapezoid nucleus in 
the ventral surface of the medulla (0–100 μm 
depth) [ 86 ]. These neurons may correspond 
either to the paraolivary cell group described by 
Berquin et al. [ 222 ] or to the VMS sensors of H + /
CO 2  described by Loeschcke and Koepchen 
[ 183 ]. Indeed, Loeschcke [ 184 ] noted that pH 
changes in the VMS of cats produce ‘ maximal 
drive of ventilation … in two areas, one medial to 
vagal root and the other medial to the hypoglos-
sal root but lateral to the pyramid ’. Surprisingly, 
however, neither the  pre-Bötzinger complex 
(pBöC)   nor the  ventro lateral medulla (VLM)  , 
the areas currently proposed to play a critical role 
in the neurogenesis of respiratory rhythm [ 226 ], 
were activated by 15 % hypercapnia [ 86 ]. In the 
dorsolateral pons, exposures to either hypercap-
nia or hypoxia activated both the external divi-
sion of the lateral parabrachial area (eLPBA) and 
the  Kölliker-Fuse nucleus (KF)   [ 86 ,  222 ]. In con-
trast, hypoxia did not affect c-Fos expression of 
medullary areas that do not participate in respira-
tory and autonomic functions.

    Remarkably, midbrain structures not belong-
ing to the established respiratory network also 
showed signifi cant increases in FLI (Fig.  2.3 ). In 
particular, the  DLPAG  ,  VLPAG  , LC and nucleus 
subcoeruleus were intensely labelled by moder-
ate degrees of either hypoxia or hypercapnia [ 86 , 
 222 ]. In contrast, the cuneiform nucleus (CnF) 
was inconsistently labeled in spite of being the 
main target of  DLPAG   (the CnF showed moder-
ate increases in FLI to both 10 % CO 2  and 15 % 
CO 2 /60 % O 2 , but no FLI increase to 15 % CO 2 ) 
[ 86 ] (Table  2.3 , Fig.  2.3 ). 

 Teppema et al. [ 86 ] showed that  VLPAG   and 
PBA were markedly activated by the prolonged 
exposure to both 10 % and 15 % CO 2 , being even 
more marked than the caudal NTS and RVLM 
(Fig.  2.3 ). In fact, the PBA showed the highest 
increase in c-fos expression  as   compared to air- 

breathing rats. Because these activations were 
not attenuated by hyperoxia, they must be due to 
central inputs. Of note, LC fos-labeled neurons 
of rats exposed to hypercapnia were also double- 
stained for tyrosine hydroxylase [ 86 ]. These fi nd-
ings agree with  in vitro  experiments showing that 
LC neurons are highly sensitive to CO 2  [ 85 ]. 
Conversely, the evidence of LC activation by 
hypoxia is contradictory, the activations being 
either manifest [ 82 ,  218 ] or hardly observed [ 86 , 
 222 ]. Moreover, Elam et al. [ 82 ] reported that 
whereas the LC responses to hypoxia were sup-
pressed by peripheral denervation, those to 
hypercapnia were unchanged. The latter data 
support the central mediation of the hypercapnia 
activation of LC. 

 Although the above studies suggest that the 
suffocation alarm system lies somewhere 
between the NTS and LC or PAG, Berquin et al. 
[ 222 ] found signifi cant FLI increases rostrally in 
DMH, posterior hypothalamus (PH), and along a 
 ventral hypothalamic zone (VHZ)   extending 
from the mammillary nuclei to the retrochias-
matic area. Even though not signifi cant, hypoxia 
and hypercapnia produced 184 % and 460 % 
increases in FLI of PVN and  supraoptic nucleus 
(SON)  , respectively. The PVN activation is most 
likely involved in HPA  axis   response to hyper-
capnia in both rats [ 227 ] and humans [ 228 – 230 ]. 
Labeling of DMH is particularly important since 
this nucleus has been proposed to mediate the 
LAC vulnerability of panic patients [ 66 ,  231 ] 
(see Sect.  2.9 ). 

 In turn, the PH was activated by both hypoxia 
and hypercapnia [ 222 ]. Remarkably, as well, the 
PH harbors PAG-projecting neurons that are 
intrinsically sensitive to both hypoxia and hyper-
capnia [ 232 ]. Accordingly, Ryan and Waldrop 
[ 232 ] suggested that the PAG and PBA are the 
key relay structures connecting the PH with med-
ullary nuclei involved in the ventilatory response 
to both hypoxia and hypercapnia. 

 Because burrowing species (Israeli mole rats) 
can tolerate extreme degrees of hypoxia (7.2 % O 2 ) 
and hypercapnia (6.1 % CO 2 ) in their natural habi-
tat [ 233 ], it is noteworthy that brain activations 
were quite similar in both rats [ 222 ] and cats [ 221 , 
 234 ]. In fact, the only difference between these 
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species was the lack of labelling in the retrotrape-
zoid nucleus of hypoxic rats. The latter observa-
tion is nevertheless consonant with the lack of 
response of VMS neurons to hypoxia [ 184 ]. 

 More recently, Johnson et al. [ 223 ] examined 
the c-fos protein expression of selected brain 
regions of forebrain and brainstem of rats exposed 
to a sharp increase in CO 2  (up to 20 % CO 2  in 
5 min). This protocol is similar to the two-tidal 
volume inhalation of 35 % CO 2  that elicits panic 
attacks in both patients and controls. Interestingly 
enough, the RVLM and LPGi (but not the NTS or 

caudal VLM) were the only medullary nuclei 
showing FLI signifi cant increases (Table  2.3 ). 
There were also signifi cant increases in c-fos 
expression of most hypothalamic nuclei associ-
ated to stress and/or defensive behaviors, includ-
ing the PVN, the DMH and the  premammillary 
dorsal nucleus (PMD)  , but not the VMH or the 
PH. Surprisingly, as well, although the FLI was 
markedly increased in  DMPAG  ,  DLPAG   and 
 VLPAG  , FLI was unchanged in  LPAG   and PBA 
regions that appear to play a prominent role in 
suffocation alarm. Most importantly, however, 

  Fig. 2.3    Brainstem areas activated in hypercapnia, 
hypoxia and hypercapnic hypoxia. Columns represent the 
mean number of c-fos labeled cells (±SD) per 60-μm 
hemisections of the braintem of rats subjected to 2-h 
exposures to ( a ) room air; ( b ,  c ,  d ) 8 %, 10 % and 15 % 
CO 2 ; ( e ) 15 % CO 2  plus 60 % O 2 ; and ( f ) 9 % O 2 . Although 
these data are not represented as density of labeled cells, it 
is noteworthy that the number of c-fos labeled cells of 
hypercapnic rats in ventrolateral periaqueductal grey 
( VLPAG  ) and parabrachial area (PB) was higher than that 
of  nucleus of tractus solitarius (NTS)   and  rostroventral 
lateral medulla (RVLM).   The central origin of CO 2  activa-

tions of  VLPAG   and PB is suggested by the lack of differ-
ence between hypercapnia (15 % CO 2 ) and hyperoxic 
hypercapnia (15 % CO 2  plus 60 % O 2 ). Other abbrevia-
tions:  A5  noradrenergic cell group in dorsal pons,  CVLM  
caudal ventral lateral medulla,  CUN  cuneiform nucleus, 
 DR  nucleus raphe dorsalis,  lVLM  intermediate ventrolat-
eral medulla,  LC  locus coeruleus Symbols indicate signif-
icant differences (*) from room air (all graphs); (#) from 
hyperoxic hypercapnia ( left  and  right upper graphs ) or 
9 % hypoxia ( bottom left graph ); ($) from 9 % hypoxia 
( upper right  and  bottom left graphs ) (composite of Figs. 2, 
4 and 8 of Teppema et al. [ 86 ], with permission)       
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exposures to 20 % CO 2  did not produce escape in 
spite of the marked activation of both  DMPAG   
and  DLPAG  . The lack of escape responses sug-
gests that PAG activations were due to the depo-
larization of inhibitory interneurons rather than 
of output neurons. Alternatively, CO 2  activations 
of  DPAG   output neurons could have been coun-
teracted by concomitant activations of  VLPAG  .  

2.7.4     c-Fos Studies in Rats Exposed 
to Carbon Monoxide Supports 
the Key Role  of   Dorsal 
Periaqueductal Gray 
in Respiratory-Type Panic 
Attacks 

 Rats subjected to a 5-min exposure to 1 % CO 
showed widespread activations of respiratory and 
autonomic nuclei [ 235 ] (Table  2.3 ). These activa-
tions occurred in spite of the peripheral chemore-
ceptor inhibition by low concentrations of CO 
[ 201 ]. In particular, exposures to 1 % CO produced 
signifi cant increases in c-fos expression in NTS, 
area postrema (AP), dorsal motor nucleus of the 
vagus (DMX), VLM, PPy, LPGi, LPBA and NRPa. 
More rostrally, the CO activated the supramamil-
lary nucleus, the DMH and PH. On increasing the 
severity of tissue hypoxia, FLI was also observed 
in the retrotrapezoid nucleus, ventral tegmental 
area, arcuate nucleus and PVN. Most notably, how-
ever, whereas the CO produced robust increases in 
c-fos expression of NRD, LC and  VLPAG  ,    it did 
not activate the  DPAG  . The latter result is conso-
nant with the lack of defensive responses during 
intoxication with the “silent killer”.   

2.8     Evidence of a Suffocation 
Alarm System 
Within the Periaqueductal 
Grey Matter of Midbrain 

2.8.1     Brain Detectors of  Hypoxia      
and Hypercapnia 

 Data from both PET and c-Fos studies showed 
that the PH, the PAG, the LPBA, and, less clearly, 
the LC, were the only brain nuclei activated by 

hypercapnia. With the possible exception of 
LPBA, all these areas possess neurons intrinsi-
cally sensitive to changes in H + /CO 2  and/or O 2  
[ 85 ,  232 ,  236 – 238 ]. Accordingly, the high sensi-
tivity of PD patients to CO 2  may be due to the 
abnormal functioning of these nuclei. Conversely, 
the activations of the cortical and midline cere-
bellar areas regularly observed during both 
hypercapnia and panic attacks of humans were 
not observed in c-Fos animal studies. 

 Additionally, Coates et al. [ 237 ] showed that 
phrenic nerve activity is markedly increased by 
microinjections of acetazolamide (an inhibitor of 
carbonic anhydrase) in multiple brainstem sites 
of servo-ventilated rats and cats that were both 
vagotomised and glomectomised. Responsive 
sites were found within 800 μm of the VMS and 
close to NTS and LC. These authors proposed 
that central chemoreceptors are distributed in 
several locations within 1.5 mm from outer and 
inner surfaces of brainstem, which includes the 
PAG. It is noteworthing, however, that the pH of 
microinjected sites was compatible with a P ET CO 2  
of approximately 36 mmHg, which is much 
lower than the threshold for elicitation of hunger 
for air in humans. 

 In turn, extracellular and whole-cell patch- 
clamp recordings of brain slice preparations 
showed that neurons of PH are sensitive to both 
hypoxia and, less markedly, hypercapnia [ 236 ]. 
In particular, extracellular recordings showed 
that hypoxia stimulated over 80 % of tested neu-
rons in a dose-dependent manner. Furthermore, 
over 80 % of the cells excited by hypoxia retained 
the response during synaptic blockade. In con-
trast, hypercapnia increased the fi ring frequency 
of only 22 % of the neurons.       Similarly, whole- 
cell patch-clamp recordings showed that whereas 
the hypoxia depolarised 76 % of neurons of PH, 
hypercapnia depolarised and/or increased the dis-
charge of only 35 % of tested neurons. These 
results suggest that the caudal hypothalamus has 
separate populations of neurons sensitive to 
hypoxia and hypercapnia. Importantly, as well, 
Ryan and Waldrop [ 232 ] showed that the PH har-
bors PAG-projecting neurons which are sensitive 
to both hypoxia (53 %) and hypercapnia (27 %). 

 Remarkably, as well, Kramer et al. [ 238 ] 
showed that 74 % (39 of 53) of  in vitro  neurons of 
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PAG responded to hypoxia, 92 % of which with 
an increase in fi ring rate. Moreover, hypoxia- 
sensitive neurons of  DLPAG  / LPAG   regions 
showed fi ring rate increases greater than those of 
 VLPAG  . By contrast, only 21 % (7/33) of PAG 
neurons responded to hypercapnia. PAG neuron 
responses to hypoxia were retained in spite of the 
blockade of synaptic transmission in low-Ca 2+ /
high-Mg 2+  medium. Taken together, these data 
show that the PAG harbors neurons intrinsically 
sensitive to hypoxia. 

 On the other hand, existing evidence suggests 
that carotid body chemoreceptor type-I cells 
sense both hypoxia and hypercapnia through 
‘ tandem acid-sensitive potassium channels  ’ 
(TASK-1 and TASK-3 channels) that are inhib-
ited by acidic pH and hypoxia and activated by 
alkalosis [ 239 – 241 ]. Prabhakar [ 201 ] showed in 
addition that these channels might be inhibited 
by the intracellular gaseous messengers CO and 
hydrogen sulfi de (H 2 S). TASK genes are also 
expressed in brain chemosensitive areas of hind-
brain, including the RVLM, raphe nuclei, and LC 
[ 242 – 245 ]. It remains to be elucidated whether 
these channels sense pH/brain gas levels in panic- 
related areas sensitive to both hypoxia and hyper-
capnia, including the PH and the PAG.  

2.8.2     Carbon Dioxide Inhibits 
DPA-Evoked Panic-Like 
Responses 

 Recently, Schimitel et al. [ 246 ] examined the 
behavioral effects of both the hypercapnia (8 % 
and 13 % CO 2 ) and the selective stimulation of 
carotid chemoreceptors with potassium cyanide 
(KCN, 10–160 μg, i.v.), administered either alone 
or combined, in rats either stimulated or lesioned 
in the  DPAG  . 

 Behavioral data showed that although the 
exposure to 13 % CO 2  alone produced manifest 
increases in respiration, rats only explored the 
open-fi eld slowly or remained quiet with eyes 
opened and muscles relaxed, as shown by the 
lowering of trunk, head and tail. Exposures to 
13 % CO 2  also reduced grooming while increas-
ing exophthalmus (fully-opened bulged eyes), 

thereby suggesting an arousal to environmental 
cues. The latter responses may be due to CO 2  
activations of  in vitro  [ 85 ] and  in vivo  neurons of 
LC of rats either intact [ 86 ,  222 ] or denervated 
[ 82 ]. Data of Schimitel et al. [ 246 ] are also in 
agreement with previous observations showing 
that CO 2  concentrations as high as 13 % failed to 
evoke defensive responses in rats [ 86 ]. Despite 
the signifi cant activation of  DPAG  , not even the 
sudden exposure to 20 % CO 2  provoked manifest 
defensive behaviors [ 223 ]. 

 Unexpectedly, as well, exposures to both 8 % 
and 13 % CO 2  produced signifi cant attenuations 
of  DPAG  -evoked freezing (immobility plus 
exophthalmus) and fl ight (trotting and galloping) 
behaviors (Fig.  2.4 ) [ 246 ]. Evidence from c-fos 
immunohistochemistry studies showed, on the 
other hand, that 2-h exposures to low concentra-
tions of CO 2  activate the NRD and, markedly, a 
discrete region of caudal  VLPAG   atop the lat-
erodorsal tegmental nucleus (LDTg) [ 86 ,  222 ]. 
The lack of effects of hyperoxia (60 % O 2 ) on 
CO 2  activations of  VLPAG   makes unlikely the 
involvement of peripheral chemoreceptors [ 86 ]. 
On the other hand, chemical stimulations of the 
same region (i.e.,  VLPAG   atop the LDTg) of 
freely-moving rats produced only ‘ hyporeactive 
immobility  ’ or ‘quiescent behavior’ [ 293 ]. Taken 
together, data suggest that CO 2  inhibition of 
 DPAG  -evoked panic-like responses is mediated 
by the  VLPAG  .

   Vianna et al. [ 247 ] showed, on the other hand, 
that the defensive behaviors elicited by electrical 
stimulation of  DPAG   are unchanged by electro-
lytic lesions of  VLPAG  . Although these results 
make unlikely the  VLPAG   tonic inhibition of 
 DPAG  , plenty of evidence supports the  VLPAG   
phasic inhibition of the latter structure [ 174 –
 179 ]. Notably, as well, chemical stimulations of 
medullary raphe produced prolonged attenua-
tions of cardiovascular responses to electrical 
stimulations of  DPAG   [ 214 ]. Because the latter 
effect is presumptively mediated by NRM/NRO 
efferents to  DPAG  -projecting neurons of  VLPAG   
[ 215 ], the CO 2  inhibition of  DPAG  -evoked 
behaviors [ 246 ] could be mediated by 5-HT neu-
rons of NRD properly and/or NRD ‘lateral wing’ 
(NRDlw) within the  VLPAG  . Although the 

2 A Neural Systems Approach to the Study of the Respiratory-Type Panic Disorder

mp2285@cumc.columbia.edu



32

 DPAG   is targeted by 5-HT afferents from NRD, 
NRO, NRPo and NRMn [ 215 ] (but see Jansen 
et al. [ 164 ]), prolonged exposures to CO 2  
increased c-fos expression of only the NRPa and, 
more markedly, NRD [ 86 ] (Table  2.3 ). In con-
trast, whereas the sudden exposure to 20 % CO 2  
did not activate the raphe nuclei, they produce 
signifi cant activations of ventral medullary areas, 
PVN, perifornical hypothalamus (PeF), DMH, 
PMD and caudal PAG, including  DMPAG  , 
 DLPAG   and CePAG (‘ medial    VLPAG   ’) [ 223 ]. 
Because the exposures to 20 % CO 2  did not pro-
duce escape, the PAG activations were most 
probably due to the depolarization of inhibitory 
interneurons. If so, the CO 2  activation of GABA 

interneurons could inhibit the  LPAG   output neu-
rons [ 248 ] presumptively involved in respiratory- 
type panic attacks.  

2.8.3     Peripheral Injections 
of  Potassium Cyanide Elicits 
Respiratory  -Type Panic 
Responses 

 Behavioral effects of injections of KCN were 
much the opposite of those of CO 2  [ 246 ]. Indeed, 
intravenous injections of KCN alone induced 
dose-dependent defensive behaviors (Fig.  2.5 ) 
similar to those observed with stepwise- increasing 

  Fig. 2.4    Carbon dioxide effects on the thresholds of 
defensive responses induced by electrical stimulation of 
 DPAG  . Columns represent the population unbiased esti-
mates of median threshold intensities (I 50  ± SE). *P < 0.05, 
signifi cantly different from  DPAG   stimulations in room 

air,  + P < 0.05, signifi cantly different from  DPAG   stimula-
tions in 8 % CO 2  enriched-air sessions (Bonferroni’s 5 % 
criterion of likelihood ratio chi-square tests for location of 
parallel-fi tted threshold curves) (from Schimitel et al. 
[ 246 ], with permission)       
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  Fig. 2.5    Dose–response 
curves of KCN-evoked 
behaviors. Curves are the 
best-fi tted logistic functions of 
the accumulated frequencies of 
threshold responses in function 
of the logarithm of the KCN 
dose (i.v.). Abscissa in 
logarithmic scale. 
Abbreviations:  r  responders;  n  
total number of rats (from 
Schimitel et al. [ 246 ], with 
permission). Abbreviations: 
 EXO  exophthalmus,  IMO  
immobility,  DEF  defecation, 
 MIC  micturition,  TRT  trotting, 
 GLP  galloping,  JMP  jumping       

  Fig. 2.6    Effects of intravenous injections of 20 μg KCN 
or vehicle (0.9 % NaCl) on the median thresholds (I 50  ± SE) 
of defensive behaviors induced by electrical stimulation 

of PAG. * P  < 0.05, signifi cantly different from saline ses-
sions. Details as in Fig.  2.4  (from Schimitel et al. [ 246 ], 
with permission)       
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electrical and chemical stimulations of the  DPAG   
[ 165 ,  249 ]. Specifi cally, KCN increasing doses 
evoked exophthalmus, immobility, micturition, 
defecation, trotting and galloping. However, 
whereas the KCN elicited jumping in one rat only, 
it produced defecation and micturition at rather 
low doses as compared to chemical and electrical 
stimulations of  DPAG   in which these responses 
showed the highest thresholds.

   Schimitel et al. [ 246 ] further showed that slow 
infusions of a subliminal dose  of   KCN (20 μg/30 s) 
produced signifi cant facilitations of trotting and 
galloping responses to electrical stimulations of 
 DPAG   (Fig.  2.6 ). Because the  DPAG   does not 
project to the spinal cord [ 162 ], the escape 
responses are most likely mediated by  DPAG   
efferents to CnF neurons targeting spinally- 
projecting cells of gigantocellular and magnocel-
lular reticular nuclei [ 250 ]. Conversely, the 
inconsistent labeling of CnF nucleus by both 
hypoxia and hypercapnia [ 86 ] suggests that this 
nucleus is not involved in detection of asphyxia. 
Facilitations of  DPAG  -evoked immobility and 
exophthalmus were less conspicuous.

   Most importantly, whereas the KCN-evoked 
defensive behaviors were unchanged by aortic 
denervation, they were virtually suppressed by 
carotid denervation [ 251 ,  252 ] and discrete lesions 
of  DPAG   [ 246 ] (Fig.  2.7 ). That  KCN- evoked defen-
sive behaviors are mediated by peripheral chemore-
ceptors was also shown by the lack of effect of 
KCN microinjections (12–200 nmol/100 nL) into 
the  DPAG   (C.J.T. Müller, unpublished results). The 
PAG mediation of KCN-evoked behaviors is in turn 
supported by tract-tracing and c-fos immunohisto-
chemical studies of NTS projections to the CePAG 
[ 171 ,  172 ] and KCN activations of  DPAG   [ 253 ]. 
Taken together, these data support the mediation of 
KCN-evoked behavior by CePAG-projecting neu-
rons of NTS.

   The opposite effects of KCN and CO 2  raised 
the question whether the pre-exposure to CO 2  
could inhibit KCN-evoked defensive behaviors. 
Conversely, however, KCN-evoked behaviors 
were markedly facilitated by both 8 % and 13 % 
CO 2  (Fig.  2.8 ) [ 246 , C.J.T. Müller, unpublished 
results]. Because CO 2  alone did not produce 
defensive behaviors, Schimitel et al. [ 246 ] sug-

gested that the PAG harbors a hypoxia-sensitive 
suffocation alarm system which activation in 
humans might both precipitate a spontaneous 
panic attack and render the subject sensitive to 
CO 2 . Indeed, recent studies showed that KCN- 
evoked escape is attenuated by clinically- effective 
acute and chronic treatments with the putative 
panicolytics clonazepam (0.01–0.3 mg kg −1 , i.p.) 
and fl uoxetine (1–4 mg kg −1  day −1  along 21 days, 
i.p.), respectively [ 254 ] (Fig.  2.9 ). The latter 
observations were further extended by the dem-
onstration that panic-like responses to severe 
environmental hypoxia (7 % O 2 ) are also attenu-
ated by both the acute injections of alprazolam 
(1–4 mg kg −1 , i.p.) and the chronic injections of 
fl uoxetine (5–15 mg kg −1  day −1 , 21 days, i.p.), and 
by intra-periaqueductal injections of 5-HT antag-
onists as well [ 255 ].

    In the same vein, escape responses to severe 
environmental hypoxia (8 % O 2 ) were  accompa-
nied   by signifi cant activations of intermediate lev-
els (−7.08 mm from bregma) of  DLPAG   and 
 LPAG   (but not of  DMPAG   and  VLPAG  ) [ 200 ]. 
Conversely, however, prior studies found that 
hypercapnia, hypoxia and KCN activate mostly 
the caudal regions (−7.8 to −8.0 mm from bregma) 
of  DLPAG  ,  LPAG   and  VLPAG   [ 222 ,  253 ]. The 
precise localization of hypoxia- responsive sites of 
PAG was further complicated by data showing that 
whereas the 2-h exposures to 9 % hypoxia failed in 
activating any column of the PAG [ 86 ], 3-h expo-
sures to 11 % hypoxia activated both the  DLPAG   
and the  VLPAG   [ 222 ]. Besides, whereas Berquin 
et al. [ 222 ] reported that hypoxia produced moder-
ate activations of DMH (120 %), PH (150 %) and 
LPBA (191 %), Teppema et al. [ 86 ] reported 
marked activations of A5 noradrenergic neurons 
(550 %) and LPBA neurons only (1440 %). 
Remaining activations were found in medullary 
areas unlikely to mediate the defensive behaviours 
(NTS, DMX, RVLM and VMS). 

 The demonstration that  in vitro  neurons of PAG 
are intrinsically sensitive to hypoxia [ 238 ] raises 
the question whether the hypoxia activations of 
PAG resulted from local changes in PO 2 . Moreover, 
prior attempts to localize the KCN- responsive 
regions within the PAG were compromised by the 
employment of repeated intravenous injections of 
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anesthetized rats with high doses of KCN (60–
120 μg, i.v.) [ 253 ]. Indeed, whereas the latter study 
found widespread activations of PAG, a recent 
study from our laboratory showed that the LPAGr 
(−6.48 mm from bregma) was the only brainstem 
structure activated following a short-lasting escape 
response (2–3 s) elicited by a single injection of a 
low dose of KCN (40 μg, i.v.) (C.J.T. Müller, 
unpublished results). Although most afferents of 
LPAGr come from hypothalamus and limbic cor-
tex [ 167 ], the LPAGr is also recipient of afferents 

from caudal  LPAG   and LPBA that could mediate 
the KCN- evoked peripheral signals of hypoxia. 
 Taken   together, data suggest that whereas the 
hypercapnia activates the caudal  VLPAG  , hypoxia 
activates predominantly the  DLPAG   and  LPAG  . 

 Although the molecular mechanisms underly-
ing the suffocation alarm system are unsolved, it 
is a quite remarkable fi nding that neurons of both 
PH and PAG solely begin to respond to hypoxia 
after post-natal day 12 (PN12) (Fig.  2.10 ) [ 225 ]. 
Accordingly, these structures do not respond to 

  Fig. 2.7    Effects of electrolytic 
lesions of PAG on the 
defensive behaviors produced 
by intravenous injections of 
80 μg KCN. Columns 
represent the proportion (±SE) 
of rats presenting a given 
response before ( hatched ) or 
24 h after ( black ) the 
application of discrete 
electrolytic lesions to the PAG 
(anodal current, 1 mA, 5 s) to 
the PAG. *P < 0.05, **P < 0.01, 
***P < 0.005, proportions 
signifi cantly different from 
pre-lesion values (Pearson’s 
 χ  2 ) (from Schimitel et al. 
[ 246 ], with permission). Other 
details as in Fig.  2.5        

  Fig. 2.8    Effects of 8 % and 
13 % CO 2  on KCN-evoked 
fl ight behavior. The duration 
of fl ight behavior is the sum of 
the duration of trotting, 
galloping, and jumping 
responses evoked by 
intravenous injections of 40 μg 
KCN. ** P  < 0.005, 
*** P  < 0.0001, signifi cantly 
different from room air; 
 ++  P  < 0.005, signifi cantly 
different from 8 % CO 2  
(Student’s one-tailed paired 
 t -tests) (from Schimitel et al. 
[ 246 ], with permission)       
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hypoxia during the ‘stress hyporesponsive period’ 
(PN2-PN12) in which the HPA  axis   is likewise 
quiescent [ 256 – 258 ]. It remains to be elucidated 
whether the hypoxia-sensitive neurons are also 
primed by maternal deprivation.

   In turn, Horn et al. [ 225 ] showed that whereas 
the  VLPAG   responses to hypoxia were unaltered 
by sinusal denervation of adult rats,  DPAG   
responses were wholly suppressed (Fig.  2.10 ). 
Since PAG neurons are intrinsically sensitive to 
hypoxia [ 238 ], Horn et al. [ 225 ] proposed that 
carotid denervation unmasked an extrinsic inhib-
itory input that suppressed c-fos expression in 
 DLPAG  . Moreover, Teppema et al. [ 86 ] showed 
that  VLPAG   activations by hypercapnia arere 
unchanged by hyperoxia (60 % O 2 ) (Table  2.3 ). 
Altogether, data suggest that whereas the  DLPAG   

response to hypoxia results from a NTS-mediated 
disinhibitory mechanism,  VLPAG   responses 
depend predominantly (78 %) on central inputs 
(as below discussed, the ‘hypoxia activations’ of 
 VLPAG   might actually correspond to activations 
of ventral half of  LPAG  ). Although the latter data 
contradict our previous argument that KCN- 
evoked panic responses are partly due to NTS 
inhibition of  VLPAG   [ 61 ,  259 ], they do not rule 
out the core hypothesis that panics result from 
 VLPAG   defective inhibition of  DPAG   output 
neurons. As a corollary, tissue hypoxia by 1 % 
CO activated the LC, the NRD and  VLPAG  , but 
not the  DLPAG   or  LPAG   (Table  2.3 ) [ 235 ]. The 
latter observations are consonant with the absence 
of defensive reactions during the intoxication 
with the ‘silent killer’. 

  Fig. 2.9    Effects of clinically effective treatments with pani-
colytics on the duration of fl ight responses (mean ± SEM) pro-
duced by an intravenous injection of KCN (80 μg).  Upper : 
Effects of the acute treatment with clonazepam.  Bottom : 
Effects of the chronic treatment with fl uoxetine. *Signifi cantly 
different from saline-treated rats (5 % Bonferroni’s criterion 
of Student’s 1-tailed  t -tests).  KCN  potassium cyanide,  s  sec-
onds,  SAL  saline,  SEM  standard error of the mean (from 
Schimitel et al. [ 254 ], with permission)       

  Fig. 2.10    Cell densities of  DLPAG   and  VLPAG   neurons 
expressing Fos protein of normoxic and hypoxic rats dur-
ing post-natal days 3–56 and after  carotid sinus nerve 
denervation (CSNX).   Carotid sinus denervation unmasked 
an NTS-mediated inhibitory input that suppressed c-fos 
activation in  DLPAG  . In contrast, denervation produced a 
non-signifi cant reduction of only 22 % of c-fos labeled 
cells of  VLPAG  . Data are means ± S.E.M. ( n  = 4–5 for 
each group). *Signifi cantly larger than normoxic rats 
( P  < 0.05) (from Horn et al. [ 225 ], with permission)       
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 Concluding, data suggest that  hypoxia  acti-
vates the PAG both directly (via NTS excitatory 
efferents to  LPAG  /CePAG) or indirectly (via NTS 
disinhibition of  DLPAG  ). Conversely,  hypercap-
nia  aborts  DPAG  -evoked panic reactions owing to 
the central activation of  VLPAG   inhibitory inputs 
to  DPAG  /CePAG (Fig.  2.11 , upper). Panic 
responses are nonetheless facilitated  in    hypercap-
nic hypoxia , which reproduces real-life asphyxia 
(Fig.  2.11 , middle). Be this as it may, panic 
patients appear to overreact to CO 2  due to the 
defective functioning of  VLPAG   and/or NRD 
inhibitory projections to  DPAG   (Fig.  2.11 , bot-
tom). Of note, recent studies suggest that LAC 
infusions could facilitate panic via the inhibition 
of NRDlw projections to  DPAG   [ 231 ,  260 ].

2.8.4        On the Probable Substrates 
of Klein’s Three-Layer Cake 
Model of  Panic Attack      

 In a preliminary presentation of SFA  theory  , 
Klein [ 25 ] suggested that the march of symp-
toms of panic attacks “ appears to be a three-
layer cake. The fi rst layer is the reaction of the 
smothering alarm system, as it had received an 
increment of CO   2   , by breathlessness and 
increased tidal volume. When the control system 
keeps getting signals interpreted as predictive of 
asphyxiation, then the panic attack, with its feel-
ing of suffocation and urge to fl ee is released, 
followed by the increase in respiratory fre-
quency ”. In particular, LAC-induced panic 
attacks are characterised by early dyspnoea fol-
lowed by panic, desire for fl ight and a sustained 
hyperventilation that continues several minutes 
after the end of the infusion (Fig.  2.12 ). Although 
this model is heavily based on LAC-induced 
panics, this section examines whether the  DPAG   
circuits might explain Klein’s three-layer cake 
model of panic attacks.

   Although the respiratory rhythmogenesis is 
maintained in pontine preparations, PAG  stimula-
tions      of anesthetized animals produce prominent 
respiratory effects. Indeed, in the fi rst study with 
electrical stimulation of the PAG, Sachs [ 261 ] 
reported that among all regions stimulated in thala-

mus and brainstem, the PAG yielded the most pro-
nounced respiratory responses, being ‘ undoubtedly 
… a respiratory center ’. These observations were 
corroborated by extensive mapping of respiratory 
responses induced by electrical stimulation of the 
brainstem of anesthetized cats. Most notably, Tan 
[ 262 ] showed that low-intensity stimulations of 
 LPAG   produced phase-locked stimulus-bound 
respiratory responses without concomitant cardio-
vascular responses. Subsequent studies suggested 
that chemical stimulations of the PAG affect mostly 
the respiratory frequency, decreasing the duration of 
both expiration and inspiration [ 263 ,  264 ], an effect 
thought to be mediated by the PBA inspiratory off-
switch of ‘pneumotaxic center’ [ 265 ]. However, 
periaqueductal microinjections of GABA-A recep-
tor antagonists increase both  frequency and ampli-
tude of respiration (Fig.  2.13 ) [ 266 ].

   The demonstration that hypoxia facilitates the 
sham-rage behavior of the decerebrated cat was 
the fi rst evidence that behavioral responses to 
hypoxia might be mediated at the brainstem 
[ 267 ]. Reciprocally, Hilton and Joels [ 268 ] 
showed that electrical stimulations of ‘defence 
areas’ of both PAG and medial hypothalamus 
facilitated the hyperventilation produced by 
intravenous injections of KCN. Much later on, 
Franchini et al. [ 251 ,  252 ] showed that ‘alerting’ 
behaviors to KCN (30 μg, i.v.) were suppressed 
by both sinusal denervation and occlusion of 
carotid body artery. In turn, Hayward and Von 
Reitzenstein [ 253 ] showed that repeated injec-
tions of a high dose of KCN (120 μg, i.v.) activate 
predominantly the caudal sectors of  DPAG  . 
However, less than 10 % of these neurons were 
retrogradely labelled from A5 region believed to 
mediate the pressor component of chemoreceptor 
refl ex [ 269 ]. Lastly, Schimitel et al. [ 246 ] pre-
sented compelling evidence that KCN-evoked 
panic-like behaviors are both facilitated by 
 previous exposures to CO 2  and suppressed by 
restrict electrolytic lesions of  DPAG  . Schimitel 
et al. [ 246 ] also showed that  DPAG  -evoked 
behaviors were facilitated by the concomitant 
intravenous infusion of a subliminal dose of KCN 
(20 μg). Altogether, these data give strong sup-
port to the PAG mediation of respiratory-type 
panic attacks. 
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 Importantly, as well, Hayward and co-workers 
showed that  DPAG  -evoked respiratory responses 
were markedly reduced (−65 % to −90 %) by 
bilateral microinjections into  the      LPBA of either a 
GABA-A receptor agonist or a glutamate receptor 
antagonist [ 270 ,  271 ]. Moreover, experiments 
with fl uorescent labeling identifi ed the effective 
site in the inner division of eLPBA (see Fig. 5 of 
Hayward et al. [ 270 ]). In turn, Haibara et al. [ 272 ] 
showed that whereas lidocaine microinjections 
into the LPBA markedly attenuated the cardiovas-
cular responses to KCN, lidocaine microinjec-
tions into  DLPAG   or  LPAG   were ineffective. 
Overall, these data suggest that whereas the 
 DPAG   mediates behavioral and respiratory 
responses to KCN, the LPBA is involved in respi-
ratory and cardiovascular components only. 
Importantly, as well, these data suggest that respi-
ratory and cardiovascular symptoms of panic 
attacks are mediated by PAG glutamatergic pro-
jections to the LPBA. 

 Although the  DPAG  -evoked cardiovascular 
and respiratory responses have been extensively 
studied as visceral adjustments of fi ght and fl ight 
behaviors [ 160 ,  253 ,  266 ,  273 – 278 ], the stimulus- 
response properties of  DPAG  -evoked respiratory 
responses [ 263 ] suggest that  DPAG   may be sub-
strate of both the early dyspnea and the late 
hyperpnea of respiratory-type panic attacks. To 
study the stimulus-response properties of the res-
piratory oscillator, Paydarfar and Eldridge [ 263 ] 
examined the changes in phrenic nerve activity 
brought about by electrical stimulations of  DPAG   
of sinoaortic-denervated anesthetised cats kept at 
constant P ET CO 2  (30–35 mmHg). Data showed 
that brief threshold stimulations (1-s trains) of 
 DPAG   invariably reset the cycle to inspiratory or 
expiratory phase. Following cycle resetting, the 
respiratory rhythm resumed with predictable 
periodicity (fi xed co-phase duration). Yet, if 
intensity and pulse and train duration were kept 
at 250 μA, 1 ms and 1 s, respectively, stimuli of 

intermediate frequency (30 Hz) applied at a defi -
nite time of the inspiratory-expiratory transition 
(approximately at 0.4 cycle) resulted in unpre-
dictable time recovery of the respiratory cycle 
(random co-phase duration). This response is 
exactly as expected in dyspnea, the leading symp-
tom of respiratory-type panic attack [ 24 ,  27 ,  42 , 
 53 ]. Paydarfar and Eldridge [ 263 ] also showed 
that critically timed stimuli with an appropriate 
intensity resulted in prolonged inspiratory apneu-
sis that could last over 3 respiratory cycles of the 
decerebrated cat (i.e., approximately 9 s). These 
data showed that subtle stimulations of  DPAG   
can produce either prolonged episodes of apneu-
sis or irregular breathing which are typical of 
respiratory-type panic onset (Fig.  2.12 ). 

 More recently, Subramanian et al. [ 278 ] showed 
that neuron-selective stimulations of distinct col-
umns of the PAG of precollicularly decerebrated 
unanesthetised cats produced column- specifi c pat-
terns of respiration. Indeed, whereas the  DMPAG   
stimulations produced slow and deep breathing 
along with increased tonus of the diaphragm that 
resemble the respiratory  pattern      during the rat con-
frontation with a conspecifi c,  DLPAG   stimulations 
produced hyperventilation and tachypnea consistent 
with the respiratory responses of a full-blown fl ight 
behavior. In turn, whereas the chemical stimulations 
of ‘lateral’ sectors of  LPAG   and  VLPAG   produced 
respiratory responses associated with emotional 
vocalization (mews and/or hisses), stimulations of 
the ‘ medial part of    LPAG   ’ (i.e., the CePAG) and of 
 VLPAG   resulted in irregular breathing or inspiratory 
apneusis of over 8 s, which are reminiscent of panic-
onset dyspnoea. Of note, the CePAG-evoked inspi-
ratory apneusis had the same duration of the apneusis 
reported by Paydarfar and Eldridge [ 263 ]. In any 
event, while the respiratory responses to CePAG and 
 VLPAG   stimulations mimic the panic onset, respira-
tory responses to  DLPAG   stimulations are reminis-
cent of a full-blown panic attack. 

  Fig. 2.11    Presumptive mechanisms of elicitation of panic 
attacks by inhalation of low concentrations of carbon diox-
ide (CO 2 ) in panic disorder patients.  Upper  – In healthy 
subjects, CO 2  peripheral inputs to dorsolateral ( DLPAG  ) and 
lateral ( LPAG  )  periaqueductal grey (PAG)   are counteracted 

Fig. 2.11 (continued) by the CO 2  activation of inhibitory 
projections of the ventrolateral periaqueductal grey 
( VLPAG  ) to the former structures.  Middle  – During envi-
ronmental suffocation, peripheral signals of hypoxia and 
hypercapnia overcomes  VLPAG   inhibition of  DPAG  , 
releasing a panic reaction.  Bottom  – In panic patients, the 
defective functioning of  VLPAG   inhibitory projections to 
 DPAG   render the subject hyper-responsive to both hypoxia 
and low doses of CO 2  (modifi ed from Schenberg et al. [ 51 ])       
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 In another study, Subramanian and Holstege 
[ 248 ] examined the effects of chemical stimula-
tions (20 nL of  D , L -homocysteic acid) of discrete 
regions of PAG on the activity of both diaphragm 
and pBöC pre-inspiratory (pre-I) neurons that are 
believed to play a crucial role in respiratory 
rhythmogenesis. Data showed that chemical 
stimulations of  DLPAG   produce both the increase 
of fi ring of pre-I cells and tachypnea. In turn, 
whereas the stimulation of  VLPAG   produced 
expiratory apnea and inhibition of pre-I cells and 
diaphragm, stimulations of CePAG (‘ medial 
part ’ of  LPAG  ) produced inspiratory apnea and 

converted pre-I neurons into phase-spanning 
cells that discharged at inspiration/expiration 
transition. Notably, as well, while the stimulation 
of the ‘ lateral part ’ of  LPAG   activated pre-I neu-
rons throughout the inspiration and produced 
emotional vocalization and diaphragm relax-
ation, stimulations of ‘ ventral part ’ of caudal 
 LPAG   (LPAGcv, −8.0 mm from bregma) pro-
duced an early burst of spikes (2 s) followed by a 
hyperpnea concomitant to a paradoxical sus-
tained inhibition (7 s) of pre-I neuron fi ring. 

 The demonstration that LPAGcv and  VLPAG   
mediate opposite responses of hyperpnea and 

  Fig. 2.12    Time-course (min) 
of respiratory changes in 
tidal-volume during a panic 
attack provoked by intravenous 
infusion with 0.5 M sodium 
lactate of a patient with panic 
disorder and agoraphobia. The 
‘x’ indicates the early episode 
of dyspnea that heralds the 
panic attack (courtesy of 
D.F. Klein)       

  Fig. 2.13    Increases in mean blood pressure, average 
heart rate and respiration caused by the microinjection of 
a GABA-A receptor antagonist (bicuculline, 10 nmol, 
1 μL/30 s) into the dorsal periaqueductal grey matter of a 
urethane anesthetized rat. Similar injections in unanesthe-

tized rats produce full-blown defensive behaviors. As 
expected, these data show that the structures that mediate 
panic-like behaviors are tonically inhibited by gabaergic 
synapses (from Schenberg et al. [ 266 ], with permission)       
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apnea reveals the sheer complexity of PAG. In par-
ticular, the development of hyperpnea in the 
absence of pBöC activity suggests the relative 
independence of eupnea and full-blown respira-
tory panic responses. Moreover, the paradoxical 
inhibition of pre-I neurons during LPAGcv- evoked 
tachypnoea suggests that PAG stimulations block 
respiratory mechanisms of eupnea much as they 
do with baroreceptor refl ex [ 104 ,  279 – 281 ]. It 
remains to be elucidated whether the  Hering-
Breuer refl ex   is also inhibited during both panics 
and defensive behaviors and attacks, giving way to 
a full- blown      hyperventilation. In any event, these 
results raise the possibility that the dyspnea/hyper-
pnea pattern of respiratory-type panic attacks may 
be mediated by  VLPAG  - CePAG and CePAG-
LPAGcv circuit.  

2.8.5     Steady State Functioning 
of  Suffocation Alarm System   

 During resting conditions, the suffocation alarm 
system may operate differently from its function-
ing during full-blown panic attack. In particular, 
Lopes et al. [ 282 ,  283 ] showed that chemical 
lesions of either  DMPAG  / DLPAG   or  LPAG  / VLPAG   
produce signifi cant reductions (−21 % to −31 %) in 
the ventilatory response to hypercapnia (7 % CO 2 ). 
In turn, whereas lesions of  DMPAG  / DLPAG   pro-
duced marked facilitations (67 %) of respiratory 
responses to hypoxia (7 % O 2 ), those of  LPAG  / 
VLPAG   were ineffective. 

 Therefore, whereas the  DMPAG  / DLPAG   
inhibits the respiratory responses to hypoxia, the 
 LPAG  / VLPAG   facilitates the responses to hyper-
capnia. As predicted for a suffocation alarm sys-
tem, these mechanisms appear to reduce oxygen 
consumption upon the lack of useful air while 
increasing  the   responses to hypercapnia, respec-
tively. In particular, the latter mechanism may be 
responsible for the increased basal respiratory 
activity of PD patients [ 24 ]. 

 Because peripheral signals of hypoxia and 
hypercapnia are conveyed by the same fi bers of 
glossopharyngeal nerve, the opposite effects of 
 DMPAG  / DLPAG   and  LPAG  / VLPAG   lesions on 
respiratory responses to hypoxia and hypercapnia 
suggest the differential modulation of these areas 

by peripheral (hypoxia plus hypercapnia) and cen-
tral (pH/hypercapnia) respiratory inputs, respec-
tively. Remarkably, as well, PAG lesions affected 
only the tidal volume. The lack of changes in 
respiratory frequency suggests that lesion effects 
are mediated at VMS and/or pBöC.  

2.8.6     On respiratory and Non- 
Respiratory  Panic Attacks      

 Despite the diffi culty of interpretation of lesion 
studies, data of Lopes et al. [ 282 ,  283 ] suggest 
that  DMPAG  / DLPAG   and  LPAG  / VLPAG   play 
complementary roles during resting respiratory 
activity. It should be noted, however, that 
although these studies are consonant with the 
lack of activation of  VLPAG   during hypoxia 
[ 86 ], other studies reported that the  VLPAG   is 
activated in both hypoxia [ 225 ,  253 ] and hyper-
capnia [ 222 ]. 

 Data from chemical stimulations of PAG [ 248 , 
 278 ] suggest, on the other hand, that symptom 
escalation of respiratory-type panic attacks might 
be due to an early activation of  VLPAG   projec-
tions to CePAG (dyspnea) followed by the sus-
tained activation of  DLPAG   and LPAGcv output 
pathways (hyperventilation). The latter mecha-
nisms are supported by tract-tracing of intra- 
periaqueductal connections with both anterograde 
(leucoagglutinin of  Phaseolus vulgaris , PHA-L) 
and retrograde (pseudorabies virus, PRV) mark-
ers [ 164 ]. In particular, Jansen et al. [ 164 ] showed 
that whereas the  VLPAG   projects almost exclu-
sively to CePAG (Fig.  2.14d ), the  DLPAG   and 
 LPAG   project to the entire expanse of caudal 
PAG (Fig.  2.14b and c ). By contrast, neither the 
 VLPAG  , nor the  LPAG  , or  DMPAG   send signifi -
cant projections to  the       DLPAG   (Fig.  2.14 ).

   Notably, as well, data from PHA-L/PRV 
double- labeling immunohistochemistry sug-
gested that  VLPAG  -evoked sympathoinhibition 
is mediated by a relay neuron of CePAG 
(Fig.  2.15 ) [ 164 ]. The dyspnea-hyperpnea symp-
toms of respiratory-type  panic attack   might be 
mediated by a similar pattern of connections 
between VMS/ VLPAG   and CePAG/LPAGcv.

   In contrast, fear-like panic attacks would be 
triggered by PFC, VMH and DLSC inputs to 
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  Fig. 2.14    Distribution of PHA-L labeled axons into the 
PAG of rats whose injections were restricted to dorso-
medial ( a ), dorsolateral ( b ), lateral ( c ) or ventrolateral 
( d ) columns of PAG.  Solid dots  represent PHA-L 
labeled cell bodies. ( a ) Following an injection in 
dmPAG, labeled axons extended throughout the PAG, 
involving all subnuclei. At rostral levels, the labeling 
was more concentrated in  DPAG   and precommissural 
nucleus (PrC). ( b ) Following an injections into the 
 DLPAG  , axons labeling extended mostly throughout the 

regions caudal to the injection site. ( c ) Following an 
injection into the  LPAG  , axonal labeling extended 
mostly to the caudal PAG, but avoided the  DLPAG  . ( d ) 
Following an injection in  VLPAG  , labeled axons were 
much more concentrated in the CePAG. Additional 
abbreviations:  3  oculomotor nucleus,  Dk  nucleus of 
Darkschewitsch,  EW  Edinger- Westphal nucleus,  fr  fas-
ciculus retrofl exus,  Su3  supraoculomotor periaqueduc-
tal grey,  Su3C  supraoculomotor cap. Other labels as in 
the abbreviation list (from [ 164 ]       
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 DLPAG   [ 52 ]. Therefore, although the respiratory 
symptoms are more prominent in respiratory- 
type panics, non-respiratory panics may present 
similar symptomatology owing to the overlap-
ping output pathways to LPBA, CnF and sympa-
thoexcitatory centers of the medulla. Among the 
possible differences of respiratory and non- 
respiratory panic systems, PAG projections to 
LPBA are presumptively more active in respira-
tory panic attacks. Indeed, studies with PHAL 
[ 284 ] and c-fos immunohistochemistry [ 285 ] 
showed that whereas the  LPAG   and  VLPAG   proj-
ect to all subnuclei of LPBA,  DMPAG   and 
 DLPAG   project almost exclusively to the supe-
rior subnucleus of LPBA. Most notably, however, 
Krout et al. [ 284 ] showed that the CePAG (therein 
named ‘aqueductal PAG’ or ‘central PAG’) sends 
a unique projection to the inner division of 
eLPBA. Remarkably, as well, Hayward et al. 
[ 270 ] showed that the microinjection of gluta-
mate antagonists into the eLPBA blocked the 
respiratory responses to electrical stimulations of 
 DPAG  . The eLPBA appears also involved in the 
entrainment of respiration and afferent muscle 
activity [ 286 ]. The latter mechanism could 
explain why exercise aborts panic attacks [ 146 , 
 287 ]. Indeed, Klein [ 24 ] had long proposed that 
exertion aborts panic by providing countervailing 
information to the suffocation monitor. It is nev-
ertheless unclear whether the PBA is a  monitor      or 
an effector of the suffocation alarm system.  

2.8.7     Overview of  Suffocation 
Alarm System   of Mammals: 
An Evidence-Based 
Hypothesis 

 The presumptive structure of the suffocation 
alarm system of mammals is outlined in Fig.  2.16 . 
The diagram depicts the probable pathways 
involved respiratory (cyan) and non-respiratory 
(green) panics, as well as the main inputs (white) 
and outputs (yellow) of these systems. The 5-HT 
neurons (pink) are emphasized as well. In turn, 
the arrows depict nuclei and pathways that are 
activated by peripheral and/or central signals of 
asphyxia. In particular, the red arrows depict neu-

rons intrinsically sensitive to hypoxia and/or 
hypercapnia. Because the diagram activations 
(arrows) were based mostly on c-fos immunohis-
tochemistry, it remains unclear whether they rep-
resent the depolarization of inhibitory or 
excitatory neurons. Neither is it clear whether 
these neurons were activated by local (pH, PCO 2 , 
PO 2 ) or extrinsic inputs (peripheral and/or central 
chemoreceptors). In any event, boutons were rep-
resented either as excitatory (pathway color) or 
as inhibitory (black) based on immunohisto-
chemical, electrophysiological and pharmaco-
logical studies.

   Most notably, whereas  in vitro  neurons of neo-
cortex and hippocampus are depressed by both 
hypoxia and hypercapnia [ 238 ], those of NTS, 
VLM, VMS, LC, PAG, PH and PMD are instead 
excited (red arrows). In particular, while the PH 
neurons are intrinsically sensitive to both hypoxia 
and hypercapnia [ 85 ,  232 ,  238 ], PAG and LC neu-
rons respond predominantly to hypoxia or hyper-
capnia, respectively. On the other hand, although 
the neurons of NTS, VLM and VMS are also 
intrinsically sensitive to  hypoxia   and/or  hyper-
capnia   [ 184 ,  225 ,  237 ,  288 ,  289 ], there are no 
reports that the stimulation of these nuclei pro-
duce defensive behaviors. Conversely, the PMD, 
PH, PAG and LC are both intrinsically sensitive to 
hypoxia and/or hypercapnia and traditionally 
involved in arousal and/or defensive behaviors. 
The latter structures are thus the best candidates 
to translate incoming signals of asphyxia to alert-
ing and/or defensive responses. 

 Existing evidence also suggests that respiratory 
responses to hypercapnia are facilitated by  both   the 
PH [ 290 ] and the PAG [ 282 ,  283 ]. On the other 
hand, data from lesion studies suggest that  DPAG   
(but not the  VLPAG   or the PH) inhibits the ventila-
tory response to hypoxia [ 283 ,  290 ]. While the 
former mechanism is already expected for a suffo-
cation alarm system, the latter would reduce oxy-
gen consumption upon lack of useful air. Because 
 DPAG   lesions attenuated predominantly the tidal 
volume [ 283 ], the  DPAG   appears to inhibit the 
pBöC. It is proposed that this effect is mediated by 
LPBA activation of an inhibitory interneuron 
(Fig.  2.16a ). In particular, Subramanian and 
Holstege [ 278 ] reported that chemical stimulations 
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  Fig. 2.15    Diagram of 
intra-periaqueductal 
connections modulating the 
sympathetic function as 
revealed by double-labeling 
with anterograde 
(leucoagglutinin of  Phaseolus 
vulgaris , PHA-L) and 
retrograde (pseudorabies virus, 
PRV) markers. PHA-L was 
injected into the  VLPAG   
(Stage 1) and, 6 days later, the 
PRV was injected into the 
stellate ganglion (Stage 2) 
(from Jansen et al. [ 164 ], with 
permission)       

  Fig. 2.16    The  suffocation alarm system  . Arrows repre-
sent structures activated by hypoxia and/or hypercapnia. 
 Red arrows  represent structures intrinsically sensitive to 
hypoxia, hypercapnia or both conditions, as assessed in 
 in vitro  slices. Green and blue neurons and boutons rep-
resent the core nuclei of non-respiratory (predation-like) 

and respiratory (suffocation-like) panic attacks.  Black 
boutons  represent inhibitory inputs.  White and yellow 
neurons  represent modulatory inputs and effector mech-
anisms, respectively. See text for explanation.  G  gabaer-
gic neuron,  Op  opioidergic neuron. Other labels as in 
abbreviation list       
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of the ‘ ventral part of    LPAG   ’ produce tachypnea 
while inhibiting the pBöC. The latter paradoxical 
effects suggest that the PAG takes over the control 
of respiration during panic-like reactions. 

 Although the PAG appears to be the fulcrum of 
suffocation signals from both forebrain and hind-
brain, the CePAG is the only PAG region targeted 
by afferents from commissural, medial and ventro-
lateral subnuclei of NTS [ 171 ,  172 ] that are the 
terminal fi elds of sinus nerve afferents [ 291 ] 
(Fig.  2.16b ). Interestingly, as well, whereas the 
repeated injection of high doses of KCN (>60 μg) 
produced widespread activations of the  DPAG   of 
the anesthetized rat [ 253 ], the single injection of a 
low dose of KCN (40 μg) that elicited a short-
lasting escape response activated only the rostrolat-
eral (LPAGr) and caudoventrolateral (VLPAGc) 
regions of PAG (C.J.T. Müller, unpublished 
results). In contrast, rats that developed escape 
upon severe ambient hypoxia (8 % O 2 ) showed sig-
nifi cant activations in rostral  sectors (−7.08 mm 
from bregma) of both  DLPAG   and  LPAG  , but not 
in  DMPAG   or  VLPAG   [ 200 ]. Importantly, as well, 
the NTS was labeled by both the ambient hypoxia 
and KCN [ 200 ,  253 , C.J.T. Müller, unpublished 
results]. While the differences in PAG activations 
by KCN (LPAGr and VLPAGc) and hypoxia 
( DLPAG   and LPAGr) may be due to hypoxia direct 
excitation of  DLPAG   [ 238 ], the only PAG region 
reliably activated by hypoxia was the LPAGr. In 
turn, whereas the LPAGr makes most connections 
with forebrain and hypothalamus, it is also targeted 
by afferents from  both   caudal  LPAG   and LPBA 
[ 167 ]. Remarkably, as well, the CePAG was mark-
edly labeled following repeated injections of higher 
doses of KCN (see Fig. 6 of Hayward and Von 
Reizenstein [ 253 ]). Moreover, Sandkühler and 
Herdegen [ 292 ] showed that restricted chemical 
stimulations of CePAG activate the LPAGr (see 
Fig. 5b, c in Sandkühler and Herdegen [ 292 ]). 
Taken together, these data support the involvement 
of both CePAG and LPAGr in respiratory-type 
panic attacks. In turn, the VLPAGc appear to medi-
ate the behavioral inhibitory effects of normoxic 
hypercapnia (Fig.  2.16c ). 

 The NTS could also project, either directly or 
indirectly, to neurons of the ventral part of  LPAG   
(Fig.  2.16d ) mistakenly regarded as part of 

 VLPAG  . Subramanian and Holstege [ 248 ] 
showed in addition that whereas the chemical 
stimulation of the ‘ ventral part of the    LPAG   ’ 
(−8 mm from bregma) produced tachypnea, that 
of  VLPAG   led to expiratory apneusis. Moreover, 
chemical stimulations of rather close regions of 
 LPAG   and  VLPAG   elicit the opposite responses 
of quiescence and escape [ 158 ,  293 ]. Taken 
together, data from chemical stimulations and 
c-fos immunohistochemistry suggest that the 
LPAGcv and the  VLPAG   harbor independent 
populations of neurons sensitive to peripheral 
and central signals of hypoxia and hypercapnia, 
respectively (Fig.  2.16b and e ). Data also suggest 
that  VLPAG  -CePAG and CePAG-LPAGcv might 
be crucial in early dyspnoea and late tachypnea 
of respiratory-type panic attacks, respectively. In 
this model, the CePAG appears as a comparator 
of hypercapnia signals from VMS and hypercap-
nia plus hypoxia signals from NTS. The preva-
lence of the latter signals would result in a 
respiratory-type panic attack. 

 In turn, the hypoxia appears to activate the 
 DLPAG   both directly, via local actions (red 
arrow), and indirectly, via PH excitatory projec-
tions and NTS disinhibitory projections [ 225 , 
 232 ] (Fig.  2.16f and g ). Although highly specula-
tive, afferents from hypothalamus are likely to 
convey complex signals of suffocation/asphyxia, 
such as stuffy or stale air, drowning, predators’ 
suffocation bite of nose or throat of preys, or even 
strangling in humans. The  latter   possibilities are 
supported by data of Lopes et al. [ 283 ] showing 
that  DMPAG  / DLPAG   (but not  LPAG  / VLPAG  ) 
inhibits ventilatory responses to hypoxia that 
could be counterproductive upon hypoxic condi-
tions of preys caught by predators or victims of 
avalanches, landslides or drowning. 

 Overall, above data suggest that respiratory- 
type panics to both environmental hypoxia and 
KCN [ 200 ,  246 ] are mediated by NTS projec-
tions either direct or indirect to CePAG-LPAGcv 
neurons that project in turn to the LPBA 
(Fig.  2.16h ) and, less markedly, to CnF ‘midbrain 
locomotor region’ (Fig.  2.16i ). By contrast, non- 
respiratory type panic attacks appear to be medi-
ated by  DLPAG   afferents from VMH, PMD and 
DLSC that convey pre-processed exteroceptive 
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signals (olfactory, auditory or visual) of an immi-
nent threat [ 52 ]. Output neurons of  DLPAG   
would in turn project to CnF and LC neurons that 
mediate escape and increased in attention to envi-
ronmental cues, respectively (Fig.  2.16i and j ). 
The apparently spontaneous clinical panic would 
thus be the result of the activation of either the 
CePAG-LPAGcv or the VMHdm-PMd- DLPAG   
efferent systems by as-yet-unknown molecular 
mechanism. 

 Krout et al. [ 284 ] showed, on the other hand, 
that the PAG sends profuse projections to most 
nuclei of LPBA (Fig.  2.16h ). Most notably, how-
ever, they showed that the CePAG is the only 
region that projects to the inner division of 
eLPBA. Interestingly enough, whereas the phar-
macological blockade of eLPBA produces robust 
attenuations of  DPAG  -evoked respiratory responses 
[ 270 ], chemical stimulations of the CePAG pro-
duces inspiratory apneusis [ 248 ]. Existing evidence 
suggests, on the other hand, that the inner division 
of eLPBA is specifi cally involved in the entrain-
ment of respiratory and locomotor patterns [ 286 ]. It 
is then proposed that only CePAG activations in the 
absence of exercise led to the dyspneic symptoms 
of panic attacks. 

 Neurons of  in vitro  slices of PAG are hardly 
excited by hypercapnia [ 238 ]. Conversely, the 
 VLPAG   is activated in rats exposed to a wide 
range of hypercarbic mixtures (5–20 %) [ 86 ,  223 , 
 225 ] (Table  2.3 ). These data suggest that  VLPAG   
activations by CO 2  are mostly of central origin. 
Remarkably, as well, hyperoxia (60 % O 2 ) did not 
affect  VLPAG   activations by hypercapnia [ 86 ] 
(Table  2.3 ). Because  glossopharyngeal fi bers   
convey signals of both hypoxia and hypercapnia, 
the latter data makes unlikely the  VLPAG   modu-
lation by peripheral chemoreceptor inputs. The 
 VLPAG   modulation by pH/ CO 2    central inputs is 
nevertheless supported by the profuse projections 
of VMS neurons to the caudal sectors of both 
 LPAG   and  VLPAG   [ 294 ] (Fig.  2.16e ). However, 
recent results of our group showed that the 
VLPAGc atop the LDTg nucleus is activated by 
both 13 % CO 2  and, quite unexpectedly, 40 μg 
KCN (C.J.T. Müller, unpublished results). The 
latter author also showed that KCN microinjec-
tions (20–200 pg/100 mL) into the PAG did not 

affect the rat behavior. The latter results are con-
sonant with the NTS modulation of VLPAGc. 

 Lastly, although the lesions of caudal  VLPAG   
block conditioned freezing [ 96 ,  173 ], chemical 
stimulations of  VLPAG   produce only quiescence 
[ 293 ], being pleasurable in both rats [ 180 ] and 
humans [ 101 ]. While the latter fi ndings make 
unlikely the  VLPAG   mediation of panic attacks, 
they suggest that the activation of  VLPAG   upon 
normoxic hypercapnia might be responsible for 
the lack of defensive responses of both rats and 
cats exposed to CO 2  concentrations as high as 
20 % [ 86 ,  221 ,  223 ,  246 ]. The latter mechanism 
might also explain the attenuation of   DPAG  - evoked 
defensive responses by 8 % and 13 % CO 2  [ 246 ]. 
As a corollary, the hypoxia-induced escape may 
be explained by the direct excitatory actions of 
hypoxia on neurons of  DPAG  . Similarly, the lack 
of activation of both  DLPAG   and  LPAG   in rats 
exposed to 1 %    CO [ 235 ] explains why the vic-
tims of CO intoxication die quietly in bed.  

2.8.8     Insights into a Neurochemical 
Puzzle 

 The molecular mechanisms underlying PAG 
intrinsic sensitivity to hypoxia remain completely 
unknown. Neurotransmission within the suffoca-
tion alarm pathways is likewise unsolved. 
Diffi culties are further aggravated by the apalling 
complexity of neurotransmission within the PAG, 
involving aminoacids both excitatory and inhibi-
tory, NE, 5-HT, CCK, nitric oxide (NO), sub-
stance P (SP), enkephalins (ENK), endomorphins 
(EDM), prepro-thyrotropin releasing hormone, 
orexin, galanin, somatostatin and vasoactive 
intestinal polypeptide, among other chemicals 
[ 162 ,  170 ,  172 ,  295 – 302 ]. 

 Notwithstanding, it is a quite remarkable fact 
that whereas the traditional benzodiazepines were 
ineffective in  DPAG  -evoked panic responses [ 60 ], 
low-doses (0.1–1.0 mg kg −1 ) of clinically- effective 
benzodiazepine panicolytics (alprazolam, clonaze-
pam) produced signifi cant attenuations of latter 
responses [ 303 ].  DPAG  - mediated panic-like 
responses to chemoreceptor stimulations were 
even more sensitive than those evoked by electrical 

2 A Neural Systems Approach to the Study of the Respiratory-Type Panic Disorder

mp2285@cumc.columbia.edu



46

stimulation, being markedly attenuated or virtually 
suppressed by clonazepam doses within the clini-
cal range (0.01–0.3 mg kg −1 ) [ 254 ,  255 ]. Conversely, 
microinjections of GABA-A receptor antagonists 
into the  DPAG   elicit all behavioral, cardiovascular 
and respiratory defensive responses of the rat [ 266 , 
 304 – 306 ]. In particular, Behbehani et al. [ 306 ] 
reported that the CePAG (i.e., the ‘ medial and 
medioventral parts of the PAG ’) is the region most 
sensitive to the microinjection of the GABA-A 
antagonist bicuculline. These data suggest that 
 DPAG   and CePAG are tonically inhibited by gab-
aergic synapses as would be expected for a system 
dedicated to cope with emergencies only. Indeed, 
Lovick and Stezhka [ 307 ] showed that although the 
 DPAG   harbors two populations of output neurons, 
only 18 % and 37 % cells of each population fi red 
spontaneously, both at low- fi ring rate (<4 Hz). 
Since the CePAG possesses the highest density of 
GABA-A receptors [ 306 ], it is worth examining 
whether the CO 2  inhibition of  DPAG  -evoked panic 
responses is mediated by these receptors. 

 On the other hand, plenty of evidence suggests 
that 5-HT exerts opposite roles in  DPAG   and 
 VLPAG  . In particular, whereas the 5-HT is pre-
dominantly excitatory in  DPAG   (72 % of respon-
sive neurons) [ 308 ], it is virtually inhibitory in 
 VLPAG   (94 % of responsive neurons) [ 309 ]. 
Stezhka and Lovick [ 177 ,  310 ] showed, on the 
other hand, that the dorsal NRD sends excitatory 
projections to  DLPAG  . Brandão et al. [ 308 ] also 
showed that the  DPAG   harbors both low-fi ring 
cells excited by 5-HT 2  agonists and high-fi ring 
cells inhibited by 5-HT 1A  agonists. Because the 
 DPAG   is tonically inhibited by gabaergic syn-
apses, it is tempting to speculate that high- and 
low-fi ring cells correspond to inhibitory interneu-
rons and excitatory output neurons, respectively. 

 Studies with c-fos immunocytochemistry 
showed, on the other hand, that whereas the NRD 
activity is markedly increased (200–450 %) by 
prolonged exposures (2 h) to moderate hypercap-
nia (10 % and 15 % CO 2 ) [ 86 ], it is unchanged by 
both prolonged exposures (3 h) to light hypercap-
nia (5 % CO 2 ) [ 222 ] and short exposures (5-min) 
to severe hypercapnia (20 % CO 2 ) [ 223 ] 
(Table  2.3 ). Because NRD activations by CO 2  
were blocked by hyperoxia (60 % O 2 ), the NRD 

seems also sensitive to PO 2  and/or peripheral che-
moreceptors [ 86 ]. If so, the latter data suggest that 
the NRD exerts a specifi c modulation of CePAG-
LPAGcv suffocation alarm system. Moreover, 
although prior studies found that the  DPAG   is the 
recipient of 5-HT afferents from NRD, NRO, 
NRPo and NRMn [ 215 ], Jansen et al. [ 164 ] 
reported that the CePAG (i.e., the ‘  LPAG     close to 
the wall of the aqueduct ’) is the main target of 
NRD projections. Indeed,  Ruiz- Torner et al. [ 169 ] 
found that the CePAG is further delimited by 
5-HT immunostaining. Not surprisingly, recent 
studies showed that escape reactions to either 
hypoxia or KCN are attenuated by chronic treat-
ments with fl uoxetine and  DPAG   microinjections 
of both 5-HT 1A  and 5-HT 2A  receptor agonists 
[ 254 ,  255 ]. Overall, these data suggest that SSRI’s 
attenuation of panic attacks might be mediated by 
the facilitation of 5-HT inhibitory actions both 
direct and indirect of  DLPAG   and CePAG-
LPAGcv circuit, respectively (Fig.  2.16 ). 

 Remarkably, as well, the CePAG is the main 
target of DMH glutamatergic neurons that are 
presumptively activated by interoceptive cues 
[ 311 ,  312 ]. In turn, whereas the CePAG is fairly 
delimited by the expression of EDM [ 172 ] and 
CCK [ 298 ], the SP is widely expressed across the 
full extension of  DMPAG   and  LPAG   and also 
caudal sectors of  DLPAG   [ 298 ]. Similarly, SP 
receptors (SPr) are particularly dense in cell bod-
ies and dendrites of approximately 6 % of neu-
rons of broad areas of  DPAG  , being observed in 
postsynaptic and nonsynaptic regions as well. A 
small proportion of axons (4.2 %) and axon ter-
minals (5.3 %) also showed SPr immunoreactiv-
ity in axo-dendritic synapses predominantly 
asymmetric (70 %) [ 313 ]. Whole-cell patch- 
clamp studies showed, on the other hand, that SP 
produces dose-dependent depolarizations of 
60 % of neurons of PAG [ 314 ], a greater propor-
tion of which (70 %) was inhibited by met- 
ENK. Taken together, these data suggest that SP 
may act in a diffuse, nonsynaptic manner, modu-
lating excitatory neurotransmission both presyn-
aptically and postsynaptically. 

 The balance between CCK, SP and opioid 
transmission into the PAG appears thus to be of 
major importance in subject’s vulnerability to 
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PD. Most notably, while CCK is a recognized pani-
cogen, Brodin et al. [ 315 ] showed that 1- or 7-day 
isolations of adult rats upregulate SP expression in 
 DPAG  . In turn, recent studies of Bassi et al. [ 316 ] 
showed that 1-day isolations signifi cantly increased 
the number and duration of 22 kHz  ultrasonic 
vocalizations (USVs)  , which were reversed by 
resocialization. Conversely, 14-day isolations pro-
duced reductions in USVs that could not be 
reversed by resocialization. The USVs were also 
reduced by the microinjection of SP into the dPAG 
(35 pmol/0.2 μL), an effect blocked by pretreat-
ment with the SP antagonist spantide (100 pmol/
0.2 μL). Bassi et al. [ 316 ] concluded that 1- and 
14-day isolations recruit distinct brain defensive 
systems. Most importantly, however, these studies 
suggest that SP might be implicated in  separation 
anxiety   and social loss predisposing effects on the 
development of PD. 

 Although the neurotransmission of both 
 DLPAG   and CePAG-LPAGcv is largely unsolved, 
data herein discussed suggests that the  DPAG   is 
endowed with the capability to process concomi-
tant signals of hypoxia and hypercapnia that make 
up real-life asphyxia. It is then proposed that suf-
focation sensations arise when the VMS- mediated 
hypercapnia inhibition of CePAG- LPAGcv is sur-
passed by NTS-mediated excitation of suffocation 
signals of hypoxic hypercapnia. Indeed, although 
the high-altitude illness is devoid of panic symp-
toms [ 148 ], Nepalese travelers eventually report 
nocturnal panic attacks when hypoxia is further 
aggravated by hypercapnia [ 149 ]. 

 From a molecular point of view, spontaneous 
panic attacks might be triggered by multiple 
mechanisms, including (1) phasic failure of 5-HT 
inhibition of CePAG-LPAGcv circuit, (2) CePAG-
LPAGcv activations by DMH-mediated interocep-
tive signals, (3) epigenetic defi ciency of EDM/
ENK transmission in CePAG and/or LPAGcv, (4) 
epigenetic upregulation of CCK transmission in 
CePAG (5) epigenetic upregulation of CCK in 
CePAG, (6) epigenetic upregulation of substance P 
transmission in  DPAG  . Although the occurrence 
of panic attacks in room-air conditions makes 
unlikely the involvement of NTS-CePAG path-
way, panics might also be predisposed by a genet-
ically-determined increase in  DPAG   neurons 
intrinsic sensitivity to hypoxia.   

2.9      Modeling Lactate 
Vulnerability in Rats 

 Because LAC is a major respiratory metabolite 
under hypoxic conditions, Pitts and McClure [ 7 ] 
seminal observations that infusions of 0.5 M LAC 
precipitates panic attacks in predisposed individu-
als but not in healthy patients had a major impact 
in panic research and in the development of SFA 
 theory   [ 24 ,  27 ,  42 ]. Surprisingly, however, most 
pre-clinical research suggests that LAC infusions 
activate hypothalamic circuits (Fig.  2.17 ) that 
show little overlap with pathways presumptively 
involved in suffocation [ 65 ,  66 ,  231 ].

   The hypothesis of the hypothalamic mediation of 
panic attacks was based on early observations that 
inhibitions of gabaergic transmission at PH facilitate 
freezing in experimental confl ict, escape in Sidman’s 
non-signaled avoidance and anxiety in the  elevated 
plus-maze (EPM)   [ 317 – 322 ]. Conversely, injections 
of a GABA-A receptor agonist (muscimol) into the 
PH released punished behavior [ 319 ]. Although the 
DMH involvement in defensive behaviors was dis-
carded in earlier studies, further research identifi ed 
the effective sites in DMH properly [ 320 ] and, more 
recently, in PeF [ 231 ]. As well, Shekhar [ 320 ] 
showed that baseline anxiety in EPM is either 
increased or decreased by blocking or enhancing the 
gabaergic transmission in DMH, respectively. 
Shekhar [ 323 ] also showed that DMH-evoked 
defensive behaviors were blocked by subchronic 
treatments with the clinically effective panicolytics 
imipramine (5 and 15 mg kg −1 , 7 days) and clonaz-
epam (5 mg kg −1 , 3 days). 

 Most notably, however, the DMH depletion of 
GABA by chronic microinfusions of the inhibitor 
of glutamate decarboxilase  l -allylglycine (L-AG) 
(Fig.  2.17a ) rendered rats sensitive to LAC infu-
sions that precipitate panic in patients (i.e., 0.5 M, 
10 mL kg −1  per 15 min) [ 64 ]. In particular, 
whereas the LAC infusions increased heart rate, 
blood pressure and anxiety in rats treated with 
L-AG, they were ineffective in controls treated 
with the inactive isomer  d - allylglycine. Shekhar 
et al. [ 324 ] also showed that LAC microinjec-
tions into the  organum vasculosum lamina termi-
nalis (OVLT)   produce anxiety- like behaviors that 
were blocked by local microinjections of both 
tetrodotoxin and glutamate antagonists in OVLT 
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and DMH, respectively. In contrast, the microin-
jections of tetrodotoxin in the  subfornical organ 
(SFO)   and medial preoptic area were without 
effects, making unlikely the involvement of the 
angiotensinergic pathways that mediate thirst 
[ 325 ]. 

 Further studies showed that LAC-evoked anxi-
ety responses were sensitive to both panicogens 
and panicolitics. For instance, whereas the LAC- 
induced anxiety was facilitated by the putative 
panicogen yohimbine [ 321 ,  326 ], it was blocked 
by the panicolytic benzodiazepine alprazolam 
[ 327 ]. Moreover, chemical kindling of the amyg-
dala by repe ated microinjections of GABA-A 
and urocortin antagonists rendered rats sensitive 
to LAC infusions as shown by the increase of 
anxiety in social interaction test (SI) [ 328 ,  329 ]. 
Next, Shekhar and collaborators showed that 
whereas the LAC-induced anxiety was facilitated 
by the microinjection of angiotensin-II into the 
DMH, it was attenuated by both the blocking of 
angiotensin-II receptor [ 322 ] and the silencing of 
orexin-1 receptor gene [ 330 ]. Taken together, 
these studies provided support to the argument 
that LAC-evoked anxiety is mediated by OVLT 

angiotensin and orexin efferents to amygdala- 
projecting neurons of DMH [ 322 ,  330 ] (Fig.  2.17 ). 

 Although the microinjections of LAC in the 
 subfornical organ (SFO)   and medial preoptic 
area were without effects [ 324 ], the latter fi nding 
do not rule out the question whether the LAC- 
induced anxiety of rats is a by-product of either 
thirst [ 331 ,  332 ] or hunger [ 333 ] states supposed 
to be mediated by angiotensin and orexin, respec-
tively. Orexin appears also involved in behavioral 
arousal responses [ 334 ,  335 ] that could have 
affected the rat performance in both SI and 
EPM. As a matter of fact, further studies reported 
the puzzling fi nding that L-AG treated ‘panic- 
prone’ rats showed increased anxiety to intrave-
nous infusions of 0.5 M sodium chloride [ 336 ]. 
Because isosmolar infusions of D-mannitol were 
ineffective, the authors concluded that LAC- 
evoked panic is due to the activation of osmosen-
sitive pathways by increased concentration of 
sodium rather than of lactate. Conversely, how-
ever, Kellner et al. [ 337 ] showed that neither PD 
patients, nor healthy volunteers developed panic 
to intravenous infusions of a 2.7 % NaCl solution 
isosmolar to 0.5 M LAC. 

  Fig. 2.17    Evidence-based presumptive pathways of lac-
tate induced panic attacks.  Red arrows  represent c-fos 
labeled structures following LAC infusions in  l - 
allylglycine (L-AG) treated rats.  White and black boutons  

represent excitatory and inhibitory inputs, respectively. 
See text for explanation.  G  gabaergic neuron,  Op  opioi-
dergic neuron. Other labels as in abbreviation list       
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 Another drawback of above studies is the eval-
uation of ‘panic’ through animal models of GAD 
(SI, EPM). Accordingly, we cannot rule out the 
involvement of both angiotensin and orexin in 
anxieties accompanying thirst and hunger. The 
hypothesized participation of the  amygdala   in 
panic attacks was in turn severely compromised 
by the demonstration that fear-unresponsive 
 Urbach-Wiethe disease   patients lacking the amyg-
dala develop panic attacks both spontaneously 
[ 76 ] and in response to 35 % CO 2  [ 77 ]. Conversely, 
pre-clinical studies in rats showed that kindling of 
the amygdala facilitates fear-like resistance to 
capture while inhibiting the panic- like responses 
to electrical stimulation of  DPAG   [ 338 ]. 

 There are at least two more reasons that make 
unlikely the DMH mediation of panic attacks 
properly. First, although the LAC-induced panic 
attacks of humans are not accompanied by activa-
tions of HPA  axis  , chemical stimulations of DMH 
in awake rats produced over 650 % increases in 
ACTH plasma levels [ 339 ,  340 ]. Not surprisingly, 
the PVN is the main recipient of DMH projec-
tions [ 311 ]. Second, data from our laboratory 
showed that high-resolution frequency- varying 
low-intensity stimulation (<50 μA, a.c.) of DMH 
 pars diffusa  (DMHd) produced only exophthal-
mus, whereas that of DMH  pars compacta  
(DMHc) produced exophthalmus, immobility, 
defecation and micturition (A.C. Alves, unpub-
lished results). The limited repertoire of DMHd 
was confi rmed by chemical stimulations with 
  N -methyl- D -aspartic acid (NMDA)  . The latter 
study showed in addition that while the electrical 
and chemical stimulations of DMHd elicited 
robust ingestive behaviors in sated rats, uninten-
tional stimulations of dorsomedial VMH 
(VMHdm) elicited all defensive responses of the 
rat, including trotting, galloping and jumping, at 
thresholds similar to those of  DPAG  . The latter 
data suggest that the eventual elicitation of escape 
during DMH  stimulations may be due to the 
spreading of either current or drug to VMHdm. 
As a matter of fact, a recent study in humans 
reported panic attack provocation following elec-
trical stimulation of VMH [ 78 ]. 

 Most importantly, Johnson et al. [ 341 ] exam-
ined c-fos protein expression in L-AG treated rats 

following the intravenous infusion of either LAC 
or 0.9 % NaCl. Compared to saline treated con-
trols, LAC infusions of panic-prone rats produced 
signifi cant increases in c-fos expression in OVLT 
(171 %) but not in SFO or AP regions which are 
also devoid of blood-brain barrier. There were 
also signifi cant activations of DMH (84 %), PVN 
(150–360 %), SON (243 %), CeA (241 %), PBA 
(382 %) and NTS (700 %) (red arrows in 
Fig.  2.17 ). Remarkably, the authors stressed that 
the PBA was ‘ the only major respiratory center 
that clearly responded ’ to LAC infusions. 
Moreover, LAC-induced activations of PBA were 
signifi cantly correlated with increases in respira-
tory rate, but not with heart rate, blood pressure or 
anxiety. Although the NTS neurons were also 
markedly labeled in panic-prone rats, neurons 
were very often immunoreactive for both c-fos 
and GAD, thereby suggesting the depolarization 
of gabaergic interneurons rather than output neu-
rons [ 341 ]. In the same vein, LAC infusions failed 
in activating the ventral medullary areas which 
are established targets of NTS, including rostral 
and caudal VLM, pBöC and nucleus ambiguous. 
Neither did the LAC activated the VMS. The only 
exception was a light though signifi cant activation 
of C1 adrenergic neurons involved in both tonic 
and phasic control of blood pressure. 

 Lactate brain activations are consonant with 
respiratory effects of 0.5 M and 2 M LAC infu-
sions in freely-moving Wistar rats [ 342 ]. Indeed, 
0.5 M LAC increased respiratory rate while 
decreasing the tidal volume, thereby suggesting 
that LAC activate predominantly the PBA [ 265 ]. 
Most notably, Johnson et al. [ 341 ] showed that 
LAC infusions activate the same subnuclei of 
LPBA targeted by the  LPAG   (i.e., superior lat-
eral, rostral lateral, dorsal lateral, medial and lat-
eral crescent areas) and the CePAG (inner 
division of eLPBA) (note, however, that the inner 
division of eLPBA was mistakenly named ‘ven-
trolateral PBN’, personal communication of 
P.L. Johnson). These areas show partial overlap 
with terminal fi elds of the NTS efferents to dor-
sal, central and eLPBA subnuclei of LPBA [ 343 –
 345 ]. Conversely, LAC marked activations of 
PBA are hardly explained by DMH occasional 
farthest projections to this nucleus [ 311 ]. 
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 Recent data suggest, on the other hand, that 
PBA activations may be independent from NTS 
afferents. In particular, Kaur et al. [ 346 ] showed 
that 2-h exposures of mice to 10 % CO 2  activates 
VLM glutamatergic projections to both the exter-
nal lateral and the lateral crescent subnuclei of 
PBA which project in turn to respiratory motor 
neurons. These authors also showed that selective 
delection of the gene of vesicular glutamate 
transporter-2 blocked respiratory arousal to 
hypercapnia [ 347 ]. Taken together, these studies 
suggest that VLM glutamatergic projections to 
LPBA are implicated in respiratory activations to 
CO 2 . However, it is worth remembering that 
0.5 M LAC infusions did not activate any medul-
lary respiratory structure. 

 Importantly, as well, PBA neurons are 
depressed by opioids [ 348 ,  349 ]. Accordingly, it is 
tempting to speculate that respiratory activations 
to naloxone-preceding LAC infusions in healthy 
volunteers were due to blockade of opioid recep-
tors of PBA [ 120 ]. This mechanism could also 
explain why these infusions produced hyperventi-
lation but not panic [ 120 ]. Consonant with the lat-
ter fi nding, LAC infusions of  ‘panic- prone’ rats   
did not increase c-fos expression in any region of 
PAG [ 341 ]. The latter data are also in agreement 
with the lack of effects of 0.5 M LAC infusions in 
KCN-evoked experimental panic presumptively 
mediated at  DPAG   (E.A. Moraes, unpublished 
results). It remains to be examined whether the 
KCN-evoked panic is facilitated by higher concen-
trations of LAC. Indeed, Olsson et al. [ 342 ] sug-
gested that human infusions with 0.5 M LAC are 
better modeled by rat infusions with 2 M LAC. 

 On the other hand, double-labeling of both 
c-fos protein and tryptophan hydroxylase showed 
that whereas the LAC infusions activate 5-HT 
neurons of NRDlw in D-AG treated controls 
(yellow arrow in Fig.  2.17 ), they are ineffective in 
L-AG treated  ‘panic-prone’ rats   [ 231 ,  260 ]. 
Although the DMH does not project signifi cantly 
to  DPAG   or NRDlw, it does project to CePAG 
[ 310 ,  312 ] (Fig.  2.17 ) and, indirectly, to NRDv 
via massive projections to PeF/lateral hypothala-
mus [ 52 ]. There is also evidence that nearly 65 % 
of DMH projections to PAG are glutamatergic 
[ 297 ,  350 ]. Indeed, the microinjection of gluta-

mate antagonists into the  DLPAG  / LPAG   sup-
presses the cardiovascular responses to chemical 
stimulations of DMH [ 351 ,  352 ]. In turn, the 
NRDv projects mostly to  VLPAG   and CePAG 
[ 164 ]. Because 5-HT actions are predominantly 
inhibitory in  VLPAG  /NRDlw [ 309 ], these data 
suggest that LAC behavioral effects may be due 
to the NRDv-mediated inhibition of NRDlw 
inhibitory inputs to CePAG-LPAGcv (Fig.  2.17 ). 
It is also proposed that 5-HT excites CePAG via 
5-HT 2  receptors [ 309 ] (Fig.  2.17 ). The disruption 
of gabaergic tone in the DMH could thus facili-
tate the respiratory-type panics both directly, via 
facilitation of DMH glutamatergic projections to 
NRDd and CePAG, and indirectly, via NRDv dis-
inhibition of CePAG-LPAGcv panic circuit 
(Fig.  2.17 ). These data give support to the argu-
ment that subjects vulnerable to LAC infusions 
present defi ciencies in both GABA and 5-HT 
inhibitory inputs to DMH and CePAG-LPAGcv 
panic circuit, respectively. 

 On the other hand, it is a quite remarkable fact 
that 0.5 M LAC infusions neither activated the 
PAG [ 341 ], nor facilitated the KCN-evoked panic 
attacks of rats (E.A. Moraes, unpublished results), 
or produced panics in naloxone-treated healthy 
volunteers [ 120 ]. LAC infusions also did not 
facilitate KCN-evoked panics of rats that were 
either pre-treated with naloxone or neonatally- 
isolated throughout lactation (E.A. Moraes, 
unpublished results). Nonetheless, LAC infusions 
produced marked activations of the LPBA and, 
mostly, of the inner division of eLPBA (see Fig. 
S3b, d of Johnson et al. [ 341 ] which is the specifi c 
target of CePAG [ 284 ]. Remarkably, as well, the 
LPBA sends profuse efferents to primary intero-
ceptive areas of PIC [ 353 ] that project in turn to 
the  VLPAG   [ 354 ,  355 ] (Fig.  2.17 ). The LPBA-
PIC- VLPAG   circuit could thus be the basis of 
panic attack cognitive theories of the ‘catastro-
fi zation’ of bodily symptoms [ 21 – 23 ]. Indeed, the 
 insula   is one of few structures activated by both 
LAC infusions and CO 2  exposures in patients and 
volunteers, respectively [ 205 ,  206 ]. 

 Concluding, although the evidence is mixed, 
pre-clinical data suggest that LAC-evoked behav-
ioral effects might be provoked by (1) GABA 
defi cient inhibition of DMH excitatory inputs to 
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CePAG-LPAGv, (2) DMH/NRDv inhibition of 
NRDlw inhibitory inputs to CePAG-LPAGv, (3) 
NTS-mediated activation of PBA-CePAG- LPAG  , 
and, (4) LAC direct activations of LPBA-PAG or 
LPBA-PIC- VLPAG   circuits. Admittedly, the 
mechanisms underlying LAC-evoked panic 
attacks remain largely obscure almost 50 years 
from its discovery by Pitts and McClure [ 7 ].  

2.10     Modeling Neuroendocrine 
Unresponsiveness of  Panic 
Attacks   

 The concept of stress was coined by Hans Selye 
[ 356 ,  357 ] to denote a complex syndrome caused 
by various noxious agents thereafter named 
‘stressors’.  Selye’s ‘stress hypothesis’   had a 
widespread infl uence on medical world and, 
mostly, immunology and psychiatry. In particu-
lar, clinical and experimental studies implicate 
stress in depression, panic, and post-traumatic 
stress disorder [ 358 – 362 ]. Selye’s hallmark was, 
however, the doctrine of the non-specifi city of the 
‘ alarm reaction ’ according to which “stress” 
became almost a synonym of the HPA  axis   acti-
vation that follow the exposure of mammals to a 
perplexing number of stressors. Further studies 
showed that PRL secretion is also increased in 
response to a great number of physical and psy-
chological stressors [ 363 – 365 ]. 

 Notably, however, plenty of evidence showed 
that ACTH, COR and PRL are unaltered during 
panic attacks. Indeed, neither the situationally 
provoked panic attacks of agoraphobics [ 16 ] nor 
the experimentally provoked panics to LAC and 
CO 2  [ 13 ,  15 ,  17 – 19 ,  366 ] increased stress hor-
mones signifi cantly relative to healthy controls. 
COR plasma levels actually decreased in ten pan-
icking subjects exposed to 7 % CO 2  [ 366 ]. 
Despite a small sample size, Cameron et al. [ 14 ] 
also did not fi nd any change in stress hormones 
either at peak or 10 and 60 min after nine sponta-
neous panic attacks in four hospitalized patients. 
The neuroendocrine unresponsiveness of clinical 
panic is both intriguing and an important clue for 
understanding the neurobiology of PD. In partic-
ular, Preter and Klein [ 27 ] suggested that upon 

suffocation HPA  axis   activation would counter-
productively increase catabolic activity beyond 
the adaptive capacity of the organism. 

 Cortisol concentrations were nevertheless 
increased in the saliva of patients having severe 
panic attacks [ 367 ]. The HPA  axis   is also acti-
vated in human, fear-like, panics marked by pal-
pitations, tremor and sweating, but devoid of 
suffocation symptoms.    These fear-like panics can 
be provoked by drugs that either produce anxiety, 
such as β-carboline, yohimbine, pentylenetetra-
zole and fenfl uramine [ 368 ,  369 ] or stimulate  in 
vitro  neurons of the PVN [ 368 ]. Therefore, 
although the CCK-related peptides (CCK-4, 
CCK-8S, and pentagastrin) produce panic attacks 
and HPA activations [ 370 – 372 ], neuroendocrine 
effects of these peptides appear to be due to phar-
macological stimulation of PVN neurons by 
mechanisms unrelated to panic. Indeed, both  in 
vivo  and  in vitro  studies showed that CCK stimu-
lates DMH and PVN neurons either directly or 
indirectly via the activation of peripheral recep-
tors [ 368 ,  373 ]. Moreover, the chronic treatment 
with a clinically effective panicolytic (citalo-
pram) decreased the intensity of the CCK- 
induced panic attacks; however, it did not change 
the HPA  axis   response to this neuropeptide [ 374 ]. 
Lastly, CCK-induced panic attacks were blocked 
by the 5-HT 3  antagonist odasentron [ 375 ], vagot-
omy and CCK-A receptor antagonists [ 368 ,  376 ], 
thereby suggesting the contribution of a peripher-
ally mediated component. 

 Because humans are susceptible to both sug-
gestion and procedural anxiety, the demonstration 
that  DPAG  -evoked panic responses do not acti-
vate the HPA  axis   would be invaluable evidence 
of  DPAG   mediation of panic attacks. Indeed, a 
preliminary study by our group showed that nei-
ther the ACTH nor the PRL secretion increased 5 
and 15 min after the panic-like behaviors pro-
duced by 1-min electrical stimulation of the 
 DPAG   [ 377 ]. Nonetheless, further analyses 
showed that corticosterone (CORT) plasma levels 
were signifi cantly increased (285.2 ± 8 ng/mL) 
one week after the electrode implantation (unpub-
lished results). Accordingly, the lack of ACTH 
responses might have been due to the CORT 
increased level inhibition of HPA  axis   in rats 
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recently implanted with both an electrode (7 days 
prior to testing) and an indwelling catheter (2 days 
prior to testing). Additionally, Lim et al. [ 378 ] 
reported a conspicuous increase (160 %) in CORT 
plasma level 30 min after a  DPAG  -evoked 1-min 
explosive fl ight bout (‘ running with aimless direc-
tion ’) in 4-week surgery- recovered rats presenting 
reduced baseline levels of CORT (70 ng/mL). 
   Such confl icting data might be explained by the 
different degrees of physical effort during the 
 DPAG  -evoked fl ight behaviors of rats stimulated 
in arenas of rather different areas (0.3 m 2  versus 
1 m 2 ). That physical effort is relevant in HPA  axis   
responses was already shown by Schenberg et al. 
[ 377 ] report of a moderate (83 %) though non-
signifi cant increase in ACTH plasma levels fol-
lowing the exhausting effort of  DPAG  -evoked 
repetitive fl ight bouts. 

 Most importantly, however, a recent study from 
our group showed that stress hormones remain 
unchanged when  DPAG  -evoked escape is pre-
vented by stimulating the rat in a 20-cm diameter 
roofed cylinder (0.03 m 2 ) with stimuli that elicited 
full-blown fl ight behaviors in a 55-cm diameter 
open-fi eld (1 m 2 ) [ 379 ] (Fig.  2.18 ). Neither did the 
ACTH increase when physical exertion was statis-
tically adjusted to the average effort of non-stimu-
lated controls as measured by LAC plasma levels. 
In contrast, foot-shocks of the same duration as the 
intracranial stimulus produced marked neuroendo-
crine responses that were not correlated with mus-
cle activity (Fig.  2.19 ).

    The importance of physical exertion in  DPAG  - 
evoked neuroendocrine responses is further evi-
denced by studies showing that rat escape 
responses to both  DPAG   stimulations and 20-kHz 
artifi cial alarm calls attain maximum average 
speed of 1.9 m/s (6.8 km/h) [ 380 ,  381 ]. This 
speed is over four times the rat treadmill speed 
(1.5 km/h) required to produce signifi cant 
increases in both PVN c-fos expression and LAC 
and ACTH plasma levels [ 382 ]. 

 The HPA  axis   unresponsiveness to  DPAG   
stimulations is further supported by the lack of 
the  DPAG   excitatory projections to PVN. Indeed, 
Pittman et al. [ 383 ] showed that PAG stimula-
tions activated only 2 of 188 neurons tested in the 
PVN. In turn, Ziegler et al. [ 384 ] recently showed 

that PAG glutamatergic efferents to the PVN 
arise only from the  VLPAG      and the yet undiffer-
entiated commissural PAG. These regions are 
either much ventral or much rostral to the stimu-
lated sites of our studies, respectively. 

 The above data might suggest that HPA  axis   
unresponsiveness in clinical panic is solely due to 
the lack of  DPAG   projections to PVN. Remarkably, 
however, the HPA  axis   is likewise unresponsive 
to 20-kHz artifi cial alarm calls that cause full- 
blown fl ight behaviors, tachycardia and wide-
spread activations of  DPAG  , DMH, BLA, CeA 
and paraventricular nucleus of the thalamus 
(PVT) but not of PVN [ 381 ,  385 ]. Because the 
HPA  axis   is robustly activated by stimulations of 
both DMH [ 340 ] and CeA [ 386 ], the HPA  axis   is 
most likely inhibited during both the  DPAG   stim-
ulation and the 20-kHz artifi cial alarm call. In 
particular, Bhatnagar et al. [ 387 ] presented evi-
dence of a PVT-mediated inhibition of HPA  axis   
by CCK afferents from  VLPAG   (note, however, 
that the CCK neurons of PAG are predominantly 
localized along the CePAG [ 298 ]). 

 Because the HPA  axis   is markedly activated in 
both stressful and non-stressful conditions, a 
recent multinational authoritative consensus 
review on stress proposed that the “ use of terms 
‘stress’ and ‘stressor’ should be restricted to 
conditions and stimuli where predictability and 
controllability are at stake ” [ 388 ]. Yet, panic 
attacks are neither controllable nor predictable 
and do not activate the HPA  axis  . Koolhaas et al. 
[ 388 ] added that stress should be reconceptual-
ized as “ a stimulus or environmental condition in 
which the response demands exceed the adaptive 
capacity of the organism ”. As a result, the home-
ostatic responses should be modifi ed (allostatic 
changes) to achieve stability “ in anticipation ” of 
physiological requirements of stress [ 388 ]. The 
latter argument is consonant with Preter and 
Klein’s [ 27 ] contention that under suffocation, 
the acute activation of the HPA  axis   would coun-
terproductively increase the oxygen demand 
beyond the adaptive capacity of the organism. 
Accordingly, Preter and Klein [ 27 ] proposed that 
 fear   neuroendocrine response should be modifi ed 
during asphyxia to allow energy conservation 
until a possible escape. 
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 Nevertheless, whereas the 20-min exposure of 
anesthetised dogs to low levels of hypercapnia 
(6 % CO 2 ) did not alter the secretion of both 
ACTH and CORT, 20-min exposures to moderate 
hypoxia (10 % O 2 ) produced a 175 % increase in 
the ACTH plasma level that was attenuated 
(albeit not abolished) by chronic chemodenerva-

tion of the carotid body [ 389 ]. HPA  axis   activa-
tions of anesthetized animals were even more 
conspicuous with higher levels of both hypoxia 
and hypercapnia [ 390 ,  391 ]. Most importantly, 
however, acute exposures (20 min) of conscious 
rats to normocapnic hypoxia (7 % O 2 ), hypercap-
nia (8 % CO 2 ) or hypercapnic hypoxia (7 % O 2 , 
8 % CO 2 ) produced ACTH increases of approxi-
mately 100 %, 200 % and 300 %, respectively 
[ 227 ]. While these fi ndings contradict Preter and 
Klein’s [ 27 ] argument, the lack of HPA responses 
appears nevertheless to hold in prolonged 
hypoxia. For instance, neither the secretion of 
ACTH, nor that of CORT showed any change fol-

  Fig. 2.18    Hormone and metabolite plasma levels follow-
ing electrical stimulations of  DPAG   of rats placed in a small 
compartment (20-cm diameter roofed-cylinder) that pre-
vented fl ight behavior. Rats were stimulated either fi ctively 
(SHAM) or at the fl ight threshold intensity ( DPAG  ) deter-
mined 2 weeks before in a 60-cm diameter open- fi eld. 
Columns represent means (±SEM) from blood samples col-
lected 3 or 30 min after the end of 1-min intracranial stimu-
lus. Groups which were further exposed to a 60-cm 
diameter brightly-lit open-fi eld (30-min groups) showed 
marked increases in both CORT and ACTH, confi rming the 
HPA responsiveness to a novel environment.  ACTH  corti-
cotropin,  CORT  corticosterone,  GLU  glucose,  LAC  lactate, 
 PRL   prolactin  . Symbols indicate (*) signifi cant differences 
between 3- and 30-min plasma levels for the same treat-
ment and (#) signifi cant differences between SHAM and 
 DPAG   groups for the same sample interval (from Armini 
et al. [ 379 ], with permission)       

  Fig. 2.19    Hormone and metabolite plasma levels 3 or 
30 min after the application of 1-min foot-shocks either 
effective (1 mA) or fi ctive. Note the marked increase in 
ACTH, PRL and LAC 3 min after the end of foot-shock. 
Symbols indicate (#) signifi cant differences from sham- 
shocked group for the same blood sampling interval, or 
(*) signifi cant differences from 3-min plasma level for the 
same shock condition. Other details as in Fig.  2.18  (from 
Armini et al. [ 379 ], with permission)       
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lowing the 42-h exposure of conscious rats to 
hypocapnic hypoxia [ 392 ]. Consequently, data 
suggest that the PAG inhibition of HPA  axis   
might be masked during acute asphyxia by neu-
roendocrine activations brought about by NTS 
excitatory projections to PVN, DMH, CeA and 
bed nucleus of stria terminalis [ 187 ]. Finally, 
although the HPA  axis   is reportedly activated 
during panics caused by two tidal-volume inhala-
tion of 35 % CO 2 , NTS projections to both PAG 
and PVN are believed to be inactive during room- 
air conditions of spontaneous panic attacks. 

 Irrespective of the mechanism involved, the 
lack of stress hormone responses in the  DPAG  - 
evoked panic-like behaviours stands out as a 
compelling evidence of the  DPAG   mediation of 
clinical panic.  

2.11     Modeling the Comorbidity 
of Panic Disorder 
 with Childhood Separation 
Anxiety   

 Although clinical and epidemiological evidence 
suggests that  CSA   predisposes the subject to 
adult-onset PD (for review, see Aschebrand et al. 
[ 37 ], other studies reported that neither  CSA   
[ 393 ] nor early-life adversity [ 35 ,  41 ] had any 
effect on later incidence of panic attacks. For 
instance, Roberson-Nay et al. [ 41 ] showed that 
although PD and  CSA   share a common genetic 
diathesis, childhood adversities account for only 
1.2 % of adult-onset panic attacks. Conversely, 
Spatola et al. [ 153 ] reported that early-life adver-
sities do correlate with CO 2  hypersensitivity pro-
vided that the stressful events took place before 
18 years of age. Accordingly, the infl uence of the 
early-life adversities in the later development of 
PD remains unclear. Whether genetic or epige-
netic, the brain mechanisms whereby  CSA   pre-
disposes subjects to PD are completely unknown. 

 Although the comorbidity of psychiatric dis-
orders is rarely studied in animals, a recent study 
of Quintino-dos-Santos et al. [ 137 ] examined 
whether the  neonatal social isolation (NSI)  , a 
model of  CSA  , facilitates panic-like behaviors 
produced by electrical stimulations of the  DPAG   

in adulthood. To rule out the infl uences of genetic 
background and caregiving behaviors, the authors 
employed a split-litter design in which half of 
male pups were subjected to 3-h daily isolations 
throughout lactation (PN2-PN21) while siblings 
and dam were moved to another box. Because 
siblings were both handled and kept with a 
separation- anxious mother, they were considered 
a sham-isolated group. Experimental groups 
were further compared with controls that 
remained undisturbed in home-cages until wean-
ing. At 60 days of age, the rats were implanted 
with electrodes into the  DPAG   and, 1 week later, 
subjected to sessions of  DPAG   stimulation, EPM 
and forced-swimming (FST) for the assessment 
of panic vulnerability, baseline anxiety and 
depressive mood, respectively. 

 Results showed that  DPAG  -evoked panic-like 
responses of immobility, exophthalmus, trotting, 
galloping and jumping were signifi cantly facili-
tated in NSI rats relative to both sham-isolated 
and control groups (Fig.  2.20 ). In contrast, NSI 
rats did not show any change in scores of either 
anxiety or depression relative to sham-isolated 
rats. Groups also did not differ with respect to 
defecation or micturition responses to  DPAG   
stimulations. The latter observations agree with 
previous studies suggesting that  DPAG  -evoked 
defensive behaviors (freezing and fl ight) and pel-
vic viscera responses (micturition and defeca-
tion) are processed by functionally distinct 
systems [ 60 ,  165 ,  246 ,  394 ,  395 ]. As it regards, it 
is pertinent that urges of defecation and micturi-
tion are neither experienced by patients during 
panic attacks [ 53 ,  396 ] nor recognised as symp-
toms typical of clinical panic [ 397 ,  398 ]. In any 
event, the NSI facilitation of  DPAG  -evoked 
defensive behaviors are the fi rst behavioral evi-
dence in animals that early-life separation stress 
selectively facilitates panic-like behaviors in 
adulthood. Importantly, as well, these data impli-
cate the  DPAG   not only in panic attacks but also 
in the predispositions of separation- anxious   chil-
dren to the later development of PD.

   The study of Quintino-dos-Santos et al. [ 137 ] 
is consonant with previous data showing that 
neonatally-isolated adult rats present sex- 
dependent facilitations of panic-like respiratory 
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responses to either hypoxia (males) or hypercap-
nia (females) [ 37 ,  138 ,  399 – 402 ]. As a corollary, 
the PAG is unresponsive to hypoxia during 
PN2-PN12 [ 225 ] ‘ stress hyporesponsive period’   
in which the mother shields the pup against early- 
life adversities [ 256 – 258 ]. Although Dumont 
et al. [ 138 ] suggested that NSI facilitates the cen-
tral processing of chemoreceptor afferent inputs, 
Quintino-dos-Santos et al. [ 137 ] presented evi-
dence that neonatal separation may sensitise 
 DPAG   regions that mediate defensive responses. 
As a matter of fact, predators are the major threat 
to the separated pup. Otherwise, NSI facilitations 
of  DPAG  -evoked panic could be the result of 
enduring plastic changes of both ascending and 
descending projections of  DPAG  . Lastly, panic 
facilitations could be the outcome of early-life 
programming of HPA  axis   [ 403 ]. Indeed, the 
HPA  axis   is known to be hyperactive in both 
panic patients [ 404 ,  405 ] and adult rats subjected 
to a 24-h single period of mother deprivation 

[ 128 ,  406 ] or to 3-h daily periods of maternal 
separations [ 400 ,  407 ] during the ‘stress hypore-
sponsive period’. 

 The study of Quintino-dos-Santos et al. [ 137 ] 
is reminiscent of Rachel Klein’s [ 36 ] 15-year 
double-blind interview-based follow-up study of 
children presenting manifest symptoms of  CSA   
(school refusal). The latter study showed that 
although the diagnoses of  major depression dis-
order (MDD)   did not differ from controls, 
separation- anxious subjects showed signifi cant 
increases in the frequency of both panic attacks 
and hospitalizations due  to   depressive episodes. 

 Unexpectedly, however, recent studies from our 
laboratory showed that rats subjected to 3-h daily 
maternal separations along the lactation period 
(PN2-PN21) were more resilient than both controls 
and rats separated during ‘stress hyporesponsive 
period’ only (PN2-PN12) (A.C.B. Aguiar, unpub-
lished results). In particular, 21-day separated rats 
showed longer swimming duration in FST, 

  Fig. 2.20    Median threshold intensities (I 50  ± SE) of 
 DPAG  -evoked behaviors of neonatally-isolated rats, 
sham-isolated rats and non-handled controls. Symbols 
represent values signifi cantly different from controls (*) 

and sham-isolated rats (+) for Bonferroni’s 5 % criterion 
(likelihood ratio chi-square tests for curve location) (from 
Quintino-dos-Santos et al. [ 137 ], with permission)       
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increased appetite for sugar in  sucrose preference 
test (SPT)  , higher thresholds of  DPAG  -evoked 
panic responses and higher weight gains. Procedures 
of latter study were nevertheless rather distinct from 
Quintino- dos- Santos et al. [ 137 ]. For instance, 
whereas the treatments of latter study were applied 
to siblings from the same litter, those of recent study 
were applied to pups of independent litters. 
Moreover, whereas the previous study employed 
group- reared adult rats, the recent study examined 
rats reared individually. As well, Quintino-dos- 
Santos et al. [ 137 ] surgery (bone removal for sinus 
exposure) and recovery period (7-day in glass-
walled brightly-lit individual cages) were more 
stressful than the surgery (burr hole only) and 
recovery (28-day period in polypropylene individ-
ual cages) of the recent study. Yet, because sham-
isolated rats of former study did not differ from 
controls [ 137 ], the NSI facilitation of  DPAG  -evoked 
behaviors was most probably due to the interaction 
of early-life and adult-life stress. Indeed, Roberson-
Nay et al. [ 41 ] presented epidemiological evidence 
that 60 % of variation of adult-onset panic attacks is 
due to environmental factors of adulthood.  

2.12     Modeling the Comorbidity 
of Panic and Depression 

 Panic disorder is highly comorbid with depres-
sion [ 154 ,  408 ,  409 ]. For instance, a 10-year 
interview-based prospective study showed that 
13.6 % and 27.3 % PD patients at age 30 had 
either MDD or  recurrent brief depression (RBD),   
respectively [ 154 ]. Notably, as well, the latter 
authors found that 10-year prevalence of depres-
sion and suicide attempts in PD patients is 6.8 
and 4.2 times higher relative to the general popu-
lation. Clinical data also suggest that panic is 
facilitated by both acute and post-traumatic stress 
disorders [ 410 – 414 ]. In contrast to the existing 
evidence of a common genetic diathesis of PD 
and  CSA   [ 41 ], mechanisms underlying the 
comorbidity of panic and depression disorders 
remain nevertheless completely obscure. It is 
also unclear whether PD is enhanced by any kind 
of depressive disorder. In particular, McGrath 
et al. [ 415 ] reported that LAC sensitivity did not 

differ in controls and depressed outpatients with-
out a history of panic attacks. 

 Nonetheless, because spontaneous panic attacks 
are conspicuously uncontrollable stress, a recent 
study of our laboratory assessed the late effects of 
uncontrollable shocks, a presumptive model of 
depression and/or trauma, on DPAG- evoked panic 
behaviors [ 416 ]. Briefl y, rats with electrodes in the 
 DPAG   were subjected to a 7-day shuttle-box one-
way escape yoked training with escapable (ES) or 
inescapable (IS) foot-shocks. Controls were sub-
jected to fi ctive shock (FS) sessions. The day after 
the termination of one-way escape training, the rats 
were trained in a two- way escape novel task to 
ascertain the effectiveness of uncontrollable stress. 
Data showed that the IS group performed signifi -
cantly poorer than the ES group in two-way escape 
task. Unexpectedly, however, IS rats showed a 
marked attenuation of DPAG-evoked freezing and 
fl ight behaviors relative to both ES and FS groups, 
2 and 7 days after one-way escape training (Fig.  2.21 ). 
Moreover, whereas the threshold of DPAG-evoked 
freezing and fl ight behaviors of IS rats remained 
high or were further increased 7 days after escape 
training, thresholds of DPAG- evoked defecation 
and micturition did not change or were even 
reduced. The latter data support previous studies 
[ 246 ,  395 ] suggesting the separate processing of 
defensive behaviors (freezing and fl ight) and pelvic 
viscera responses (micturition and defecation) pro-
duced by electrical stimulation of  DPAG  . Most 
importantly, IS inhibited  DPAG  -evoked defensive 
behaviors in spite of the striking differences in the 
aversive stimulus (foot- shock vs intracranial stimu-
lus) and context (shuttle- box vs open-fi eld) [ 416 ]. 
Accordingly, effects cannot be attributed to either a 
context conditioning or a stimulus sensitisation.

   In the same vein, experiments carried out in the 
 elevated T-maze (ETM)   detected ‘ panicolytic 
effects’   the day after the rat exposure to either IS, 
FST or restraint stress [ 417 ]. Thus, whereas the 
ETM anxiety-like behavior (avoidance from open-
arms) was enhanced, the ETM panic-like behavior 
(escape from open-arms) was attenuated. The latter 
effect closely resembles the attenuation of  DPAG  -
evoked escape in inescapably-shocked rats [ 416 ]. 

 Evidence amassed in last decades suggests 
that subjects exposed to uncontrollable stress 
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develop a depression-like syndrome character-
ised by decreased motivation to respond to the 
same or other aversive stimuli, by cognitive defi -
cit (learned helplessness), and by emotion and 
mood effects including an early increase in anxi-
ety and the later development of depression. Data 
from yoked experiments further showed that 
these effects result from the subject learning that 
stress is beyond his control and not from the 
stressor aversiveness [ 418 – 421 ]. Similarly, the 
FST is a widespread procedure for the screening 
of potential antidepressants [ 422 ] based on the 
assumption that fl oating correlates with depres-
sive mood. Regardless of whether or not uncon-
trollable stress produces true depressed mood, IS 
inhibition of escape to both foot-shock and intra-
cranial stimulus implicates the  DPAG   as the 
motivational substrate of both escape responses. 

 Although most researchers associate the out-
comes of uncontrollable stress with putative 
changes in the amygdala [ 423 – 425 ], hippocam-
pus [ 424 ,  426 – 431 ], or both structures [ 432 ,  433 ], 
Lino-de-Oliveira et al. [ 434 ,  435 ] showed that 
whereas the microinjections of glutamate into the 
 DPAG   reduce fl oating behavior, microinjections 
of lidocaine had the opposite effect. Moreover, 
they showed that sub-chronic administrations of 
antidepressants reduce FST-induced increases in 
FLI in most columns of the PAG [ 434 ,  435 ]. Most 
notably, however, evidence from positron-emis-
sion  tomography   in rats (microPET) showed that 
whereas the PAG is markedly activated during the 
FST training session, it remains inactive during 
next day test session [ 436 ]. Taken together, these 
data implicate the  DPAG   in behavioral effects of 
uncontrollable stress. 

  Fig. 2.21    Percent changes of median threshold intensi-
ties (I50 ± SE) of  DPAG  -evoked defensive behaviors in 
the 2nd (2) and 7th (7) days after the end of one-way 
escape training with foot shocks either fi ctive (FS), escap-
able (ES) or inescapable (IS). Screening sessions were 
carried out the day before the onset of one-way escape 

training (days −7 to 0). Symbols indicate signifi cant dif-
ferences relative to (*) baseline value, (§)  DPAG   second 
stimulation session, or to (+) ES and (#) FS groups 
(Bonferroni’s 5 % criterion of likelihood ratio chi-square 
tests for location of parallel-fi tted threshold curves) (from 
Quintino-dos-Santos et al. [ 416 ], with permission)       
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 Remarkably, as well, freezing was also attenuated 
one week after the exposure to IS. Accordingly, the 
IS attenuation of  DPAG  - evoked escape behaviors 
cannot be ascribed to an enhancement of freezing at 
the expense of trotting and galloping. The impair-
ment of both passive (freezing) and active (fl ight) 
defensive behaviors is best explained by a deactiva-
tion of a  DPAG   in-built motivational system. If so, 
the presumptive ‘panicolytic effects’ of uncontrolla-
ble stress on ETM [ 417 ] and  DPAG  -evoked defen-
sive behaviors [ 416 ] are better explained by a 
decrease in resilience (escape failure) to stress. The 
latter argument is further supported by the higher 
degree of attenuation of trotting and galloping which 
are the common responses to both the  DPAG   stimu-
lations and the inescapable foot-shocks. 

 Conversely, however, Strong et al. [ 437 ] pre-
sented evidence that %-HT transmission in the 
dorsal striatum (DS) plays a crucial role in learn-
ing defi cits of inescapably-shocked rats. Indeed, 
whereas the microinjections of a 5-HT 2C  antago-
nist into the DS prevented escape failures of rats 
previously exposed to IS, microinjections of a 
5-HT 2C  agonist impaired learning even in the 
absence of the prior exposure to IS. Therefore, it 
is tempting to speculate that  DPAG   and DS medi-
ate motivational and cognitive effects of helpless-
ness, respectively. On the other hand, Tannure 
et al. [ 338 ] presented evidence of a two-process 
fl ight system. Indeed, whereas the kindling of the 
amygdala facilitated the fl ight responses from the 
experimenter (capture resistance), it inhibited the 
 DPAG  -evoked fl ight behaviors. Be this as it may, 
these systems might be bridged by  DPAG   profuse 
efferents to intralaminar and midline thalamic 
nuclei [ 438 ] that exert diffuse excitatory actions 
on both cortex and striatum [ 439 ]. 

 In turn, clinical and epidemiological evidence 
suggest that the fi rst episode of MDD is very often 
precipitated by uncontrollable stress, including 
social loss, bond breakdown, disease and unem-
ployment. There is additional evidence that PD 
predisposes to the later development of both 
depression [ 154 ,  408 – 410 ,  440 ] and trauma [ 410 –
 412 ,  414 ,  441 ]. Furthermore, patients with  post-
traumatic stress disorder (PTSD)   not only 
experience the physiological symptoms of panic 
but also fear these symptoms [ 414 ,  442 ]. Because 

the consequences of uncontrollable stress have 
been used as a model of both depression [ 418 – 421 , 
 443 ] and trauma [ 444 ], the  DPAG  -evoked panic-
like behaviors were expected to be facilitated in 
inescapably-shocked rats. Accordingly, the IS 
unexpected inhibition of  DPAG  -evoked panic 
behaviors may be a idiosyncratic feature of the 
present model of depression. Indeed, whereas PD 
is most often associated with MDD and RBD 
[ 154 ], the exposure to uncontrollable stress is rem-
iniscent of the ‘reactive depression’ nowadays 
termed ‘adjustment disorder with depressed mood’ 
[ 397 ]. Indeed,  DPAG  -evoked panic behaviors 
were markedly facilitated in olfactory bulbectomy 
model of depression (J.W. Quintino-dos-Santos, 
unpublished results). 

 In conclusion, the conjoint inhibition of pas-
sive (freezing) and active (fl ight) defensive 
behaviors suggests that IS deactivates a  DPAG   
in-built motivational system that may be impli-
cated in depressed patient’s diffi culties to cope 
with the stressors of daily life.  

2.13     Modeling Female 
Vulnerability to  Panic 
Disorder   

 Despite the high variability of epidemiological 
survey data, the prevalence of panic attacks is con-
sistently higher in women. In particular, at age 30, 
the Zurich study found panic attacks in 10 % of the 
population, with a sex ratio of 3:1 in favor of 
females [ 154 ]. Although panic attacks are rarely 
observed before puberty or after menopause, they 
are more frequent and severe during the premen-
strual phase [ 445 ]. Patients with  LLPDD  ) also 
show higher sensitivity to panicogenic challenges 
in the late luteal phase [ 446 – 448 ]. 

 These and other data prompted Lovick and col-
laborators to carry out several studies that exam-
ined the neural excitability of the  DPAG   during the 
estrous cycle [ 155 ,  449 – 451 ]. These authors 
showed that the neurons of the  DLPAG   increase 
the expression of the alpha4/beta1/delta (α4/β1/δ) 
subunits of the GABA-A receptor in the late dies-
trus relative to the other phases of the estrous cycle 
or to their expression in male rats [ 452 ]. Moreover, 
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they showed that most GABAα4/β1/δ receptors of 
the  DLPAG   are localised in gabaergic neurons 
(autoreceptors), as revealed by the double label-
ling of these subunits and glutamic acid decarbox-
ylase [ 453 ,  454 ]. Because the GABAα4/β1/δ 
receptors are highly sensitive to GABA [ 452 ], the 
upregulation of GABAα4/β1/δ autoreceptors is 
expected to reduce the GABA inhibitory tonus 
within the  DLPAG  . Accordingly, Lovick and col-
laborators suggested that the increased expression 
of GABAα4/β1/ δ   autoreceptors may contribute 
both to the development of  LLPDD   and to the high 
comorbidity of  LLPDD   and PD. 

 Lovick and collaborators also showed that the 
pressor response, tachycardia, and tachypnea 
produced by the systemic injection of a CCK- 
related panicogen (pentagastrin) were enhanced 
in the late diestrus. For rats in estrus, the pressor 
response and tachycardia, but not the tachypnea, 
were signifi cantly larger than the response evoked 
in the early diestrus [ 455 ]. 

 Lastly, extracellular recordings from output 
neurons in the  DPAG   showed that the increased 
fi ring rate produced either by the intravenous 
administration of pentagastrin or by the ionto-
phoretic injection of the GABA-A receptor 
antagonist bicuculline, is signifi cantly increased 
during the estrus and late diestrus relative to pro-
estrus and early diestrus [ 456 ]. 

 On the other hand, the bimodal incidence of 
catamenial epilepsy suggests that brain excitabil-
ity increases in the middle of the cycle, between 
the peak of estradiol and the early surge of pro-
gesterone, and during the sharp fall of proges-
terone prior to menses [ 457 ]. Although the 
neuroexcitant properties of estradiol are respon-
sible for the increased excitability around the 
midcycle peak, the higher excitability in early and 
late luteal phases are most likely associated with 
changes in brain levels of the neuroactive metabo-
lite of progesterone, allopregnanolone. Indeed, 
whereas the acute injections of both progesterone 
and allopregnanolone have manifest anxiolytic 
effects in rats, the 72-h exposure to progesterone 
increases anxiety, akin to that observed in the 
early surge of progesterone in women. Thereafter, 
anxiety decreases to baseline levels in spite of the 
sustained exposure of rats to progesterone. 

Anxiety is nevertheless reinstated following the 
sudden withdrawal of progesterone, which mim-
ics the rapid decay of this hormone preceding 
menses [ 457 ,  458 ]. 

 According to Smith and collaborators, the 
increases in anxiety in the early and late luteal 
phases appear to be due to a allopregnanolone- 
mediated upregulation of the α4 subunit of 
GABA-insensitive receptors [ 459 – 461 ]. Increases 
in progesterone withdrawal anxiety in rats can be 
prevented by indomethacin blockage of the break-
down of progesterone to allopregnanolone. 
Therefore, allopregnanolone rather than proges-
terone is the active compound [ 462 ]. Indeed, the 
post- treatment   allopregnanolone levels in  LLPDD   
patients are signifi cantly lower in improved sub-
jects relative to unimproved ones. Improvement 
was also signifi cantly associated with lower allo-
pregnanolone levels for premenstrual depression 
and appetite changes [ 463 ]. 

 Overall, the above studies suggest that the 
increased incidence of anxiety and panic in the late 
luteal phase appears to be mediated by the distinct 
effects of allopregnanolone in GABA transmis-
sion, i.e., the upregulation of GABA- insensitive 
receptors in amygdala areas controlling anxiety 
and the upregulation of GABA-hypersensitive 
autoreceptors in periaqueductal areas controlling 
panic. These mechanisms may be complementary 
in determining the high incidence of panic in 
women.  

2.14     Conclusion 

 Existing evidence suggests that  DLPAG   is an 
‘exteroceptive column’ that integrates both the 
amygdala-processed odor inputs from VMH and 
PMD and visuo-acoustic inputs from DLSC [ 249 , 
 464 – 468 ]. These circuits appear to mediate the non-
respiratory type of panic attacks [ 52 ]. By contrast, 
evidence herein discussed suggests that the CePAG 
is an ‘interoceptive column’ that receives afferents 
from NTS and projects to both the LPAGcv and to 
the inner division of eLPBA. As shown in the pres-
ent study, the CePAG-LPAGcv circuit may be the 
very core of respiratory-type panic attacks. This cir-
cuit appears to be modulated by NRDlw inhibitory 
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projections that gate asphyxia signals. In turn, both 
 DLPAG   and LPAGcv project to the CnF (the mid-
brain locomotor region) [ 162 ]. Although electrical 
and chemical stimulations of CnF produce behav-
ioral and cardiorespiratory responses quite similar 
to those of the stimulation of the  DPAG   [ 280 , 
L.C. Schenberg, unpublished results], it is unknown 
whether these responses are attenuated by clini-
cally-effective panicolytics, as shown for  DPAG  -
mediated panic-like responses to both electrical 
stimulations and cyanide injections. 

 The PAG-evoked panic responses satisfy most 
criteria of a translational model of clinical panic, 
i.e., face validity (homology of symptoms and 
physiological responses), predictive validity (drug 
sensitivity) and construct validity (facilitation by 
hypoxia, female hormones and early-life stress). 
Moreover, PAG stimulations in humans produce 
emotional, neurological and autonomic responses 
strikingly similar to those of panic attacks either 
spontaneous or provoked by intravenous infu-
sions of LAC. The PAG model of panic is also 
endorsed by the attenuation of  DPAG  -evoked 
panic-like behaviors by clinically effective pani-
colytics given at doses and regimens similar to 
those of panic therapy. In particular,  DPAG  -
evoked panic was markedly attenuated by a 
21-day administration of daily doses of fl uoxetine 
as low as 1 mg kg −1  and, conversely, facilitated by 
systemic injection of the putative panicogen pen-
tylenetetrazol. Remarkably, as well,  DPAG   stimu-
lations are not accompanied by ‘stress hormone 
responses’ in the absence of muscular effort. 
 DPAG  -evoked responses are also facilitated in 
both female rats and neonatally-isolated adult 
rats. Lastly, recent evidence showed that the 
 DPAG   mediates respiratory- type panic attacks to 
KCN selective stimulation of chemoreceptors and 
that these responses are potentiated by hypercap-
nia and attenuated by acute and chronic treat-
ments with clinical doses of the established 
panicolytics clonazepam and fl uoxetine, respec-
tively [ 254 ]. Similarly, escape responses to ambi-
ent hypoxia were attenuated by acute and chronic 
administrations of alprazolam and fl uoxetine, 
respectively, and also by intra-periaqueductal 
injections of 5-HT and its agonists [ 255 ]. 

 There are important misses as well. Indeed, 
although the  DPAG   appears to be activated by both 
LAC infusions and CO 2  inhalations in humans, nei-
ther the LAC nor the CO 2  produce panic behaviors 
in rats. Moreover,  DPAG  -evoked behaviors are not 
attenuated by chronic administration of the stan-
dard panicolytic imipramine. The negative result 
may be due to the high dose of imipramine 
(10 mg kg −1  day −1 , 21 days). Indeed, the 21-day 
treatment with 5 mg kg −1  fl uoxetine was less effec-
tive in attenuating  DPAG  - evoked panic-like behav-
iors than the 21-day treatments with 1 or 2 mg kg −1  
fl uoxetine [ 60 , C.S. Bernabé, unpublished results]. 
Although frequently presented as evidence of 
 DPAG   mediation of panic attacks, the attenuation 
of  DPAG  - evoked shuttle-box escape responses by 
acute treatments with SSRIs is another inconsis-
tency of this model [ 303 ,  469 ,  470 ]. These effects 
may be due to specifi c features of the shuttle-box. 
Indeed, acute injections of low doses of either clo-
mipramine or fl uoxetine failed in attenuating the 
 DPAG  -evoked panic-like responses of rats stimu-
lated in an open-fi eld [ 60 ,  471 ]. Although the 
inhibitory effect of hypercapnia on  DPAG  - evoked 
panic responses appears incongruent, pre-expo-
sures to hypercapnia produce a reliable facilitation 
of KCN-evoked panic responses. Accordingly, the 
former effect may be due to the non-selective fea-
tures of electrical stimulation. 

 Most importantly, however, recent results from 
our laboratory showed that 0.5 M LAC infusions 
failed in facilitating the KCN-evoked escape 
responses presumptively mediated at the PAG 
(E.A. Moraes, unpublished results). Although the 
latter results may be due to the smaller effects of 
0.5 M LAC infusions in rats [ 342 ], they also sug-
gest that LAC vulnerability to panic attacks is 
mediated by mechanisms other than those of 
KCN-evoked panic attacks. This possibility is 
supported both by the provocation of panic attacks 
by  d -LAC [ 141 ] and by the lack of activation of 
PAG in rats infused with LAC [ 341 ]. 

 In conclusion, although the animal models are 
not expected to reproduce clinical disorders 
exactly, a translational model of PD should (1) 
present face validity, (2) be sensitive to clinically- 
effective panicolytics in doses and regimens 
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similar to those of panic therapy, (3) be sensitive 
to clinically-specifi c panicogens (5–7 % CO 2  and 
0.5 M LAC), (4) be devoid of neuroendocrine 
responses, (5) be facilitated in female subjects 
and (6) reproduce the clinical comorbidity of 
panic disorder. Together,  DPAG   and KCN mod-
els of panic attacks meet most of these criteria 
(Table  2.4 ). Preliminary modeling of the comor-
bidity of PD and  CSA   further implicates the PAG 
in the predisposition of separation-anxious chil-
dren to the later development of PD.
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     Abstract  

  Panic disorder (PD) is a highly incapacitating 
psychiatric disorder. Its wide range of somatic 
and psychological symptoms makes it plausi-
ble that a number of different brain structures 
and circuits are likely to mediate this condition. 
In this chapter we highlight the possible contri-
butions of the hippocampus, a key brain region 
involved in the regulation of cognition (learn-
ing/memory), mood and defensive responses 
(fear/anxiety), for the pathophysiology of 
PD. This chapter will present the anatomy of 
the hippocampus and highlight its role in emo-
tional  regulation, so that an understanding of 
the involvement of the hippocampus in PD can 
be drawn. Evidence from both animal and 
human fi ndings on this topic will be approached. 
Particularly, the capacity of the hippocampus to 
continually generate newly functional neurons 
throughout life, a phenomenon called adult hip-
pocampal neurogenesis, will be pointed as part 
of the key future directions for the study of the 
neurobiological basis of PD.  
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3.1       Anatomy 
of the Hippocampus 

    The hippocampus is one of the brain structures 
implicated in the regulation of many of the fea-
tures involved in panic disorder (PD), such as 
those related to defensive responses to threat. 
Moreover, in the clinical practice with PD 
patients, it is very common that this condition is 
accompanied by another highly impairing disor-
der,  agoraphobia     . Agoraphobic patients present 
intense fear of being in contexts where they can-
not escape or fi nd immediate help. Thus, although 
normally the fi rst panic attack occurs spontane-
ously (i.e., without the presence of a specifi c and 
identifi able triggering stimulus), there is often an 
association of the attack with the surrounding 
environmental (exteroceptive) and/or internal 
(interoceptive) cues. This latter is known to be 
mediated primarily by the insula but growing evi-
dence from both human and rodent studies show 
that the processing of  exteroceptive cues   is fun-
damentally a function of the hippocampus, along 
with the processing of self-location [ 1 ], which in 
itself is an essential requirement for agoraphobic 
associations. 

 Before exploring the evidence on the func-
tional contribution of the hippocampus to the 
development of PD-related  symptomatology  , it is 
useful to understand how the hippocampal for-
mation is organized and integrates the emotional 
circuits of the limbic system. 

 The hippocampus is a  C-shaped structure   
located deeply within the subcortical region of 
the temporal lobes, extending longitudinally 
along the brain. It is rolled-up in 2  laminae , the 
 cornu    Ammonis       (CA; for its resemblance with 
Jupiter Ammon’s horn [ 2 ]) and the   gyrus denta-
tus  (dentate gyrus, DG)      [ 3 ]. It is well established 
that the information processing in the hippocam-
pus occurs through its tri-synaptic circuit, start-
ing with the glutamatergic granule cells of the 
DG receiving input from the entorhinal cortex 
(EC), via the perforant path. From the DG projec-
tions constituting the so-called  Mossy fi bers   
extend their axons to CA3, which then estab-
lishes connection with the pyramidal neurons at 
CA1, via the Schaffer collaterals [ 4 ]. From CA1, 

the processed information is sent to other parts of 
the brain through projections to the subiculum 
and EC [ 5 ,  6 ]. 

 The hippocampal formation extends dorso-
ventrally within the temporal lobes, an anatomic 
feature that appears to render functional conse-
quences. In this sense, evidence indicates that the 
information processed in the  dorsal hippocampus   
is more likely to integrate into different circuits 
than that processed by the ventral portion of the 
hippocampus. Thus, due to its projections to 
regions such as the dorsal septum, the mammil-
lary complex and the lateral entorhinal cortex, 
the dorsal hippocampus appears to be more 
related to the regulation of cognitive abilities, 
whereas mood and  anxiety   are believed to be 
more fundamentally regulated by the circuitry of 
the ventral hippocampus [ 7 – 9 ], considering its 
outputs to the amygdala, hypothalamus,   nucleus 
accumbens    and the prefrontal  cortex   [ 10 ] 
(Fig.  3.1 ).

3.2        The Role 
of the Hippocampus 
in Emotional Regulation 

 It is well established that the hippocampus plays 
a fundamental role for cognitive abilities, such 
as  spatial recognition   and  declarative memory   
[ 11 – 14 ]. The classic case of patient H.M., who 
had a bilateral temporal lobe resection as an 
intervention to reduce chronic epileptic seizures 
and, as a consequence of the removal of the hip-
pocampus, started to suffer from a severe inca-
pacity to form new factual memories [ 15 ], 
established the hippocampal formation as the 
“ house of memory  ” in the brain. Considering the 
large amount of evidence that came later with 
hundreds of animal studies pointing for the hip-
pocampus as one of the ultimate structures 
implicated in cognitive regulation, it might seem 
counterintuitive that this brain region also sig-
nifi cantly participates in the regulation of  mood   
and anxiety. However, as we shall see in Sect.  3.4 , 
the hippocampus integrates a defensive neural 
network, proposed in the end of the 1980s by 
Gorman et al. [ 16 ] and known as the  fear circuitry     , 
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a well-established circuit implicated in processing 
external and internal cues to prepare the indi-
vidual for a defensive response. This network 
includes the amygdala,   nucleus accumbens   , hip-
pocampus, ventromedial hypothalamus, periaq-
ueductal gray, several brain stem and thalamic 
nuclei, the insular cortex, and some prefrontal 
regions (Box  3.1 ).  

       The hippocampal formation is, therefore, an 
essential component of the emotional system of 
the brain, playing an important functional role in 
the modulation of complex behavioral patterns, 
along with cortical and subcortical areas. 

 But which could be the putative roles of the 
 hippocampus in the      fear circuitry? One potential 
candidate is the processing of risk assessment. 

 When it comes to defensiveness behaviors, 
 risk assessment   emerges as a fundamental aspect 
of emotional regulation. This  behavioral pattern   
is believed to aim at evaluating the odds of threat/
potential danger in contrast with those of reward 
[ 17 ]. This defense strategy – whereby the so- 
called  non-defensive behaviors      (self-grooming, 
locomotion, feeding, etc.) are fundamentally 
inhibited [ 18 ] – has been pointed to be likely a 
function of the hippocampus [ 19 ] and its circuits 
with the septum and the amygdala [ 20 ]. The input 
to the hippocampus from the medial entorhinal 
cortex ( MEC)      on the spatial context of an experi-
ence, and from the lateral entorhinal cortex 
( LEC)      on the content of an experience [ 21 ] would 
make it possible the delivery of information 
needed for risk assessment processing by the hip-
pocampal formation, thus closely relating a 

  Fig. 3.1    Schematic representation of the  dorsoventral 
division   of the hippocampus. The hippocampus is a 
C-shaped structure that extends longitudinally along the 
septo-temporal axis of the brain. The dorsal hippocampus, 
due to its projections to structures such as the dorsal sep-

tum, the mammillary complex and the lateral entorhinal 
cortex, is believed to be involved in cognitive abilities; the 
ventral hippocampus, in turn, projects to the amygdala, 
hypothalamus,   nucleus accumbens    and prefrontal cortex, 
thus being more related with emotional regulation [ 10 ]       

  Box 3.1. Fear Circuitry 

       When a stimulus is perceived as potentially 
harmful for the integrity of the individual, a 
series of neurochemical, neuroendocrine 
and behavioral responses arises which, 
altogether, potentiate the likelihood of sur-
vival. In neurobiological terms, threatening 
stimuli activate the so-called fear circuitry. 
Fear responses are triggered through the 
activation of a subcortical structure, the 
amygdala, which receives afferents from a 
number of structures involved in cognitive 
processing, such as the sensorial cortex, the 
thalamus and, of our special interest, the 
hippocampus [ 16 ]. 
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 possible hyperactivity of this function to the 
threat-biased information processing observed in 
anxious patients. Nevertheless, some authors 
relate  risk assessment   to be a function primarily 
related to the mediation of danger in generalized 
anxiety disorder ( GAD  )   , and not in PD [ 20 ] 
which would be a disorder more closely related 
to fear- rather than  anxiety  - (and therefore risk 
assessment) related responses. Further research 
on this topic should help unravel if and which the 
contributions of the hippocampus for risk assess-
ment in the context of panic responses are, since 
evidence from clinical practice largely point for 
the presence of such behavioral patterns among 
PD patients as well. 

 Another putative role of the hippocampus in 
PD – particularly in cases involving  agoraphobic 
associations      – is through its well-established 
mediation of contextual fear learning. With 
effect, the hippocampus is one of the main neural 
structures contributing to the  fear/anxiety   mani-
festations triggered by learned fear, most likely 
via its descending projections to the amygdala 
[ 22 ]. Maren and Fanselow [ 23 ] showed that  elec-
trolytic lesions   in regions of the hippocampal for-
mation that send projections to the  amygdala 
     eliminate pavlovian fear conditioning in situa-
tions of contextual conditioned stimuli. Phillips 
and Ledoux [ 24 ] also demonstrated that hippo-

campal lesions interfere in contextual fear condi-
tioning. Anagnostaras et al. [ 25 ] reinforced this 
and showed further that the participation of the 
hippocampus in contextual fear learning is time- 
framed, since lesions in this structure one day 
after conditioning prevent fear learning, whereas 
hippocampal lesions 28 days after the condition-
ing session render no effect over the  storage      of 
contextual fear memories. In this way, animals 
with hippocampal lesions do not present contex-
tual fear responses, given that they are not able to 
form a contextual representation necessary for 
the association of the context with the uncondi-
tioned stimulus and send it to the amygdala so 
that the expected fear responses are triggered 
[ 26 ]. A schematic representation of this putative 
role of the hippocampus within  the      fear circuitry 
is illustrated in Fig.  3.2 .

   Further and stronger evidence for the potential 
role of the hippocampus on emotional regulation, 
expanding its functional roles beyond those 
involved in cognitive processing, come from stud-
ies investigating the effects of  anxiolytic drugs      
injected specifi cally to the ventral hippocampus. 
Indeed, growing evidence point for the notion that 
the functions regulated by the hippocampus are 
topographically distributed along its septo-tempo-
ral axis, with the dorsal hippocampus being more 
related to the regulation of cognition [ 7 – 9 ] – and 

  Fig. 3.2    Schematic representation of one of the potential 
roles of the hippocampus in the  fear circuitry     . The hippo-
campus encodes information about contexts – for exam-
ple, information on the surrounding environmental stimuli 
associated with a previous panic attack – and projects it to 

the BLA, which in turn rapidly connects with the 
CEA. Through its connections to the dPAG and brain stem 
nuclei, the CEA triggers the fi ght/fl ight fear response. 
 BLA  basolateral amygdala,  CEA  central amygdala,  dPAG  
dorsal periaqueductal gray       
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the  ventral hippocampus   more closely regulating 
emotional processing [ 10 ], considering its projec-
tions to more limbic areas. According to Behrendt 
[ 27 ], information processed by the dorsal hippo-
campus would be translated into orienting and 
locomotor actions, whilst that processed by the 
ventral hippocampal formation would lead to the 
mapping of motivationally salient environmental 
information, via its projections to the ventral 
subiculum -ventromedial prefrontal cortex and 
ventral striatum. In addition, Behrendt [ 27 ] 
emphasizes that not only external cues would be 
processed by the ventral hippocampus, but also 
emotional information extracted from the sur-
rounding internal physiological milieu, inducing 
the individual to enter a behavioral mode of emo-
tion-guided arousal. Although the author high-
lights the putative links of the ventral hippocampus 
with appetitive behavior, considering other 
sources of evidence pointing for a role of this por-
tion of the hippocampus in defensiveness, this 
becomes of special interest when thinking about 
the possible contributions of the hippocampus to 
PD. Indeed, if it is true that at least the ventral por-
tion of the hippocampus is fundamental for the 
processing of exteroceptive and interoceptive 
cues, then the hippocampus could achieve a 
higher status among the neural substrates of 
PD. This is a reasonable hypothesis, considering 
that PD/agoraphobia mostly emerge as a conse-
quence of aversive associations with contexts 
where previous panic attacks took place, as well 
as with bridges, tunnels and other agoraphobic 
stimuli (external cues), in addition with higher 
levels of CO 2  and other panicogenic stimuli in the 
blood and cerebrospinal fl uid (internal cues). 

 Supporting this idea, a recent study has identi-
fi ed that  microinjections of neuropeptide S   – a 
potential novel  treatment   for anxiety-related ill-
nesses such as PD – into the ventral CA1 are suf-
fi cient to reduce the anxious behavior of 
C57BL/6N mice [ 28 ]. The participation of the 
hippocampus in emotional regulation appears to 
be well established, however future studies are 
still needed for further investigation of the spe-
cifi c contributions of the dorsal and ventral por-
tions of the hippocampus in this process. Indeed, 
some studies of the dorsal hippocampus also 

showed this region to infl uence anxiety modula-
tion [ 29 – 31 ]; the  dorsoventral dichotomy      [ 32 ], 
thus, seems to be less simple than thought, and 
deserves special attention from the next genera-
tion of studies aiming to unravel the particulari-
ties of the contributions of the hippocampus to 
emotional regulation.  

3.3     Involvement 
of the  Hippocampus in   PD: 
Evidence from Rodent 
Studies 

 Despite the growing evidence pointing for the 
involvement of the hippocampal circuitry in the 
mediation of anxiety-related behaviors, one of 
the most established rodent models for PD has 
the hypothalamus – and not the hippocampus – at 
its center. The  hypothalamic model   is very effi -
cient in inducing panic vulnerability in rats, by 
chronically disrupting the inhibition promoted by 
 GABAergic neurons   in the hypothalamus fol-
lowed by intravenous injections of panicogenic 
stimuli, such as sodium lactate infusion [ 33 ]. The 
model presents robust face, predictive and con-
struct validities and its well-conceived rationale 
should also provide the basis for the development 
of future rodent models aiming to unravel the 
contributions of other key brain areas involved in 
 fear  , anxiety and PD, such as the hippocampus. 

 At least two points should be highlighted in 
our pursuit to understand the contributions of the 
hippocampus and other brain structures in animal 
 model  s of PD: (1) although the hippocampus has 
become a very popular structure to study due to 
its highly neuroplastic nature (please see 
Sect.  3.5 ), it is far from being the only brain 
region involved in such complex cognitive and 
emotional processing, such as that present in anx-
iety disorders, thus making it fundamental the 
existence of models investigating other brain 
areas; (2) part of the scientifi c literature on  rodent 
studies   more clearly distinguish the panic attack 
from the anxiety concept. It is worth noting here 
that the panic attack is a fear-related response 
characterized by the  fl ight/freeze strategy   medi-
ated by the hypothalamus [ 33 ] and the dorsal 
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periaqueductal gray to a real,  present  danger 
[ 20 ],  not   to mention the amygdala which is the 
hallmark structure underlying fear [ 19 ]; the anxi-
ety concept, on the other hand, relates more to the 
anticipatory emotion to a  potential  threat. In the 
clinical practice, both emotions appear to be 
present in PD patients: the fear response that 
characterizes the panic attack itself and the anxi-
ety presented in anticipation to the advent of a 
new attack or to the absence of immediate help, 
in the case of PD patients with agoraphobia. 

 But the  hypothalamic rat model   of PD is not the 
only rodent model aiming at investigating the neu-
robiological basis of this disorder. In this context, 
it has been shown, for instance, that intraperitoneal 
injections of lactate – which produced panic-like 
behavior, as seen by the induction of tachycardia 
and freezing response – increased the neuronal fi r-
ing of neurons in the rat hippocampus [ 34 ]. 

    Important evidence for the contribution of the 
hippocampus in PD have also come from studies 
using  transgenic mice   that overexpress the  neuro-
trophin tyrosine kinase receptor type 3 (NTRK3)   – 
a protein whose expression has been found to be 
altered in PD and other anxious patients [ 35 ]. 
 TgNTRK3 mice   present good: face validity, as 
seen by their heightened anxiety  and panic-related 
responses  ; construct validity, observed by their 
increased density of noradrenergic neurons in the 
  locus coeruleus   , and fi nally, predictive validity, 
given that they respond well to diazepam in the 
elevated T maze [ 36 ], a paradigm for assessing 
panic-like behavioral patterns. These animals also 
present higher susceptibility to stress, as shown 
by their altered circadian corticosterone rhythm 
and more passive behaviors under certain chronic 
stress conditions [ 37 ], reinforcing this mouse line 
as an appropriate model of this disorder. Of spe-
cial note, it has been recently found that these 
mice present hyperexcitability in the hippocampal 
subcircuit CA3–CA1 and that this unbalanced 
excitation-to-inhibition ratio in the hippocampus 
underlies their also increased fear memories [ 38 ]. 

 Finally, additional evidence from animal stud-
ies for the contribution of the hippocampus in PD 
come from a study showing that the fear-like 
behavior induced by deep brain stimulation of 
the periaqueductal gray leads to deactivation of 

parvalbumin-positive interneurons in the hippo-
campus 12 h after the panic-like reaction observed 
in the open fi eld [ 39 ]. Interestingly, these authors 
had previously shown that electrical stimulation 
of the dorsal periaqueductal gray induced an 
increase in the activation of cells in the CA1 and 
DG 2 h after the panic reaction [ 40 ]. This rein-
forces the notion that not only hippocampal sub-
populations of neurons mediate the regulation of 
long-lasting anxiety- and fear-related behavioral 
patterns but also that they are necessary at differ-
ent time frames of the fear learning processing.     

3.4      Involvement 
of the Hippocampus in PD: 
Evidence  from   Human 
Studies 

 Neuroimaging studies have immensely contrib-
uted to our current understanding of PD [ 41 ,  42 ] 
and other  anxiety   disorders, especially with 
regard the to  fear circuitry   [ 43 ]. According to the 
original proposition by Gorman et al. [ 16 ], PD 
patients would present a more sensitive fear net-
work, whose (hyper)activation would then result 
in the arousal of panic attacks. Some authors, 
however, suggest that this circuitry should be 
revised as to include other areas, such as the ante-
rior cingulate [ 44 ]. 

    Specifi cally with regard to the putative role of 
the hippocampus in mediating both trait and state 
anxiety in PD, data is confl icting despite a trend 
towards pointing the hippocampal circuits as 
being fundamental for our comprehension of the 
neurobiology of PD. In this sense, a quantitative 
volumetric magnetic resonance imaging (MRI) 
study showed that, although a bilateral reduction 
of the temporal lobe volume was revealed in PD 
patients, the  amygdala-hippocampus complex 
(AHC)   was found to be normal [ 45 ]. Similar 
fi ndings had been reported by Vythilingam et al. 
[ 46 ] who measured the volume of the temporal 
lobe, hippocampus and whole brain in 13 patients 
with PD in comparison with 14 healthy controls, 
revealing that the mean volume of both left and 
right temporal lobes was signifi cantly decreased 
in the patients’ group, without changes in the 
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 hippocampal volume. The assumption that defi -
cits in hippocampal volume appear to be a minor 
issue for the development of PD has also received 
recent support [ 47 ]. 

    Nevertheless, other studies point for the oppo-
site, i.e., for volume reductions of the hippocam-
pus and the left parahippocampal gyrus in PD 
patients ([ 48 ]; reviewed in [ 49 ]). Future studies 
with larger samples and more advanced imaging 
techniques are, thus, needed so that a more com-
prehensive view of the hippocampal volume as a 
possible biomarker of PD can be pinpointed. 

 But macroscopic measures, such as the vol-
ume of a given structure, are not the only param-
eters implicating a certain region or network in 
the mediation of anxiety or other traits/states. 
Metabolic and functional aspects can add impor-
tant evidence for understanding the contribution 
of the hippocampus (or of any other brain struc-
ture) for the emotional processing characteristic 
of PD. In this particular, changes in metabolism 
in hippocampal [ 50 ] and parahippocampal [ 51 ] 
areas have been found in PD studies using  single 
photon emission computed tomography 
(SPECT)  . The hippocampus, along with the 
amygdala and insula, has also been shown to 
present increased activation among PD patients 
in a  functional MRI (fMRI) study   [ 52 ]. Enhanced 
hippocampal activation in response to a safety 
signal has also been revealed at baseline for 
medication- free PD patients with agoraphobia 
[ 53 ]. Furthermore, reduced binding properties of 
the serotonergic receptor 5-HT1A has been found 
in the hippocampus, amygdala, as well as in fron-
tal and temporal cortical areas, of patients with 
PD [ 54 ]. Reduced binding potential of the  seroto-
nergic transporter (5-HTT)   has also been reported 
in males with PD when compared with healthy 
males [ 55 ].    These data strongly support the idea 
that the hippocampus, especially at the metabolic 
and neurotransmission levels, present important 
components that contribute for the abnormal 
information processing typical of PD. Other stud-
ies, using magnetic resonance spectroscopy, also 
pointed for abnormalities of different neurotrans-
mitter and metabolites in PD, highlighting the 
involvement of the hippocampus in this disorder 
(reviewed in [ 56 ]). The relevance of understand-

ing the contribution of the hippocampal  formation 
in PD goes beyond the mapping of the neural 
substrates of this disorder: it is becoming increas-
ingly relevant to comprehend how distinguished 
activation patterns of certain brain areas to a 
symptom-eliciting task can predict pharmaco-
logical and psychotherapeutic treatment out-
come. In this context, a recent study has shown, 
among others, that activation of the hippocampus 
during maintenance of emotional responses to 
negative images  during   fMRI scanning of PD 
and GAD patients was greater in responders than 
non-responders to  cognitive-behavioral therapy 
(CBT)   [ 57 ]. Another study reinforced the idea of 
the hippocampus (particularly, of increased right 
hippocampal gray matter volume), along with a 
differential activation of other structures, as a 
predictor of improved CBT outcome for PD [ 58 ]. 
Such studies are strongly encouraged as they 
open important avenues for the development of 
more personalized and effective treatment strate-
gies to psychiatric patients.     

3.5      The Role 
of the Hippocampus in PD: 
Future Directions 

 Due to their remarkable  plasticity   – that is, to the 
ability to change morphologically and function-
ally upon environmental demands and internal 
signals – hippocampal circuits are the subject of 
innumerous studies aiming at identifying effec-
tive interventions capable to positively regulate 
cognition and emotion. In this context of neural 
plasticity, one of the most noticeable features of 
the hippocampus is its ability to continuously 
generate functional neurons throughout the lifes-
pan of the individual. 

 Indeed, for many years, neuroscientists 
believed that once the organism was born no fur-
ther neuronal cells could be added to the brain. In 
the 1960s, nevertheless, the technical possibility 
of identifying and tracking newly born neurons in 
the postnatal brain through  autoradiography      [ 59 ], 
and later, by the injection of the thymidine analog 
 bromodeoxyuridine (BrdU)      [ 60 ] opened a new 
avenue in the study of how the brain works – and 
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how it can be modifi ed. This represented the 
breakthrough for a new mentality in  neurobiologi-
cal sciences  , based on the fundamental assump-
tion that the adult brain could be shaped by the 
generation of new neurons capable to integrate 
into specifi c circuits. 

 Adult neurogenesis occurs in the so-called 
 neurogenic niches      – brain regions characterized 
by the presence of neural progenitor cells at con-
stant self-renewal activity and holding the poten-
tiality to differentiate into neurons in response to 
specifi c molecular signaling. In the mammalian 
brain, these niches are the subventricular zone 
( SVZ)      [ 61 ,  62 ], adjacent to the lateral ventricles, 
and the subgranular zone ( SGZ)      of the DG in the 
hippocampus [ 63 ,  64 ]. The generation of neurons 
in this latter niche during postnatal life is, thus, 
known as adult hippocampal neurogenesis 
( AHN)      and is of special interest for our topic on 
mental health. 

       AHN is a highly complex and intricately regu-
lated process [ 65 ], counting on the infl uence of a 
number of different regulatory molecular signal-
ing pathways, many of which are still largely 
unknown. These molecular pathways specifi cally 
target the regulation of each of AHN’s stages: (1) 
maintenance of the pool of progenitors; (2) cell 
proliferation; (3) fate commitment to a neuronal 
phenotype; (4) acquisition of structural and func-
tional characteristics of a mature granule neuron 
(maturation); (5) survival; (6) integration into 
pre-existing circuits. These, in turn, are believed 
to be the circuits upon regulation by the hippo-
campal formation, that is, circuits involved in 
cognitive functions (especially spatial and refer-
ence working memory) and mood/anxiety. 

       With effect, a number of papers have demon-
strated that the lack of AHN induces cognitive 
impairment [ 66 ,  67 ], as well as depressive- [ 68 ] 
and anxiety-like [ 69 ] behavior in rodents. Despite 
the consistent acknowledgement in the scientifi c 
community implicating neurogenesis defi cits 
with cognitive and mood dysfunction, not every 
study have succeeded in showing such associa-
tion ([ 70 ]; reviewed in [ 71 ]). Nevertheless – and 
of special relevance for our topic on anxiety – 
there is more consensus in recognizing that the 
newly generated neurons appear to have a crucial 

role in the ability of the DG to distinguish similar 
stimuli. This process is known as pattern separa-
tion, a mechanism without which the individual 
loses the ability to convert similar experiences 
into discrete, nonoverlapping representations. 
This ability, in turn, is thought to be an important 
factor underlying the  development   of anxiety dis-
orders [ 72 ]. 

       Mostly important, it has been recently and 
elegantly demonstrated that AHN is a process 
happening not only in rodents and monkeys, but 
also in humans. Previous  postmortem  analysis of 
the human brain had already indicated the occur-
rence of AHN in our species [ 73 ] but not only 
replication was needed; functional inferences 
were necessary as well, so that AHN could more 
defi nitely emerge as a form of relevant neural 
plasticity in humans. This came with the study by 
Jonas Frisén’s group in 2013 [ 74 ]: in an inge-
nious way, these researchers took advantage of 
the increased levels of C 14  in the atmosphere after 
the nuclear bomb tests of the 1950s and 60s to 
hypothesize that, if adult neurogenesis was true 
for humans, then the  postmortem  analysis of C 14  
in the brain should show neurons that were born 
in years posterior to the individual’s year of birth. 
Curiously, not only this was demonstrated to be 
the case, but also that: (1) this was shown primar-
ily to happen indeed in the hippocampus; (2) 
through mathematical modelling, the group could 
show that AHN takes place in the human brain at 
similar rates to those found in the rodent brain. 
This is especially encouraging to behavioral neu-
roscientists, in that it gives support to the idea 
that understanding the mechanisms underlying 
AHN and behavioral change in animals might 
generate knowledge that is also, to great extent, 
applicable to  humans     . 

  One      of the greatest challenges to modern neu-
roscience is, thus, to identify specifi c interven-
tions and their respective mechanisms that are 
capable of upregulating AHN in health and dis-
ease. With effect, it has been demonstrated that 
AHN can be altered by: (1) different classes of 
drugs, such as hypnotics [ 75 ] and, classically, by 
antidepressants [ 76 ,  77 ]; (2) environmental 
 factors, like the exposure to an enriched environ-
ment [ 78 ,  79 ] and physical exercise [ 80 ,  81 ]; (3) 
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dietary factors (reviewed in [ 82 ]), such as with 
regard to meal intake (caloric restriction; [ 83 ]), 
meal frequency (intermittent fasting; [ 84 ]), meal 
texture (reviewed in [ 85 ]) and meal content 
(reviewed in [ 86 ]; for example, polyphenol- or 
omega-3 fatty acids-enriched diets × high fat 
diets). All these three levels of interventions have 
been shown, in animal studies, to be able to mod-
ify mental health-related behaviors likely via the 
induction of AHN. This opens a new avenue for 
studies using PD models. In this regard, to our 
knowledge, only one studied aimed at associating 
AHN to a panic-related response [ 87 ]. 
Specifi cally, these authors showed that chronic 
treatment with corticosterone induced anxiety 
[ 88 ] and decreased AHN in rats [ 87 ], an effect 
that could be counteracted by the antidepressant 
imipramine. However, the effects of chronic 
treatment with  corticosterone   on anxiety were 
related to avoidance behavior, which has been 
associated with generalized anxiety, and not to 
escape behavior, a panic-related response. 
Besides, chronic treatment with corticosterone 
has failed to induce specifi c panic-like behaviors; 
it can induce generalized anxiety- [ 88 ] and 
depressive- [ 89 ] behavioral phenotypes, both of 
which can be clinically comorbid with PD but are 
not necessarily and specifi cally a feature of panic. 
On the other hand, higher levels of awakening 
cortisol have been found in PD patients [ 90 ] and 
higher levels of corticosterone are largely known 
to be associated with downregulation  of      AHN 
[ 89 ]. Thus, the study of  hippocampal neurogene-
sis   in more specifi c animal models of PD, which 
might have high levels of corticosterone as one of 
their biomarkers of stress, may render invaluable 
responses on the mechanisms by which the hip-
pocampus may contribute to anxiety in PD, as 
well as serve as a platform for the screening of 
potentially effective interventions modifying 
AHN and panic-related behaviors. 

       But animal models are not the only way to 
study the putative roles of AHN in PD. The 
recent advent of patient-specifi c induced pluripo-
tent stem cells ( iPSCs)      (reviewed in [ 91 ]) has 
immensely added to the toolkit of scientists aim-
ing to unravel the cellular and molecular sub-
strates of potentially any disease with a strong 

genetic component, which is the case of a 
 multitude of mental illnesses, including PD [ 92 ]. 
The use of these cells offers a variety of relevant 
advantages, such as: (1) the fact that it is not only 
human, but patient-specifi c tissue; (2) collecting 
samples for the generation  of      iPSCs is a non- 
invasive procedure; (3) it allows for  in vivo  cor-
relation of the cellular/molecular fi ndings with 
those from the same patients in neuropsychologi-
cal assessment and neuroimaging evaluation. Of 
special interest for our topic, it has been recently 
demonstrated that DG granule neurons can be 
generated from human pluripotent stem cells 
[ 93 ]. Subsequently, a next frontier in the study of 
the neurobiology of PD, particularly with regard 
to the contributions of the hippocampus, could be 
the generation of DG neurons from iPSCs of  PD 
patients.       

3.6     Conclusion 

 The lifetime prevalence of PD is estimated to 
reach 3.7 %, with panic attacks reaching alarming 
22.7 % [ 94 ], thus posing the study of the biopsy-
chosocial features related to this impairing disor-
der as an important challenge for contemporary 
science. 

 This chapter discussed empirical evidence on 
the putative roles of the hippocampal formation 
for the threat-biased emotional processing char-
acteristic of PD. Although, as described, the lit-
erature comprises growing evidence for a 
contribution of the hippocampus in PD and other 
anxious states, it is noteworthy that the complex 
cognitive and emotional processing of any neuro-
psychiatric illness results from abnormal func-
tioning of neural circuits encompassing a number 
of brain regions, each contributing for different 
aspects of the disease. The future of our under-
standing of the neurobiological basis of PD, and 
of other psychiatric disorders, lies thus on the 
active integration of knowledge not only about 
the brain regions involved, but also on their func-
tional connectivity. This is a dynamic result of 
intricate genetic and epigenetic factors regulating 
neurochemical, endocrine and behavioral sys-
tems. Interestingly, if on the one hand these 
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 factors are at the very basis of psychiatric disorder, 
on the other they also hold promise to be modifi -
able targets for effective pharmacological, 
psychotherapeutic/environmental and dietary 
interventions.     
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     Abstract  

  Panic disorder (PD), is characterized by 
repeated PAs (i.e. abrupt surges of anxiety and 
fear accompanied by physical – e.g. pounding 
heart, sweating, trembling, etc. – and cogni-
tive – e.g. fear of dying, fear of losing control, 
etc. – symptoms that usually reach their peak 
within 10 min), and major changes in behavior 
or persistent anxiety over having further attacks 
for at least 1 month. Since PD can be treated 
with psychotropic drugs and/or psychotherapy 
it has been commonly considered a mental dis-
order. However, recent evidence indicates that 
patients with PD exhibit subclinical anomalies 
in the respiratory, cardiac, and balance systems. 
In addition, apart from reducing panic symp-
toms, many antipanic pharmacotherapies 
(e.g. SSRIs) improve the functioning of the 
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abovementioned systems. Therefore, some 
authors believe PAs may be real alarms arising 
from transient instability of homeostatic body 
functions. The idea PD is a mere psychiatric 
disease may be challenged by acknowledging a 
paramount role also to aberrant homeostatic 
functioning. This might pave the way to a more 
integrated approach of treating PD.  

  Keywords  

  Panic disorder   •   Homeostasis   •   Respiration   • 
  Cardiac system   •   Balance   •   Vision   • 
  Photosensitivity  

4.1       Introduction 

 According to the latest edition of the  Diagnostic 
and Statistical Manual of Mental Disorders (DSM-
5)   panic disorder (PD) is an  anxiety disorder    char-
acterized   by recurrent unexpected panic attacks 
( PAs)     , consisting of  physical and cognitive symp-
toms   such as palpitations, dyspnea, dizziness, 
derealisation, fear of losing control, and fear of 
dying, that surge abruptly and that reach a peak 
within minutes, provoking intense fear or discom-
fort. Beyond the PAs themselves, which are the 
hallmark of the disorder, another key feature of PD 
is fear (1 month at least) of having future PAs, 
which can lead to important maladaptive changes 
in behaviour (i.e. anticipatory anxiety and phobic 
avoidance of places and situations where an attack 
has occurred or where patients believe it may 
occur). PD frequently occurs in comorbidity with 
other mental disorders, such as agoraphobia, major 
depression disorder, and bipolar disorder, it can be 
chronic and disabling, can cause distress and 
impair quality of life [ 1 ]. PD has a  lifetime preva-
lence   of approximately 3.5 % in the general popu-
lation and 5–8 % in primary care settings [ 2 – 4 ]. 
Etiology of PD has not been fully unfolded; how-
ever research suggests interaction of genetic pre-
disposition and specifi c environmental factors. PD 
is considered a mental disorder because: (1) PAs 
are deemed false alarms. It has been more than 
20 years since germinal theories postulated the 

existence of hypersensitive alarm systems in 
PD. According to Klein PAs occur when the  suf-
focation alarm system   is erroneously triggered [ 5 ]; 
 Gorman’s neuroanatomical model      postulates PAs 
are conditioned fear responses mediated by an 
overly sensitive fear network [ 6 ,  7 ]; the three- 
alarms (true, false, learned) theory deems PAs as 
the results of both spontaneous fi ring of the fear 
system and conditioning processes to internal or 
external cues [ 8 ]. Clark et al. [ 9 ] consider PAs 
 catastrophic misinterpretations   of harmless bodily 
sensations. These theories share the assumption 
that alarms are false because patients with PD are 
physically healthy. (2) PD is treated with psycho-
tropic drugs and/or psychotherapies. Withal there 
has been some debate whether to consider PD just 
a mental disorder. 

 Beside  cognitive symptoms  , patients with PD 
often complain of several somatic symptoms 
including respiratory diffi culties, irregular heart-
beat, dizziness, and photophobia. Usually physi-
cians and psychiatrists after conducting standard 
procedures (such as physical and/or clinical  tests  ) 
reassure patients that their bodies function per-
fectly, and they ascribe the  somatic symptoms   
entirely to anxiety. Conversely numerous scien-
tifi c fi ndings suggest that patients with PD may 
suffer from subclinical abnormal organic systems 
functioning (e.g. in the cardio-respiratory and the 
balance systems), which may be associated with 
hyperreactivity to hypercapnic and hypoxic inha-
lations, subclinical autonomic hyperreactivity, 
and space and motion discomfort. 

 In the next paragraphs we examine evidence 
that patients with PD may manifest subtle physi-
ological functions abnormalities as well as 
reduced adaptability to changes, and that their 
brains are more akin to react when these systems 
are stimulated. In particular, we will focus on 
three main systems: the cardiac, the respiratory, 
and the balance systems. We hypothesize that 
PAs are true  alarms signaling      aberrant function-
ing of one or more of these body systems. Finally 
we speculate that patients with PD are physiolog-
ically different from healthy subjects and there-
fore PD may be reconsidered from two non 
mutually-exclusive perspectives (a somatic one 
and a psychological one) and that patients may 
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benefi t from therapeutic approaches that simulta-
neously take into account both facets of the 
disorder.  

4.2      Respiration   in Panic Disorder 

  Breathing   is involved in the phenomenology and 
the biological mechanisms of PD. Both experi-
mental and clinical observations provide strong 
evidence that a connection between panic and 
respiration does exist [ 10 ,  11 ].  Respiratory symp-
toms      are very frequent among patients with PD 
[ 12 ], both during spontaneous PAs and during 
daily-life [ 13 ], and constitute a hallmark of  PAs   
and PD. Further information corroborates this 
correlation. First, an association between PD and 
 hyperventilation   is known. Indeed, several stud-
ies reported low resting partial pressure of carbon 
dioxide (CO 2 ) in patients with PD [ 14 ,  15 ]. Also 
up to 40 % of patients with PD suffers from 
hyperventilation and both patients with PAs and 
patients with hyperventilation  syndrome   exhibit 
similar respiratory  symptoms  , such as dyspnea 
[ 16 ]. Hence it might be that  hyperventilation 
  causes PAs in patients suffering from 
PD. However chronic hyperventilation (and 
hypocapnia) has been reported in less than 50 % 
of the patients with PD and it does not seem to be 
unique of PD. In fact it is also prevalent in 
patients suffering from other anxiety disorders 
and it may just refl ect background anxiety [ 17 ]. 
   Hyperventilation seems to induce anxiety, but not 
PAs, in patients with PD [ 18 ]. Panic precedes 
hyperventilation, as it is the case during hyper-
capnic challenges [ 19 ], and a review claimed that 
a causal role of  hyperventilation   in the etiology 
of  PD seems   unlikely [ 11 ]. Recently Meuret et al. 
[ 20 ]    examined changes in respiration, heart rate, 
and skin conductance level 60 min before and 
10 min after PAs in individuals suffering from 
PD. The authors observed important patterns of 
autonomic and respiratory irregularity that were 
not detected by the patients, as early as 47 min 
before panic onset. Respiratory changes, such as 
decreased  tidal volume and pCO 2    increase, char-
acterized the fi nal minutes preceding a PA. These 
fi ndings suggest that hypoventilation precedes 

PAs. Given that during the PA, tidal volume (and 
heart rate) increased and pCO 2  dropped, suggest-
ing hyperventilation, it might plausible to assume 
that hyperventilation is merely a consequence 
(and probably a compensatory mechanism) rather 
than a cause of PAs.  Skin conductance levels      
raised in the hour preceding PAs as well as during 
the attacks. These changes were largely absent 
when an attack did not occur. These fi ndings sug-
gest that unexpected PAs are preceded by signifi -
cant autonomic irregularities and invite to rethink 
the classic nosotaxy between situational and 
spontaneous PAs.  

    Second, an association between  PD and respi-
ratory diseases   was found. Goodwin, Pine [ 21 ] 
documented an association between  self-
reported respiratory diseases   and increased like-
lihood of PAs among adults in the general 
population, also when controlling for differences 

 Box 4.1. Panic Disorder 

   Respiration: 
•      Respiratory symptoms and respiratory 

diseases are very frequent.  
•   Hypersensitivity to hypercapnic gas- 

mixture inhalation.  
•   Baseline respiratory irregularity (e.g. 

chronic hyperventilation).  
•   Respiratory PD subtype.   

     Cardiac system: 
•   Comorbidity with cardiac disorders.  
•   Comorbidity with coronary artery 

disease.  
•   Decreased cardiac vagal function.  
•   Higher exercise avoidance and worse 

cardiopulmonary performance.   

     Balance and vision: 
•   High prevalence of vestibular symptoms.  
•   Balance control mainly relies on non- 

vestibular cues, especially visual cues.   

     Photosensitivity: 
•   Lowered threshold of tolerance to light.  
•   Photophobic behavior.    
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in sociodemographic characteristics, physical 
illnesses, and comorbid mental disorders 
(adjusted OR = 1,7–95 % CI) and concluded that 
this association is specifi c to PAs. Up to 40 % of 
patients with PD have a history of respiratory 
disease, in particular asthma and bronchitis [ 11 ]. 
PD prevalence in patients suffering from chronic 
obstructive pulmonary disease is higher both 
than in people suffering from other mental disor-
ders (i.e. obsessive-compulsive, depressive, and 
eating disorders) and than in healthy controls 
[ 22 ,  23 ]. The nature of this association remains 
largely unknown. It may be that either PAs pre-
cede the onset of respiratory disease or that 
 respiratory   or lung disease lead to the  develop-
ment   of PAs. Alternatively a third factor (e.g. 
cigarette smoking) may increase co-occurrence 
of respiratory disease and PAs. Future studies 
that identify genetic and/or  environmental   routes 
of transmission are warranted to determine the 
specifi c mechanisms of this association, albeit 
mounting evidence indicates that respiratory ill-
ness precedes PD. 

    Third, patients with PD showed behavioural 
and  respiratory   hypersensitivity to hypercapnic 
gas-mixture inhalation [ 24 ,  25 ] and subclinical 
abnormalities in respiratory patterns. Klein [ 5 ] 
speculated that PAs are “ false suffocations 
alarms  ” resulting from carbon dioxide hypersen-
sitivity that induces the brain’s suffocation 
 monitor to erroneously signal lack of air and 
breathlessness. This might lead to respiratory dis-
tress, hyperventilation and, eventually, to a 
PA. Preter and Klein [ 26 ] further developed the 
suffocation false alarm theory and proposed that 
endogenous opioidergic regulation dysfunctions 
increase suffocation sensitivity, separation anxi-
ety, and PAs. Just recently, the same authors dem-
onstrated an association between endogenous 
opioid system defi ciency, panic-like suffocation 
sensitivity, and childhood parental loss. Finally, 
this theory reshaped the role of the amygdala 
(and in general of the fear system) in PD. This is 
consistent with fi ndings of patients with focal 
bilateral amygdale lesions who also exhibited 
PAs in response to CO 2  inhalation [ 27 ]. Hence, 
an alternative alarm system beyond  the   amygdala 
is likely to underlie hypersensitivity to CO 2 . On 

the top of that, absence of hypothalamic pituitary 
adrenal activation during PAs contrasts the 
assumption that panic is a manifestation of a 
hypersensitive fear system [ 28 ]. However both 
normal and increased hormonal activity has been 
reported in PD [ 29 ]. It might be that HPA-axis 
abnormal function may render some individuals 
more vulnerable to PD (and to psychopathology 
in general) over time, perhaps by increasing vul-
nerability to future stressors. 

    Children suffering from anxiety disorders 
exhibit greater changes in somatic symptoms 
after CO 2  inhalation and those who developed 
panic symptoms manifest respiratory rate 
increases in response to CO 2  breathing and ele-
vated mean tidal volume levels, and higher respi-
ratory rate variability during room-air breathing 
[ 30 ].  Behavioral   hyperreactivity to CO 2  has been 
found in healthy fi rst-degree relatives of patients 
with PD. Finally, even mentally healthy individu-
als with fi rst-degree relatives suffering from PD 
experience behavioral and respiratory hyperac-
tivity in response to CO 2  administration when 
compared to controls without such a family  his-
tor  y [ 31 ,  32 ]. 

    Our group investigated the breath-by-breath 
complexity of respiration dynamics in patients 
with PD and in healthy controls. We found that 
 patients   exhibited greater baseline respiratory 
irregularity, which may be a vulnerability factor 
to PAs [ 33 ]. We also found higher respiratory 
irregularity in children of patients with PD when 
compared to children of psychiatrically healthy 
parents, even when children with anxiety disor-
ders were excluded. Hence irregular breathing 
may represent a risk marker of familial vulner-
ability to PD that is independent of “state” 
effects and it may anticipate PD [ 34 ]. In addi-
tion, subjects with PD show increased respira-
tory variability during mild physical activity 
even in the absence of full blown respiratory 
 diseases   [ 24 ,  35 ]. 

     In   a recent meta-analytic review our research 
group compared baseline respiratory and 
hematic parameters related to the respiratory 
function in subjects with PD and in healthy con-
trols. We found higher baseline mean minute 
ventilation (MV), and lower end-tidal partial 
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pressure (et- pCO 2 ) and venous pCO 2  in subjects 
with PD, which indicated a condition of base-
line hyperventilation. In addition, reduced 
HCO 3  −  (bicarbonate ion) and PO 4  −  (phosphate 
ion) venous concentrations suggest that hyper-
ventilation may be chronic and not just related 
to higher anxiety states during the respiratory 
assessment. Finally preliminary indication of 
higher MV, respiration rate (RR) and tidal vol-
ume (TV) variability, higher RR and TV irregu-
larity, and higher rate of sighs and apneas in the 
respiratory patterns of these subjects was found 
[ 14 ]. Whether these respiratory abnormalities 
are peculiar to PD or whether they are common 
to other anxiety disorders is currently debated. 
On the one hand it is known that anxiety infl u-
ences respiration [ 36 ], therefore respiratory 
abnormalities may be not specifi c to PD but they 
might be common also in subjects suffering 
from other anxiety disorders. Previous research 
on baseline respiratory parameters (especially 
mean RR, TV, MV, and et- pCO 2 ) in subjects 
with PD and in subjects suffering from other 
anxiety disorders yielded confl icting results 
[ 37 – 39 ].       Just recently in a meta-analysis our 
research team observed signifi cant differences 
between the baseline respiratory parameters in 
subjects with PD and in subjects with  social 
phobia (SP)      or generalized anxiety disorder 
(GAD). We found signifi cantly lower mean end-
tidal partial pressure of CO 2  (et-pCO 2 ) in sub-
jects with PD than in those with SP or GAD, and 
higher mean respiratory rate, lower venous et-
pCO 2  and HCO 3  −  concentration in subjects with 
PD than in those with SP. These fi ndings sug-
gested that subjects with PD have a condition of 
baseline hyperventilation when compared to 
subjects with SP or GAD. Hematic variables 
suggested that the hyperventilation may be 
chronic. Conversely, we did not fi nd signifi cant 
differences in respiratory abnormalities between 
subjects  with      SP or GAD and healthy controls 
[ 15 ].    These results support the idea  that   baseline 
respiratory abnormalities are specifi c to PD. It is 
still not clear whether hyperventilation may 
arise from an intrinsic malfunction of the respi-
ratory system or rather from panic-related anxi-
ety. Chronic hyperventilation in PD indicates 

that state anxiety during respiratory assessment 
does not fully explain these respiratory abnor-
malities. Yet, patients with PD exhibit specifi c 
emotional, cognitive and behavioral characteris-
tics, such as fear of somatic sensations, panic-
specifi c beliefs, and phobic/protective behaviors. 
   Given that these features are not completely 
captured by trait/state anxiety measurements, 
they may specifi cally infl uence respiration in 
this population. 

       Several hypotheses have been advanced to 
elucidate the origin of respiratory irregularity in 
PD. It is known that complex regulatory systems 
modulate  respiration.   Many  brainstem regions   
containing CO 2 -sensitive neurons are implicated 
in regulating both ventilation and panic [ 40 ,  41 ]. 
Hence it is plausible to hypothesize that some 
overlap exist between neurons that serve respira-
tion and those that elicit panic. Protopopescu 
et al. [ 42 ] found increased brainstem gray matter 
volume in the ventral and dorsal midbrain, and in 
the rostral pons of patients with PD compared 
with healthy controls. In a recent review, Perna 
et al. [ 43 ] also suggested that  the   brainstem vol-
ume is larger in patients with PD and that aber-
rant functioning of the brainstem serotonergic 
system (i.e. altered serotonergic receptors and 
5-HT-transporter bindings) is likely to be 
involved in panic modulation as well as in (car-
dio)respiratory activity. The  pre-Bötzinger com-
plex      is a cluster of brainstem neurons that 
contains the basic circuits for respiratory rhythm 
and pattern generation [ 44 ]. Breathing irregulari-
ties may arise from an intrinsic deranged activity 
of the pre-Bötzinger complex neurons, that fail to 
adequately cope with external stimuli and that 
would underlie respiratory phenomena, such as 
sighs and gasps, and/or from compensatory-like 
responses to abnormal central and/or peripheral 
signals (the brainstem communicates with both 
sensory afferents from central and peripherical 
chemoreceptors and from pulmonary/chest wall 
receptors). In addition, more  rostral areas   such as 
the hypothalamus, cerebellum and cortex, modu-
late respiration across different physiological 
states [ 45 ,  46 ]. 

    The  limbic circuit regulates respiration   dur-
ing arousal and emotional states. The dorsal 
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 periaqueductal gray seems to regulate uncondi-
tioned defensive responses to proximal threats, 
including physical stimuli, therefore it might be 
implicated in PD [ 47 ]. Respiratory irregularity in 
patients with PD may derive from abnormalities 
in these brain centers. Finally, a wider and more 
general dysfunction across the homeostatic sys-
tems, including the respiratory system, the cardiac 
system, and the balance system may underlie such 
respiratory irregularity. For instance the parabra-
chial nucleus in the brainstem fi lters and orga-
nizes interoceptive stimuli from our basic 
homeostatic functions, and maintains a represen-
tation of internal stability and bodily well-being 
[ 48 ]. Given that basic physiologic systems work 
in concert with mutual modulation, we speculated 
that breathing irregularities may be related to per-
turbations of the cardiovascular system and the 
balance system and that the respiratory irregular-
ity in patients with PD might originate from a 
more general dysfunction of the brainstem cir-
cuits that modulate homeostatic functions. Within 
this framework,  PAs   may represent a primal emo-
tion arising from those specifi c brain circuits that 
process bodily sensations and perceptions that are 
related to homeostatic functions. Functional fail-
ure in these centers might account for the emer-
gence of PAs [ 25 ]. In conclusion  homeostatic 
dysfunctions   (in particular respiratory dysfunc-
tions) may be crucial in the pathophysiology of PD 
and trigger neuroanatomical networks involved 
in PAs. Maddock [ 49 ] claimed that excessive 
response to lactate in the brain may underlie these 
abnormal respiratory fi ndings. Similarly, Esquivel 
et al. [ 45 ] maintained that much of the connection 
between panic and respiration might be explained 
by altered acid-base levels in the brain: acute 
brain acidosis may be linked to PD and PAs might 
represent a defensive response to subtle potentially 
threatening acid-base alteration. Administration 
of  panicogenic substances   (e.g. lactate or CO 2 ) 
would activate the centers that govern brain pH 
and evoke spontaneous PAs. It is plausible to 
assume that the degree of brain acidosis is rele-
vant to the panic symptoms induced by CO 2  inha-
lation and it may refl ect an underlying metabolic 
disturbance (see next paragraphs). Whether higher 
respiratory irregularity is a consequence or rather 

a trait marker vulnerability of PD is a question 
that deserves a conclusive and defi nite answer. 
So far, preliminary fi ndings supported the latter 
hypothesis. 

     Smoking   has been seen as a risk factor for the 
fi rst occurrence of PAs and the onset of PD [ 50 , 
 51 ]. Withal the biological mechanisms underly-
ing the link between PAs  and smoking   are largely 
unknown. Our team investigated the effects of 
smoking on respiratory irregularity in patients 
with PD. When compared with healthy controls, 
both smoker and non-smoker patients exhibited 
greater respiratory irregularity but smoker 
patients showed higher irregularities than non-
smoker patients. On the contrary, smoking did 
not infl uence the regularity of respiratory pat-
terns in healthy subjects. Overall, smokers had 
more severe PAs than nonsmokers [ 52 ]. It might 
be that  smoking   impairs respiration in patients 
with PD, and infl uences the onset and/or mainte-
nance of the disorder. Abelson et al. [ 53 ] claimed 
that respiration irregularity in PD is infl uenced by 
neither doxapram-induced hyperventilation 
(doxapram is a respiratory stimulant) nor cogni-
tive manipulation but it appears to have intrinsic 
and stable features. However replication studies 
with a greater number of participants necessitate 
to yield more robust and convincing evidence and 
to confi rm behavioral and/or respiratory hyper-
reactivity both at baseline and following CO 2  
administration in patients with PD. 

    Fourth, there has been a long scientifi c debate 
on  whether   PD might be categorized in different 
subtypes according to specifi c clusters of symp-
toms. Several investigators speculated about the 
existence of a respiratory and a non-respiratory 
PD. Klein [ 5 ] hypothesized a connection between 
the respiratory system and PD. Ley [ 54 ] also pos-
tulated the existence of a subcategory of PD with 
dyspnea, heart palpitations, terror, and a strong 
desire to fl ee, as predominant symptoms. 
Similarly Briggs et al. [ 13 ] contemplated the 
existence of a subgroup of PD characterized by 
more respiratory symptoms (e.g. shortness of 
breath, feelings of choking, etc.), higher occur-
rence of spontaneous PAs, and better response to 
imipramine, whereas the non-respiratory group 
seems to suffer more from situational PAs and to 
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respond better to alprazolam. More recently Song 
et al. [ 55 ] found that patients with the respiratory 
subtype exhibited earlier onset of PD, more 
severe clinical symptoms, higher fear of respira-
tory symptoms, higher co-occurrence of agora-
phobia, and better response to SSRIs, when 
compared to patients with non-respiratory sub-
type. Those with predominant respiratory symp-
toms were also more sensitive to CO 2  challenges, 
exhibited higher familial prevalence of  PD   and 
earlier onset of the disorder, as well as more pre-
vious depressive episodes [ 56 ]. 

    35 % CO 2  inhalation induced dyspnea in 
patients with PD [ 22 ]. We found that patients 
with PD who reacted to 35 % CO 2  were charac-
terized by greater baseline pattern of tidal volume 
and inspiratory drive compared to patients who 
did not react to 35 % CO 2  [ 34 ]. Meuret et al. [ 57 ] 
identifi ed three dimensions of panic: the  cardio-
respiratory   (with palpitations, shortness of breath, 
choking, chest pain, numbness, fear of dying) the 
autonomic/somatic (with sweating, trembling, 
nausea, chills/hot fl ashes, and dizziness) and the 
cognitive (with derealisation, fear of going crazy 
or losing control). A systematic review by 
Niccolai et al. [ 24 ] indicated that patients with 
PD exhibit an abnormal breathing pattern when 
compared to controls, during rest/baseline, chal-
lenge, and recovery conditions, and that respira-
tory variability may be a possible endophenotype 
of PD. Roberson-Nay et al. [ 58 ] compared the 
respiratory and non-respiratory panic to investi-
gate whether these subtypes represent a single 
disorder, whether they differed on a quantitative 
(i.e. severity) or rather qualitative (i.e. distinct 
patterns) dimension from one another.    Their 
results suggested that the two panic subtypes had 
distinct symptom profi les that differed in severity 
and that respiratory panic represented the most 
severe form of the disorder. In sum, suffi cient sci-
entifi c evidence supports that patients with PD 
with prominent respiratory symptoms constitute 
a discrete subgroup with more severe symptoms. 
Finally, from a review by it emerged that hyper-
sensitivity to CO 2  might be a valid marker of the 
respiratory PD subtype [ 2 ]. We believe it is plau-
sible to distinguish between respiratory and non-
respiratory  PD.   Genetic and neuroimaging 

studies are encouraged to provide a defi nite 
answer on whether it is appropriate to separate 
PD into distinct subcategories.    

 In conclusion, the respiratory system of indi-
viduals suffering from PD appears to be more 
unstable and sensitive than subjects without 
PD. It is pivotal to verify to which extent the 
respiratory abnormalities arise from intrinsic 
malfunctions of the respiratory system.     

4.3      Cardiovascular System   
and PD 

 Heart palpitations or a racing heart, and chest 
pain or discomfort are among the core somatic 
symptoms that  characterize   PAs. Subjects who 
experience  PAs   are often concerned they may 
suffer from a cardiac disease or that they are 
dying of a heart attack and repeatedly refer emer-
gency room. Of these individuals, more than 
20 % is not  diagnosed   with a cardiac problem but 
rather with PD [ 59 ]. Although routinely cardiac 
examination yields negative result, the symptoms 
these subjects experience feel so real that reassur-
ance from the doctors is not enough to convince 
them their cardiovascular system performs nor-
mally. Most of these individuals believe there 
might be some undetected abnormality in their 
cardiovascular system [ 60 ]. As a results they tend 
to worry about future attacks and develop antici-
patory anxiety, which negatively impacts on their 
quality of life and daily functioning. Also, fre-
quent special consultation results in increased 
health care consumption and costs [ 61 ]. A link 
between PD and cardiac disorders (CDs) 
emerged. Some historical studies suggested an 
association between PD, arrhythmias, sudden 
cardiac death or idiopathic cardiomyopathy [ 62 –
 64 ]. Several reports found a relationship between 
PD and coronary artery disease ( CAD  )   . PD prev-
alence ranged from 11 % to 53 % in patients with 
documented  CAD   who visited emergency rooms 
(ERs) or outpatient cardiology clinics [ 65 – 67 ], 
especially in those with atypical chest pain [ 65 ]. 
Chance of suffering from  CAD   was 26 % in 
patients with PD who referred to  ERs   for chest 
pain [ 68 ]. Conversely, other studies failed to fi nd 
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an association between PD and  CAD      in patients 
presenting with chest pain to ERs or cardiology 
settings [ 69 – 71 ]. Such discrepancy may arise 
from methodological limitations of the studies, 
such as low sample sizes, lack of standardized 
tests for cardiac diagnoses and/or clinician- 
reported questionnaires to evaluate PD, and/or 
comorbid psychiatric disorders associated with 
cardiac risk. 

    Although many studies did not fi nd an associ-
ation between PD and  CAD      [ 72 ,  73 ], others that 
used more robust methodological criteria (e.g. 
inclusion of subjects with primary diagnosis of 
PD performed by a clinical interview and/or 
structured clinician-administered interview, diag-
nosis of CDs obtained by medical examination, 
sensitive standardized tests, and standardized cri-
teria) support a cross-sectional association 
between current PD and  CAD      (prevalence across 
studies ranged from 4.7–21 %) [ 74 – 76 ]. This 
suggests that past history of PD may also be rel-
evant for the occurrence of  CAD  , even in the 
absence of current panic symptoms at the time of 
 CAD   diagnosis. Thus, lack of investigating life-
time PD in some studies may have hampered the 
identifi cation of a relationship between PD and 
CDs. In addition, in older subjects with cardio-
vascular diseases ( CVDs  )    higher rates of sub-
threshold panic-phobic symptoms emerged and 
this suggests a possible association between 
 CVDs   and panic even in the absence of a full- 
blown PD [ 77 ].       Finally, a  nationwide population- 
based study   by examined prospectively the 
relationship between PD and acute myocardial 
infarction risk within 1 year of follow-up and 
found that almost 5 % of patients with PD experi-
enced an acute myocardial infarction episode 
within a year, compared with less than 3 % in the 
comparison cohort [ 78 ]. The association per-
sisted also when controlling for hypertension, 
coronary heart diseases, and age and the authors 
concluded that PD may represent an independent 
risk factor for developing  acute myocardial 
infarction  . These results confi rm previous fi nd-
ings of a large cohort study based on the US 
National Managed Cara Database [ 79 ]. They 
showed that patients with PD (about 40,000 sub-
jects) had a nearly twofold increased risk for sub-

sequent  CAD      (AMI, unstable angina or angina 
pectoris) than subjects without PD (about 40,000 
subjects), even after adjusting for age at entry in 
the cohort, smoking, obesity, use of angiotensin 
converting enzyme inhibitors, beta blockers, 
diuretics, and statins. The  average time span   
between diagnosis of PD and incident diagnosis 
of a CDs event was about 1.5 years. Both direct 
(e.g. physiological alterations) and indirect (e.g. 
unhealthy behaviors) mechanisms may underlie 
the association between panic and cardiac risk. 
Many studies described imbalanced autonomic 
regulation and reduced heart rate variability 
(lower parasympathetic activity and higher sym-
pathetic/parasympathetic ratio) in patients with 
PD. Defective neuronal noradrenaline reuptake 
in the heart may contribute to adverse cardiac 
events in subjects with PD by augmenting the 
sympathetic cardiac fi ring [ 80 ]. Important asso-
ciations between PD and increased arterial stiff-
ness (that predicts cardiovascular mortality), 
poor cardiovascular fi tness and several factors 
negatively affecting the endothelial function, and 
the development of atherosclerosis, (such as 
increased homocysteine levels, platelet aggrega-
tion, lower levels of nitric oxide, lipid pattern 
abnormalities, and higher infl ammatory indexes) 
emerged [ 81 – 83 ]. In subjects with PD, inhalation 
of 35 % CO 2 –65 % O 2  gas mixture (which is 
known to induce PAs), provoked transient myo-
cardial ischemia at least in “high risk”  CAD   
patients [ 84 ]. Niccolai et al. [ 85 ] found that heart 
rate in response to the 35 % CO 2  challenge was 
higher in subjects with PD than controls. 
Moreover patients needed more time to recover, 
and showed increased respiratory parameters 
variability. Taken together these fi ndings suggest 
that  PAs   are disturbing events for the  cardio- 
respiratory system   that may contribute to increase 
cardiac risk in this population over time. As we 
discussed in the previous chapter, subjects with 
PD have also irregular respiratory patterns [ 33 , 
 39 ] and baseline hyperventilation [ 14 ]. Since res-
piration infl uences the autonomic regulation of 
cardiac activity [ 86 ] and coronary vasospasm can 
be precipitated by hyperventilation [ 87 ,  88 ], such 
peculiar respiratory features may increase vul-
nerability to  CAD  . 
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    The  QT interval   indicates the time the ven-
tricular myocardium needs to depolarize and 
repolarize. A lengthened QT interval is a marker 
for ventricular tachyarrhythmia and a risk factor 
for sudden death. QT variability is elevated in 
patients with PD than in healthy controls [ 89 ]. 
QT interval variability is closely related to 
HRV. Decreased heart rate and heart period vari-
ability in patients with PD compared to normal 
control subjects, suggests  decreased cardiac 
vagal function   [ 90 ,  91 ]. Increased QT variability 
in combination with decreased HRV may signifi -
cantly increase the risk for cardiovascular mor-
bidity and sudden death [ 92 ,  93 ]. Both HRV  and 
  QT interval can be infl uenced by sympathetic 
mechanisms. Considering that PAs are associated 
with several autonomic symptoms, including 
chest pain, heart pounding, tachycardia, and 
shortness of breath, such enhanced autonomic 
activity can result in a signifi cant increase in QT 
variability [ 94 ]. Increased QT in patients with PD 
may be due to increased sympathetic activity 
which may put them at a greater risk for signifi -
cant cardiovascular events and sudden death. 
Finally, some studies performing surface electro-
cardiogram in subjects with PD found that the 
QT interval augmented even more during hyper-
ventilation challenges [ 95 ]. Patients with PD also 
manifest increased dispersion of  the   QT and 
P-wave [ 96 ,  97 ], which indicates higher regional 
heterogeneity of ventricular repolarization and 
atrial depolarization, respectively, and are con-
sidered indicators of arrhythmia and sudden 
death risk [ 98 – 100 ]. 

    The physiologic alterations found in PD 
patients are consistent with the idea that abnor-
mal regulation of the body homeostatic functions 
may be involved in the pathophysiology of PD 
[ 25 ,  43 ] and confer a peculiar vulnerability to 
medical diseases, including  CDs   [ 25 ,  101 ]. 
Lastly, behavioral risk factors, such as smoking 
[ 102 ,  103 ] (which is known to be associated with 
increased cardiovascular risk) and physical exer-
cise avoidance [ 103 ] may contribute to cardiac 
morbidity in PD. Cigarette smoking prevalence is 
high in patients with PD when compared with 
both healthy controls and subjects with other 
anxiety disorders [ 50 ]. Patients with PD exhibit 
 higher exercise avoidance and worse cardiopul-

monary exercise   performance when compared to 
healthy controls. We investigated cardiorespira-
tory fi tness levels in subjects with PD and in a 
group of age-, gender-, weight-, and physical 
 activity   levels-matched healthy controls. We also 
investigated whether psychological variables (i.e. 
state and trait anxiety, fear of physical sensations, 
and fear of autonomic arousal) infl uenced cardio-
respiratory responses and perceived exertion of 
patients PD during a submaximal exercise test. 
We found that although patients had poorer car-
diorespiratory fi tness and spent more effort dur-
ing physical exercise, this was not related to the 
psychological variables examined but it might be 
related to a diminished ability of the cardiac sys-
tem to effi ciently respond to physical efforts 
[ 104 ]. This might contribute to a sedentary life-
style and to increased cardiovascular risk in the 
long run [ 103 ,  105 ]. 

    Taking into account the available data and 
given the involvement of the cardio-respiratory 
system in the pathophysiology of PD, a more in- 
depth investigation of the association between 
panic and  CDs   is strongly recommended. 
Therefore research, preferably longitudinal, is 
encouraged to confi rm the association between 
both full-blown and subthreshold panic and 
 CAD  , to investigate the association between 
panic and other CDs, such as arrhythmias, and 
hypertension and to investigate whether specifi c 
subgroups of subjects with PD (e.g. those with 
biological subclinical risk factors and/or higher 
cardio-respiratory instability and symptoms) 
might be at higher risk of cardiovascular disease. 
Unfortunately PD is often under-recognized in 
cardiological care settings and diagnosing PD 
may result in failure to recognize cardiac diseases 
[ 70 ]. Hence a better understanding of this rela-
tionship between may contribute to improve 
treatment and prevention of both  PD and CDs.    

4.4     Panic Disorder 
and the  Balance System   

 Prevalence of  vestibular symptoms     , such as ver-
tigo, instability, and lightheadedness is higher in 
individuals suffering from PD, when compared 
to control populations [ 106 ]. Jacob [ 107 ] noticed 
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that 75 % of patients with PD manifest postural 
instability. Up to one third of patients with PD 
and agoraphobia with chronic dizziness suffer 
from peripheral vestibular alterations [ 108 ]. 
Stambolieva et al. assessed postural instability by 
static posturographic tests of standing on stable 
and foam surfaces with open and closed eyes in 
30 patients with PD and in 30 sex- and age- 
matched healthy controls. They noticed that 
almost 84 % of the patients experienced dizziness 
and imbalance, both during and between  PAs  . No 
differences of sway velocity (an indicator of pos-
tural stability) emerged between the groups while 
standing on both surfaces with open eyes. 
However the  sway velocity   of the patients with 
PD was higher when compared to controls while 
standing with closed eyes both on the stable and 
the foam surfaces. The authors concluded that 
visual information plays a more important role in 
maintaining postural stability when sensory con-
fl ict exists [ 109 ]. 

    Finally,     peripheral vestibular disorders   seem 
to be more prevalent in patients with PD and ago-
raphobia than in patients with PD alone [ 110 ]. In 
a double-blind, random, cross-over study Perna 
et al. [ 111 ] compared a group of patients with 
PD, with and without agoraphobia, and a group 
of sex- and age-matched healthy controls who 
underwent static posturography in three condi-
tions (eyes open, eyes closed and neck extension) 
and the 35 % CO 2  challenge.  Symptomatological 
reactivity   to CO 2  correlated with balance system 
dysfunction in patients only in the eyes-closed 
condition. Up to 42 % of patients with PD (com-
pared to 0–5 % in controls) exhibited aberrant 
balance system functioning, which correlated 
with agoraphobic avoidance. The authors con-
cluded that the balance system seems to infl uence 
the psychobiological mechanisms underlying 
agoraphobic avoidance and therefore plays a role 
in the behavioural features of PD. 

    Staab et al. suggested three patterns of illness 
in patients with clinical syndrome of what they 
labeled   psychogenic dizziness   , which is charac-
terized by vague and elusive physical symptoms 
of vertigo and lightheadedness, in the absence of 
objective clinical tests abnormalities. The fi rst 
one is a  psychogenic pattern  , in which anxiety is 

the sole cause of the disorder. The second one is 
an  otogenic pattern  , in which a neurotologic con-
dition triggers the development of anxiety [ 112 ]. 
The mismatch theory of Furman and Jacob [ 113 ] 
also suggested that vestibular dysfunctions may 
provoke space and motion discomfort and elicit 
anxiety in patients with PD. The third one is an 
 interactive pattern   in which a neurotologic condi-
tion is responsible for the onset of dizziness but 
also exacerbates preexisting or prodromal anxi-
ety or panic symptoms. Therefore the connection 
between vestibular manifestations and anxiety 
disorders seems to be bidirectional: on the one 
hand vestibular disorders can trigger anxiety and 
on the other hand anxiety symptoms can trigger 
vestibular symptoms. This implies that at least 
some anomalies of the balance system can be 
ascribed to  psychological factors   rather than to 
vestibular dysfunctions. 

     Neuroanatomical/neurophysiological   circuit-
ries that might account for the relationships 
between the vestibular system and PD encom-
pass: (1) connections between the locus coeru-
leus and the lateral vestibular nucleus [ 114 ], (2) 
vestibular inputs to the raphae nuclei [ 115 ], (3) 
serotonergic infl uence on the vestibular system 
[ 116 ]. Finally  vestibular–respiratory connections   
have been proposed (4).    Vestibular nuclei project 
to and receive from the caudal parabrachial 
nucleus and the subparabrachial nucleus (i.e. the 
Kölliker-Fuse) [ 117 ,  118 ]. A review of anatomic 
and physiologic studies demonstrated direct con-
nections between the vestibular nuclei and the 
brainstem regions that infl uence both sympa-
thetic and parasympathetic activity [ 119 ]. A 
combination of autonomic, vestibular, and limbic 
information both in the brainstem and forebrain 
areas seems to regulate balance control. In par-
ticular, the parabrachial nucleus ( PBN)     , which is 
located in the pons, infl uences cardiovascular, 
respiratory, and autonomic responses and trans-
mits interoceptive information, as suggested by 
chemical stimulation and lesion studies [ 120 –
 122 ].  Respiration   and the balance system are 
intertwined and such connections may partly 
explain the association between hyperventilation 
and postural instability in patients with PD (who 
are in fact in a chronic state of hyperventilation), 
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in patients with vestibular diseases, and in healthy 
controls. These neuroanatomical connections 
indicate that respiration and the balance system 
are intertwined. In subjects with dizziness, hyper-
ventilation may induce nystagmus and reveal 
vestibular dysfunction [ 123 ]. Accordingly, we 
believe chronic hyperventilation contributes to 
postural instability and might aggravate dizziness 
in subjects with PD. 

     The      PBN mediates both awareness of, and 
affective and emotional responses to intrinsic and 
extrinsic stimuli that alter the sense of physiolog-
ical well-being (i.e. interoception) [ 124 – 127 ] 
and, in concert with the central amygdala, it also 
plays a role in recognizing ‘innate danger stim-
uli’ [ 128 ]. Because interconnections between the 
PBN, the limbic system and the prefrontal cortex 
seem to be involved in the development and 
expression of PD, it has been proposed that these 
structures may also be a substrate for the co- 
occurrence of balance disorders  and      PD [ 48 ]. 

 In conclusion, patients with PD seem to pres-
ent  subclinical abnormalities   in their balance sys-
tem. According to Balaban [ 129 ] such vestibular 
instability may be linked to changes in homeo-
static autonomic responses which in turn would 
trigger affective and emotional responses, includ-
ing panic.    

4.4.1        Balance and the Visual 
 System   in PD 

 Maintaining proper balance and posture partly 
depends on visual information. Scientifi c litera-
ture identifi ed that the visual system has two 
visual pathways referred to as central (or focal/
parvocellular) and  peripheral   (or ambient/mag-
nocellular). Visual information from central and 
peripheral visual fi elds have complementary 
roles and might differently affects postural con-
trol.  The   central vision enables object identifi ca-
tion and recognition, it works largely consciously 
and in isolation and enables direct visual impact 
on objects that appear straight in front of the 
visual fi eld. The peripheral vision underlies the 
perception of self-motion and body stance in the 
environment, and the ability to scan surroundings 

for changing conditions and to begin fast 
responses. It is generally considered to be 
involved in motion processing, posture, move-
ment and balance and in orienting and defensive 
reactions to visual motion, involving short latency 
postural adjustments as well as head and eye 
movements.    Finally peripheral vision also recog-
nizes harmful threats coming up alongside [ 130 ]. 

       In patients with PD balance control seems to 
rely mainly on  non-vestibular cues  , such as pro-
prioceptive and especially visual cues. In these 
individuals vision is perhaps the sensory systems 
most strongly associated with postural balance in 
particular when sensory confl ict exists or when 
the other sensory systems are compromised or 
damaged (e.g. while standing on an unstable sur-
face, such as a foam platform, in broad spaces, 
heights, crowded places, or in eyes closed condi-
tions). Impaired visual inputs enhance sensory 
confl ict and may lead to adulterated propriocep-
tive information and balance impairment which 
in turn may elicit panic symptoms. There is evi-
dence that in patients with PD, anxiety and dis-
comfort may arise when visual information is 
inaccurate as a result of hyperexcitability of the 
locus coeruleus and the vestibular brain nuclei, 
which would result in higher  postural instability   
[ 109 ,  111 ]. Our group found that patients with 
PD and agoraphobia manifest postural instability 
during peripheral visual stimulation whereas 
controls did not. Conversely, the two groups 
showed similar patterns of postural instability 
during central visual stimulation [ 104 ]. Hence we 
concluded that patients with PD, especially those 
with comorbid agoraphobia, might be hypersen-
sitive to the infl uence of peripheral visual system 
on balance. Such  higher sensitivity   is perhaps 
linked to a more active visual alarm system that 
scans the environment for possible threats. 
Connections between visual, vestibular and lim-
bic areas may increase postural sway when the 
visual environment is changing in an uncertain 
way, such as during motion in the peripheral 
visual  fi eld   [ 131 ]. Indeed, the relationship 
between state anxiety and  postural instability   
during peripheral stimulation supports the idea 
that these situations  are   emotionally relevant for 
patients with PD. Such  hypersensitivity   might be 
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specifi c of PD and arise from multiple sources. It 
might be an idiosyncratic perceptual habit that, in 
concert with PAs, might lead to consequent  ago-
raphobia  . Alternatively, it might follow PD and 
agoraphobia, which would act as “disrupting” 
 factors   on balance control systems by vestibular 
brainstem-limbic connections. Also,  panic- 
phobic conditions   might involve activation of 
complex alarm systems including interoceptive 
conditioning processes linked to destabilizing 
visual stimuli and operant learning processes 
related to the avoidance of visual experiences and 
provoking discomfort in everyday  life      [ 8 ]. 

       In conclusion, even though patients with PD 
report normal baseline sway, they seem unable to 
effectively counterbalance somatosensory and/or 
vestibular information during irrelevant visual 
stimuli and increase  postural sway   more than 
control subjects when exposed to visual sensory 
confl ict. Such increase is unlikely to result from 
general destabilization, given that they tend to 
sway synchronously with the optic stimulus 
[ 132 ]. Patients may sway excessively also when 
standing on a fi xed platform with a static visual 
scene, and this suggests generalized balance 
abnormality rather than a problem limited to sen-
sory integration in situations involving sensory 
confl ict. Alternatively, it might be that these indi-
viduals are less capable of ignoring the  misleading 
visual information (i.e., they depend more on 
visual cues). This increased reliance on vision 
may be refl ected in complaints of disequilibrium 
in complex moving visual environments. Whether 
such visual dependence hinges on trait- or state-
like enhanced vigilance needs to be determined. 

       Many complications emerge when examining 
patients with  vestibular dysfunctions and comor-
bid psychiatric disorders   [ 133 ]. Multidisciplinary 
evaluation of these patients is warranted, unfortu-
nately psychiatrists usually do not refer patients 
with PD for otoneurologic evaluations as they 
refer them to cardiologic evaluations for symp-
toms like palpitations. On the other hand, it is 
also rare that vestibular specialists refer patients 
to a psychiatrist to exclude the diagnosis of PD, 
which may be present in addition to the organic 
vestibular disease. Exploratory research indicates 
that adequate treatment of vestibular abnormali-

ties in patients suffering from PD is possible. 
Jacob et al. [ 134 ] claimed that 8–12 weeks of 
vestibular rehabilitation alone was suffi cient to 
reduce anxiety and avoidance in patients suffer-
ing from PD and from vestibular abnormalities 
and that 4 weeks of cognitive-behavioral therapy 
produced little benefi t prior  to   vestibular rehabili-
tation. Teggi et al. [ 110 ] found that early vestibu-
lar rehabilitation had even greater benefi cial 
effects on anxiety than on the balance function. 

        Pharmacotherapy   is another viable treatment 
option. Mezzasalma et al. [ 108 ] evaluated the 
effi cacy and effectiveness of imipramine on the 
treatment of comorbid chronic dizziness and PD 
in nine patients with a diagnosis of PD with ago-
raphobia. The authors found peripheral vestibu-
lar alteration in about one third of patients with 
PD and agoraphobia with chronic dizziness. 
After a 3-month treatment with imipramine, 
patients exhibited a signifi cant decrease in anxi-
ety, dizziness, quality of life, and PD severity. 
Preliminary results indicate reduced anxious 
symptoms and impairment due to dizziness after 
12 weeks of fl uoxetine treatment in patients with 
vestibular dysfunction (e.g. dizziness that 
included vertigo, motion sickness, nausea, and 
anxiety) without anxiety disorders [ 135 ]. Our 
team assessed posturography in a small group of 
patients with PD and agoraphobia who were par-
tial responders to pharmacotherapy and 
cognitive- behavioral therapy, before and after 10 
weeks of vestibular rehabilitation treatment con-
sisting of stimulation of the peripheral visual 
fi eld in concomitance with a series of head/body 
movement patients had to perform.    Following 
the vestibular rehabilitation patients exhibited 
improved balance performance as well as dimin-
ished agoraphobic symptoms (unpublished 
study). In light of this, it is central that both 
patients and clinicians acknowledge that  PD   and 
vestibular anomalies can occur separately or in 
comorbidity. Clinicians should be advised to 
 conduct   exhaustive medical investigation in 
order to convey the most accurate diagnosis to 
their patients, to inform them about the causes of 
their symptoms, and about the  treatment options  , 
which encompasses specifi c rehabilitation proto-
cols addressed to re-establish proper functioning 
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of the vestibular system and decrease anxiety- 
and dizziness-related symptomatology, as well 
as SSRIs, TCAs, and CBT.         

4.5         Photosensitivity   and PD 

 Photosensitivity (i.e. an abnormally high sensi-
tivity to light exposure) seems to contribute both 
to the etiopathogenesis of and response to ther-
apy in PD [ 136 ]. Indeed patients with PD have a 
lowered threshold of tolerance to light and 
develop the tendency to adopt photophobic 
behavior when compared to healthy controls (e.g. 
to protect themselves from light by wearing sun-
glasses and/or by avoiding to go out during day-
time) [ 137 ]. Indeed they score signifi cantly 
higher on photophobia (light avoidance) and sig-
nifi cantly lower on photophilia (light pursuit) 
symptoms, as measured by the  Photosensitivity 
Assessment Questionnaire (PAQ)  . Interestingly, 
photosensitivity seems not to be linked to the 
mere presence of a diagnosed PD, in fact it cor-
related with the panic-agoraphobic spectrum, 
regardless of diagnosis, within both clinical and 
healthy populations. These results suggest that 
photosensitivity may belong to the core of PD, 
regardless of the presence of current active 
 symptomatology. More precisely, photophobia 
may be integrated in the panic-agoraphobic spec-
trum, as it seems to run in parallel to other panic 
spectrum dimensions [ 138 ]. Photophobia has 
been associated with agoraphobia as well. Light 
frequently elicits anxious/panic symptoms also in 
these patients [ 139 ]. 

        Light sensitivity   may be correlated with sub-
clinical autonomic system dysfunctions in 
patients with PD. Research indicates anatomical 
links between the amygdala, which exerts a key 
role in anxiety, and the Edinger-Westphal 
nucleus, a midbrain center that controls pupil 
movement, lens accommodation, and eyes con-
vergence [ 140 ]. The specifi c associations 
between light exposure and the neurotransmitters 
involved in PD are largely uninvestigated. For 
instance, it might be interesting to explore to 
which extent serotonin or melatonin (both of 
which have been involved in PD) synthesis is 

activated or deactivated by light. Finally, whether 
photosensitivity is a  state  characteristic second-
ary to the active disease or a  trait  predisposing to 
the full-blown disorder is currently debated 
although research tends to favor the former 
hypothesis on the basis that photophobia in PD 
renormalized after cognitive behavior  therapy   
   treatment [ 141 ].  

4.6     Conclusions and Clinical 
Implications 

 Patients with PD often complain of  somatic 
symptoms   such as abnormalities in the  cardiore-
spiratory and vestibular systems     . They exhibit 
poorer physical fi tness [ 103 ,  104 ], higher respira-
tory variability during mild physical activity, 
higher respiratory dysfunctions/breathing pat-
terns irregularities, when compared with subjects 
without PD [ 14 ,  24 ,  33 ]. Even unexpected PAs 
have been associated with signifi cant  autonomic 
and respiratory instability   that largely preceded 
panic onset [ 20 ]. Patients often manifest a less 
effi cient cardiovascular system [ 101 ] and higher 
cardiovascular risk [ 142 ]. Finally subclinical 
abnormalities in the balance system, as well as 
higher photosensitivity, are also common [ 33 , 
 111 ,  138 ]. 

 Taken together these fi ndings partly contradict 
the assumption that PAs are just false alarms. PAs 
may be  real alarms   and refl ect reduced adaptabil-
ity to changes, and true homeostatic instability, 
which may sustain the experience of  anticipatory 
anxiety   and phobic avoidance and increase vul-
nerability to panic. For these reasons we feel con-
fi dent to state that patients with PD are 
physiologically different from healthy subjects 
and that cardiac, respiratory, and balance symp-
toms may be the outcome of the inability of these 
systems to relate with the environment. 

 In addition mounting evidence suggests that 
antipanic medications are not merely psychotro-
pic medications. For instance, the selective sero-
tonin re-uptake inhibitors ( SSRIs)     , which are 
considered the fi rst choice drug treatment of PD, 
also act on the respiratory, cardiovascular and 
balance systems. Asymptomatic patients with PD 
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(with and without agoraphobia) with no pulmo-
nary diseases exhibited improved lung function 
following administration of antipanic drugs (i.e. 
paroxetine, imipramine, and clonazepam) when 
compared to those in the washout period [ 143 ]. 
These results indicate that anti-panic drugs ame-
liorate pulmonary function in this population. 

 In line with these fi ndings, Perna et al. [ 31 ] 
found that patients with PD manifested abnormal 
values for many dynamic lung volumes (i.e. peak 
expiratory fl ow rate, expiratory fl ow at 75 % of 
vital capacity, and maximum mid-expiratory fl ow 
rate) when compared to a group of healthy con-
trols. The authors believe that such functional 
abnormalities indicate subclinical obstruction of 
lung airways, which are perhaps relevant to the 
mechanisms related to PD. 

 In rats a signifi cant increase in  baseline respi-
ratory rate   was found after 5 and 15 weeks of 
treatment with paroxetine. In particular following 
15 weeks of treatment the rats exhibited reduced 
respiratory rate in response to CO 2  exposure. 
These results indicate that the regulation of respi-
ration may be an important factor for the parox-
etine antipanic effect [ 144 ]. Lungs are the main 
reservoir of the serotonin transporter, which is the 
main target of the SSRIs, and this may explain the 
favourable effect of the  SSRIs   on respiratory 
irregularities as well as in pulmonary arterial 
hypertension.  Paroxetine treatment   at 20 mg/day 
for 4 weeks increased heart rate variability and 
total parasympathetic activity and decreased total 
sympathetic activity in patients with PD [ 145 ]. 
These results indicate that paroxetine (and argu-
ably SSRIs in general) may protect against or 
even decrease cardiovascular morbidity and mor-
tality in patients with PD. Finally, we investigated 
the effects of a 6-week treatment with citalopram 
on the  balance system   function in 15 patients with 
PD, with or without agoraphobia, who underwent 
static posturography on days 0 and 42. After 6 
weeks of treatment with citalopram there was a 
signifi cant decrease of four out of six posturogra-
phy measures in eyes-closed and neck extension 
conditions [ 146 ]. This study suggests that seroto-
nergic modulation can improve the  balance sys-
tem   function in patients with PD, especially when 
visual information is lacking. 

 We believe  SSRIs   might exert their anti-panic 
effect also by reducing homeostatic dysfunctions 
in patients with PD. Besides  cognitive-behavior 
psychotherapy  , other  non-pharmacologic treat-
ments  , such as breathing therapies, and physical 
exercise, can help to normalize homeostatic dys-
functions in PD. Indeed breathing therapies [ 147 ] 
and aerobic physical exercise reduce panic symp-
toms, therefore they might represent valid adjunc-
tive treatment options for PD [ 148 ]. In addition, 
preliminary data suggest that vestibular rehabili-
tation might also be benefi cial for patients with 
PD (especially in those with comorbid agorapho-
bia). Although we cannot exclude that these 
somatic treatments act by increasing the per-
ceived sense of control in patients with PD, they 
might improve panic symptoms also via their 
positive effect on the homeostatic body func-
tions. A recent meta-analysis indicated that com-
bining exposure, relaxation training, and 
breathing retraining is more effi cacious than cog-
nitive therapy alone, suggesting that somatic 
interventions are more effective than the mental 
ones [ 149 ]. Taken together, these fi ndings rein-
force the assumption that PAs may represent  real 
alarms  . Homeostatic dysfunctions may represent 
a candidate endophenotype of panic vulnerability 
and underlie maintenance of defensive active 
mechanisms such as  anticipatory anxiety   and 
 phobic avoidance  . Many patients complain of 
somatic and cognitive symptoms even when not 
experiencing a PA. Therefore, treatment should 
focus not only on reducing PAs occurrence but 
also aim at reaching a thorough state of physical 
well being.  Anti-panic drugs posology   might be 
adjusted until a full sensation of physical wellbe-
ing is reached.  Physical exercise   could also be 
recommended as an additional intervention to 
potentiate cardiovascular fi tness. We believe 
diagnosis and treatment of patients with PD must 
be approached with a multidisciplinary evalua-
tion, and therefore all treatment options must be 
considered. Since cardiorespiratory and vestibu-
lar symptoms can aggravate psychiatric symp-
toms and psychiatric disorders can complicate 
even further the evaluation of patients with 
somatic complaints, every therapeutic option 
available must be carefully considered. Hopefully 
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in the future PD treatment will involve interven-
tions that address not only the core symptoms but 
also focus on harmonizing respiration and bal-
ance, and increase heart rate variability. Regaining 
physical wellbeing will help patients overcoming 
anticipatory anxiety and agoraphobia more rap-
idly and effectively. In conclusion, the assump-
tion that PD is merely a mental disorder seems 
unsatisfactory. We believe PD should be inte-
grated in a broader vision that acknowledges a 
central role to the homeostatic systems in the 
 etiopathogenesis   of the disorder. Actually the 
somatic complains of our patients might refl ect 
real bodily dysfunctions. In the future we are 
convinced that patients with PD may benefi t from 
multidisciplinary evaluation, therefore it is cru-
cial that mental health professionals, vestibular 
specialists, cardiac specialists, and lung special-
ists mutually exchange information in order to 
assess the contingent co-occurrence of PD and its 
related somatic diseases. This will allow a better 
diagnosis and lay the foundation for more ade-
quate treatment options that may encompass 
pharmacological, psychological and somatic 
treatments, and physical exercise, in a joint effort 
to decrease panic symptomatology on the one 
hand and to re-establish proper functioning of the 
homeostatic systems, on the other hand. We trust 
this approach will favor not only remission but 
recovery (which encompasses both symptoms 
remission and more functional aspects of the 
patients’ wellbeing, such as social functionality 
and quality of life), and avoid relapse in the 
future.     
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     Abstract  

  The staging model of panic includes the fol-
lowing stages. Stage 1 in which subclinical 
symptoms of agoraphobia or social phobia or 
generalized anxiety disorder or hypochondria-
sis are present. Stage 2 characterized by the 
acute manifestations of agoraphobia or social 
phobia or generalized anxiety disorder or 
hypochondriasis. Panic Dis order (PD) with 
worsening of anxiety and  hypochondriacal 
symptoms characterizes stage 3 together with 
demoralization or major depression. Chronic 
PD and agoraphobia or social  phobia or gen-
eralized anxiety disorder or hypo chondriasis 
together with increased liability to major 
depression may occur at stage 4. This staging 
model is applicable in clinical practice. In a 
substantial proportion of patients with PD a 
prodromal phase and, despite successful treat-
ment, residual symptoms can be identifi ed. 
Both prodromes and residual symptoms allow 
to monitor the evolution of the disorder during 
recovery via the rollback phenomenon. The 
different stages of PD and the steps of the roll-
back have a correspondence in its neurobiol-
ogy and in its  treatment. The translation of 
staging in the neurobiology of panic identifi es 
different phases in the development of PD 
which involve the amygdala, the hippocam-
pus, and the medial/orbital prefrontal cortex. 
The treatment implications, although still too 
disregarded, emphasize the importance to 
consider residual symptoms as the fi nal target 
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of the therapy. In addition, psychotherapy 
(mainly cognitive-behavioral therapy) has 
shown good effectiveness while sequential or 
stage- oriented treatments have shown promis-
ing results.  

  Keywords  

  Staging   •   Stage   •   Panic   •   Panic disorder   • 
  Neurobiology   •   Treatment  

5.1       Introduction 

 Current emphasis in psychiatry is on cross- 
sectional assessment of symptoms resulting in 
diagnostic criteria and on comorbidity. The use of 
diagnostic criteria is derived from the traditional 
method of clinical medicine, in which they pro-
vide operating specifi cations for making a clinical 
decision about the existence of a particular disease 
[ 1 ]. However, clinicians usually evaluate, in their 
daily practice, also issues that do not simply apply 
to the severity of the disorder, such as its longitu-
dinal development; social support and adaptation; 
the resilience and reaction to previous confl icts, 
threats, or losses; the motivation and compliance 
with the treatment; the pre- morbid personality and 
potential abnormal personality traits. 

 Over the time, a clinical reasoning which 
goes through a series of “ transfer stations  ” [ 2 ], 
where potential connections between presenting 
symptoms and pathophysiological processes are 
drawn and which are amenable to longitudinal 
verifi cation and modifi cation as long as thera-
peutic goals are achieved [ 3 ], has been proposed. 
Notwithstanding this, a lack of attention to the 
longitudinal development of the disorders has 
been maintained and has apparently deprived the 
clinical process of a number of important “ trans-
fer stations  ”. 

 The creator of this innovative and emerging 
staging approach for assessment was Feinstein 
who introduced in 1987 the term “ clinimetrics  ” [ 1 ]. 
Clinimetrics indicates a domain concerned with 
indices, rating scales, and other expressions that 
are used to describe or measure symptoms, phys-
ical signs, and other distinctly clinical phenom-
ena in medicine. Further, it provides a home for a 
number of clinical phenomena which do not fi nd 

room in customary clinical taxonomy, such as 
types, severity, and sequence of symptoms; rate 
of progression in illness (staging); severity of 
comorbidity; problems of functional capacity; 
reasons for medical decision; and other aspects 
of daily life, such as well-being, distress, and 
mental pain [ 1 ,  4 – 6 ]. In recent years, there have 
been several exemplifi cations of this approach in 
research on mood and anxiety disorders, reviewed 
by Fava et al. [ 7 ]. 

 Although current diagnostic entities (e.g., the 
Diagnostic and Statistical Manual of Mental 
Disorders – DSM) are based on  clinimetric prin-
ciples  , their use is still strongly infl uenced by 
psychometric models [ 3 ,  8 ]. This means that the 
severity of each disorder is determined by the 
number of symptoms and not by their intensity or 
quality, to the same extent that a score in a self- 
rating scale depends on the number of symptoms 
that are scored as positive [ 8 ]. As a consequence, 
the preferential target of therapy tends to become 
the syndrome resulting from a certain number of 
symptoms (which may be of mild intensity and 
of doubtful impact on quality of life), instead of 
individual symptoms that may be incapacitating 
for the patient [ 3 ]. Moreover, clinicians may fi nd 
some diffi culties in formulating a treatment plan 
for people who, for instance, do not reach the 
known diagnostic threshold. It might be some-
times diffi cult to disentangle whether the symp-
toms the patient is complaining about should be 
addressed for treatment or whether the conditions 
need to be addressed in an integrated way, and if 
so, by which professional fi gures.  

5.2     The Staging Model of Panic 
Disorder 

 In 1993, Fava and Kellner [ 9 ] proposed to use in 
psychiatry a staging method that allows  charac-
terizing   a disorder according to seriousness, 
extension, features, and longitudinal develop-
ment following standardized and well-defi ned 
models. They published a seminal paper suggest-
ing a staging model for  schizophrenia  ,  mood  ,  and 
  panic disorder (PD). The core concept was that 
these  psychiatric disorders   develop according to 
main stages. The fi rst stage usually involves the 
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presence of  predisposing factors         (e.g., genetic 
vulnerabilities, pre-morbid personality, lack of 
psychological well-being); the second stage is 
characterized by the  acute symptoms;      the third 
includes the  residual symptoms;      the fourth 
implies  sub-chronic symptoms;      and the fi fth 
stage, when present, is characterized by the 
 chronic illness      [ 9 ]. 

 Regarding PD, Fava and Kellner [ 9 ]  described   
a staging model, suggesting that, in a substantial 
proportion of patients, anxiety sensitivity, health 
anxiety, harm avoidance and dependence are the 
 prodromes      of the disorder (stage 1). In the same 
 staging   model agoraphobia precedes the fi rst 
 panic attack   (stage 2), and  acute manifestations      
of panic disorder, worsened by agoraphobia, 
hypochondriacal fears and beliefs (stage 3), can 
be followed by a stage 4 characterized by the 
 chronic manifestations   of PD and increased lia-
bility to major depression (see Table  5.1 ).

   This four-stage model was consistent with 
symptomatic patterns of improvement upon 
behavioral treatment of panic disorder as well as 
with the rollback phenomenon upon drug treat-
ment. However, since, at least in some patients, the 
fi rst  panic attack   apparently occurred without con-
spicuous prodromal symptoms, while anticipatory 
anxiety, phobic avoidance and hypochondriasis 
may develop subsequently, Sheehan and Sheehan 
[ 10 ] outlined a different staging process: stage 1 
( subpanic)      characterized by panic attacks with lim-
ited symptoms; stage 2 ( panic)     ; stage 3 ( hypochon-
driasis)     ; stage 4 ( single phobia     , that is the setting in 
which panic occurs); stage 5 ( social phobia)     ; stage 
6 ( agoraphobia)     ; stage 7 ( depression)     . 

 Over the time, the staging model of panic has 
been updated [ 11 ,  12 ]. According to the most 
recent revision [ 12 ],  prodromal phase   (stage 1) 
may include subclinical  symptoms   of agorapho-
bia and/or social phobia and/or generalized anx-
iety disorder and/or hypochondriasis; stage 2  is 
  characterized by the  acute manifestations   of 
agoraphobia and/or social phobia and/or gener-
alized anxiety disorder and/or hypochondriasis; 
 PD with worsening of anxiety and hypochon-
driacal symptoms   characterizes stage 3 together 
with demoralization and/or major  depression;      
 chronic   PD and agoraphobia and/or social pho-
bia and/or generalized anxiety disorder and/or 
hypochondriasis together with increased liabil-
ity to major depression may occur at stage 4 (see 
Table  5.2 ).

   This staging model includes  agoraphobia  , 
social anxiety, generalized anxiety, hypochon-
driasis in stages 1, 2, and 4 suggesting to consider 
agoraphobia, social anxiety, generalized anxiety, 
or hypochondriasis as a stage of development of 
PD. Thus, PD seems to become an aspecifi c clini-
cal manifestation in the frame of other anxiety 
disorders. A confi rmation of such view comes 
from Kessler et al. [ 13 ] who found that isolated 
panic attacks are quite common and signifi cantly 
comorbid with other DSM-IV disorders [ 14 ]. 

 A growing literature has supported  the   exis-
tence of the above mentioned clinical stages in 
the longitudinal development of panic. 

   Table 5.1    Stages of panic disorder  with agoraphobia   
according to Fava and Kellner [ 9 ]   

 Stages 

 1  Prodromal or predisposing: anxiety 
sensitivity, health anxiety, harm avoidance 
and dependence 

 2  Agoraphobia of mild or moderate severity 
(DSM IIIR) (APA, 1987) 

 3  Panic disorder, acute phase (DSM IIIR) 
(APA, 1987). Worsening of agoraphobia, 
anxiety and hypochondriacal fears and beliefs 

 4  Panic disorder, chronic phase (longer than 
6 months). Increased liability to major 
depression 

   Table 5.2    Staging of panic disorder according to Cosci 
and Fava [ 12 ]   

 Stages 

 1  Prodromal phase: subclinical symptoms of 
agoraphobia and/or social phobia and/or 
generalized anxiety disorder and/or 
hypochondriasis 

 2  Acute manifestations of agoraphobia and/or 
social phobia and/or generalized anxiety 
disorder and/or hypochondriasis 

 3  Panic disorder with worsening of anxiety and 
hypochondriacal symptoms. Demoralization 
and/or major depression may occur 

 4  Chronic panic disorder and agoraphobia and/
or social phobia and/or generalized anxiety 
disorder and/or hypochondriasis (in attenuated 
or persistent form). Increased liability to 
major depression 
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 Roy-Byrne and Cowley [ 15 ] observed that, 
despite the availability of effective  anti-panic 
treatments  , PD remains a chronic illness and the 
presence of agoraphobia, major depression, and 
personality disorder predict a poor outcome. In 
the general population of the Epidemiologic 
Catchment Area study, the prodromal period was 
about 10–15 years long. Panic attacks occurring 
in the year before the fi rst interview and the 
 perception that one is a “nervous person” were 
strong predictors of the onset of PD [ 16 ]. 
According to Keller and colleagues [ 17 ], the 
probability of having a  panic-free interval   by 
12 months was 0.68 for subjects with PD and 
0.55 for those with PD with agoraphobia [ 17 ]. 
O’Rourke et al. [ 18 ] almost confi rmed these 
results observing that at 12 month follow-up, 23 
(33.8 %) PD patients had recovered and remained 
well, 12 reported relapses and remissions, 19 
were still improved short of full recovery, and 14 
had persistent PD. The strongest predictor of sus-
tained recovery was good clinical status between 
6 and 12 months from baseline, while personality 
dysfunction was the most important  characteris-
tic   of patients with persistent PD. Over a 15–60 
month period of follow up, Cowley et al. [ 19 ] 
found that only 10 % of the PD patients were 
asymptomatic; the strongest predictors of overall 
improvement were avoidance coping for out-
come at 12 months and Axis I  comorbidity   for 
outcome at the time of the follow-up evaluation. 
Finally, 23 % of 132 PD with agoraphobia 
patients treated with behavioral methods based 
on exposure homework and followed for a 
median period of 8 years had a relapse. The esti-
mated cumulative percentage of patients remain-
ing in remission was: 93.1 for at least 2 years, 
82.4 after 5 years, 78.8 after 7 years, and 62.1 
after 10 years. The presence of a personality dis-
order and the pretreatment  level   of depressed 
mood indicated a worse prognosis while patients 
who completely overcame agoraphobic avoid-
ance had a better outcome. Two additional risk 
factors involved the use of  psychotropic drugs:      
those who were still taking benzodiazepines at 
the end of exposure therapy had a less favorable 
outcome than those who were drug free; and 

patients under antidepressant treatment before 
starting the behavioral therapy had a worse out-
come than those antidepressant-free [ 20 ].  

5.3      Subclinical Symptoms   

  Prodromes   can be identifi ed with the early symp-
toms and signs of a disease. The prodromal phase 
connotes a time interval between the onset of 
prodromal symptoms and the onset of the charac-
teristic manifestations of the fully developed ill-
ness.  Residual symptoms   have been identifi ed 
with the persistent symptoms and signs despite 
apparent remission or recovery. Of course, in any 
chronic and recurring medical illness, subclinical 
fl uctuations, either in terms of symptomatology 
and laboratory markers, may occur [ 21 ]. 

    Detre and Jarecki [ 22 ] provided a model for 
relating  prodromal and residual symptomatology   
in psychiatric illness: the “rollback phenome-
non”. According to this phenomenon, as the ill-
ness remits, it progressively recapitulates even 
though in a reverse order many of the stages and 
symptoms that were seen during the time it devel-
oped [ 21 ]. According to the rollback model, there 
is also a temporal relationship between the time 
of development of a disorder and the duration of 
the phase of recovery. Moreover, there appears to 
be a relationship between  residual and prodromal 
symptomatology   since certain prodromal symp-
toms may persist and progress to become pro-
dromes of relapse. 

 Fava et al. reviewed the literature on several 
psychiatric disorders and, among them PD [ 21 , 
 23 ,  24 ], paving the way for the characterization 
of the phenomenological development of these 
illnesses [ 25 ] and the application of sequential 
treatment [ 3 ]. 

    Regarding PD with  agoraphobia  , Fava and 
Mangelli [ 24 ] illustrated prodromes starting from 
the Klein’s model [ 26 ] who observed that when 
patients are suddenly struck by the fi rst panic 
attack, they develop persistent anticipatory anxi-
ety and hypochondriacal fears, leading to avoid-
ant behaviour and agoraphobia. This view has 
been supported over time [ 27 ,  28 ]. However, also 
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different sequences of events have been observed. 
Wittchen et al. [ 28 ] pointed out that 45.1 % of 
individuals at risk with PD and 76.5 % of those at 
risk for panic attacks did not develop agorapho-
bia (AG). Faravelli et al. [ 29 ] re-interviewed 41 
subjects with a lifetime history  of   AG 4 years 
after the fi rst evaluation and found that 12 cases 
had the original diagnosis of agoraphobia with-
out a history of panic attacks, 29 had PD with 
agoraphobia, 2 no longer met the criterion for 
agoraphobia turning into social phobia or into 
specifi c  phobia  . In 2010, Wittchen et al. [ 30 ] con-
fi rmed that there is no empirical evidence which 
unequivocally demonstrates that agoraphobia is 
temporally primarily and exclusively a function 
of panic attack (PA) or panic-like features. 
According to this body of scientifi c evidences, 
the DSM 5 [ 31 ] introduced agoraphobia as a 
 clinically signifi cant disorder that exists indepen-
dently from panic. 

    Some authors also found generalized anxiety 
to be prodromal of panic [ 27 ]; others observed 
that agoraphobic avoidance, generalized anxiety, 
hypochondriacal fears and beliefs occur before 
the fi rst panic attack [ 32 – 34 ]; further works 
showed that some patients have prodromal 
depression, anxiety, or avoidance [ 35 ,  36 ]. 

 Since 1990s, PD has been recognized as a 
 chronic illness   with little spontaneous improve-
ment, high rates of relapse after remission, and 
longer episodes when agoraphobia is a part of the 
constellation of symptoms [ 17 ]. Thus,  residual 
symptoms   have been found extremely common 
and encompassing phobic and anxiety distur-
bances, social impairment, and dependence. 

    An interesting brief report by Fava et al. [ 37 ] 
assessed psychological well-being and  residual 
symptoms   in a sample of 30 patients who had 
recovered from PD with agoraphobia and 30 con-
trols. Remitted patients displayed signifi cantly 
more psychological distress (i.e., anxiety, depres-
sion, somatic symptoms) than controls; the most 
common residual symptoms were generalized 
anxiety, somatic anxiety, low self-esteem, agora-
phobia, and hypochondriasis. Patients with PD 
also showed less psychological and physical 
well-being than controls. On the other hand, 
Corominas et al. [ 38 ] evaluated a clinical sample 

of 64 PD outpatients comparing those who 
 developed residual symptoms at 1-year of fol-
low-up with those who did not. Surprisingly, the 
two groups did not differ in terms of achieved 
improvement measured via the frequency of 
panic attacks, the degree of avoidant behavior, 
the depressive symptoms, or the anxious symp-
toms. Those who developed  residual symptoms   
had higher rates in history of anxious disorders in 
childhood, pretreatment panic attacks, presence 
of depersonalization and derealization symptoms 
during the panic attacks, comorbidity (particu-
larly with simple phobia) than those who did not 
develop residual symptoms. In addition, the like-
lihood of developing  residual symptoms   was 
higher in patients who reported dyspnea as the 
main symptom during panic attacks. 

    In a study conducted by Marchesi et al. [ 39 ], 
65 PD patients were followed over 12 months 
and randomly treated with paroxetine or  citalo-
pram  . A complete remission was achieved 
by only 47.6 % of the subjects, whereas in the 
remaining patients, that is those who did not 
reach a complete remission, limited symptom of 
panic attacks, anticipatory anxiety, phobic avoid-
ance, and depression were present at the end of 
the study. 

 Several studies have addressed the issue of 
the sequence of improvement of symptoms in 
patients with PD upon behavioral [ 40 – 43 ] or 
pharmacological [ 44 – 47 ]  treatment  . A seminal 
paper was proposed by Fava et al. in 1991 [ 40 ] in 
which they specifi cally investigated the rollback 
phenomenon in 25 PD patients who received 12 
sessions of in vivo exposure. After the fi rst six 
sessions, agoraphobia was signifi cantly improved 
while 12 sessions of treatment yielded the disap-
pearance of panic attacks and a further reduction 
of agoraphobic avoidance. The phenomenologi-
cal sequence observed retrospectively for the 
prodromal symptoms of PD was: phobic avoid-
ance and hypochondriasis which leaded to panic 
and, thereafter, to more phobic avoidance and 
hypochondriasis. On the other hand, the rollback 
phenomenon observed was: a decrease in avoid-
ance by exposure which seemed to improve 
 agoraphobia and panic, with eventual disappear-
ance of panic in majority of patients, whereas 
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agoraphobia persisted at least to a lesser degree. 
Prodromal symptoms of PD with agoraphobia 
thus tend to become residual symptoms, which, 
in turn, may progress to prodromal symptoms of 
relapse. 

    Other authors also found interesting results. 
Bouchard et al. [ 48 ] observed that cognitive 
changes precede changes in the level of panic 
apprehension both when treated with cognitive 
restructuring or exposure. Hoffart et al. [ 43 ] 
administered an integrated cognitive and behav-
ioral model of agoraphobic avoidance to patients 
with PD and agoraphobia and found a feedback 
loop of effects during treatment: the anxiety elic-
ited by bodily sensations infl uenced catastrophic 
beliefs and such beliefs infl uenced avoidant 
behavior. A reduction of avoidance, in turn, 
decreased a fear of bodily sensations. Thus, 
avoidant behavior seems to be maintained by 
cognitive appraisal, while avoidance maintained 
anxiety conditioned to bodily sensations. 

    The role of subclinical symptoms has been 
further increased by the development of the 
Diagnostic Criteria for Psychosomatic Research 
( DCPR  )    [ 49 ,  50 ]. Fava and Wise [ 51 ] suggested 
to modify the  DSM-IV category   [ 14 ] concerned 
with psychological factors affecting medical con-
ditions into an expanded category of psychologi-
cal factors affecting either identifi ed or feared 
medical conditions. They proposed a new section 
with 6 most  frequent    DCPR   syndromes. Among 
them, the  DCPR   health anxiety, disease phobia, 
persistent somatization, demoralization, and 
 irritable mood offer interesting specifi ers for 
 subclinical symptoms. For instance, health anxi-
ety, that encompasses nonspecifi c dimensions of 
abnormal illness and somatic amplifi cation that 
readily respond to appropriate reassurance, may 
be the prodromal or the residual symptom of 
PD. Fava et al. [ 52 ] found a signifi cant associa-
tion between PD  and    DCPR   syndromes of health 
anxiety, disease phobia, patterns of somatization, 
and irritable mood. 

    Unfortunately, the DSM 5 [ 31 ] did not agree to 
this proposal although  DCPR   are extremely 
important, being good predictors of impaired psy-
chosocial functioning in medically ill people [ 53 ], 

and having high sensitive instruments in detecting 
sub-threshold psychological distress as well as 
sub-threshold psychiatric comorbidity [ 54 ].  

5.4      Psychological Development   
of Panic and Neurobiology 

 A longitudinal view of PD, encompassing pro-
dromal and residual symptoms, can fi nd interest-
ing links to the neurobiology of panic. 

    In 1989, Gorman et al. [ 55 ] articulated a  neu-
roanatomical hypothesis   of PD positing that a 
panic attack stems from loci in the brainstem that 
involve serotonergic and noradrenergic transmis-
sion and respiratory control, that anticipatory 
anxiety arises after the kindling of limbic area 
structures, and that phobic avoidance is a func-
tion of pre-cortical activation. The hypothesis 
asserted that medication exerts its therapeutic 
effect by normalizing brainstem activity in 
patients with panic disorder, whereas cognitive 
behavioural therapy works at the cortical level. 
However, this original idea has been surpassed 
because it was almost completely divorced from 
research that has mapped out the neuroanatomi-
cal basis for fear. For this reason, Gorman et al. in 
2000 [ 56 ] proposed a revised  neuroanatomical 
hypothesis   of PD. According to this model, the 
sensory input for the conditioned stimulus runs 
through the anterior thalamus to the lateral 
nucleus of the amygdala and is then transferred to 
the central nucleus of the  amygdala   which stands 
as the central point for dissemination of informa-
tion that coordinates autonomic and behavioural 
responses. Efferents of the central nucleus of the 
amygdala have many targets: the parabrachial 
nucleus, producing an increase in respiratory 
rate; the lateral nucleus of the hypothalamus, 
activating the sympathetic nervous system and 
causing autonomic arousal and sympathetic 
 discharge; the locus coeruleus, resulting in an 
increase in norepinephrine release and contribut-
ing to increase blood pressure, heart rate, and the 
behavioral fear response; and the paraventricular 
nucleus of the hypothalamus, causing an increase 
in the release of adrenocorticoids. A projection 
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from  the   central nucleus of the amygdala to the 
periaqueductal gray region would be responsible 
for additional behavioural responses, including 
phobic avoidance. There are also important 
reciprocal connections between the amygdala 
and the sensory thalamus, prefrontal cortex, 
insula, and primary somatosensory cortex. 
Although the amygdala receives direct sensory 
input from brainstem structures and the sensory 
 thalamus   enabling a rapid response to potentially 
threatening stimuli, it also receives afferents 
from cortical regions involved in the processing 
and evaluation of sensory information. Poten-
tially, a neurocognitive defi cit in these cortical 
processing pathways could result in the misinter-
pretation of sensory information known to be a 
hallmark  of   panic disorder, leading to an inap-
propriate activation of the “fear network” via 
misguided excitatory input to the amygdala. It is 
thus conceivable that the misinterpretation of 
sensory information, which in clinical practice 
can be represented by prodromal health anxiety/
hypochondriacal beliefs and fear, may kindle the 
fear network inducing a panic attack. 

    In this framework, Gorman et al. [ 56 ] also 
hypothesised the possible neurobiological mech-
anisms of Selective Serotonin Reuptake Inhi-
bitors ( SSRIs)      as leading pharmacological 
treatment of PD. They observed that serotonergic 
neurons originate in the brainstem raphe region 
and project widely throughout the entire central 
nervous system. Three of these projections are of 
particular relevance to an understanding of the 
SSRI antipanic effect.       First, the projection of 
 serotonin (5-HT) neurons   to the locus coeruleus 
is generally inhibitory, such that the greater the 
activity of the serotonergic neurons in the raphe, 
the smaller the activity of the noradrenergic neu-
rons in the locus coeruleus.       This suggests that 
SSRIs, by increasing serotonergic activity in the 
brain, have a secondary effect of decreasing nor-
adrenergic activity leading to a decrease in many 
of the cardiovascular symptoms associated with 
panic attacks, including tachycardia and increased 
diastolic blood pressure. Second, the projection 
of the  raphe neurons   to the periaqueductal gray 
region appears to modify defense/escape behav-
iors. Thus, the  serotonergic projections   from the 

dorsal raphe nuclei play a role in modifying 
defense/escape responses by means of their 
inhibitory infl uence on the periaqueductal gray 
region. Third, long-term treatment with SSRIs 
may reduce hypothalamic release of corticotropin- 
releasing factor ( CRF  )   .     CRF  , which initiates the 
cascade of events that leads to adrenal cortical 
production of cortisol, is also a neurotransmitter 
in the central nervous system and has been shown 
to increase fear. According to Gorman et al. [ 56 ] 
equally intriguing was the possibility  that      SSRIs, 
by increasing serotonergic activity, have an effect 
on the central nucleus of the amygdala itself, this 
may be a prime site for the anxiolytic action of 
the SSRIs, whereby an increase in 5-HT inhibits 
excitatory cortical and thalamic inputs from acti-
vating the amygdala. In addition to their  psychic 
effects,      drugs such  as      SSRIs may eliminate most 
of the troubling physical effects that may occur 
during panic by affecting heart rate, blood pres-
sure, breathing rate, and glucocorticoid release.    
This would lead to a secondary decrease in antic-
ipatory anxiety as a patient recognizes that the 
seemingly life-threatening physical manifesta-
tions of panic have been blocked. It is not uncom-
mon, particularly in the early stages of medication 
treatment of a patient with PD, to hear “I some-
times feel as if the attack is coming on but then 
nothing happens. My thoughts don’t seem to be 
able to cause a panic attack anymore”. It is thus 
conceivable  that      SSRIs induce a rollback phe-
nomenon in which pharmacological treatments 
fi rst reduce the severity and frequency of panic 
attacks and then, indirectly, ameliorate anticipa-
tory anxiety and avoidance. 

    In 2005, Ninan et al. [ 57 ] interestingly 
matched the sequence of events in a prototypical 
panic attack and what follows with potential neu-
robiological alterations. They made the example 
of a young lady experiencing an unexpected 
panic attack while driving on the highway. Some 
confl uence of events triggers the amygdala, the 
central command switch and activates a  fi xed 
action patterns   of responses in her brain and 
body. Thus, she pulls over the side of the road 
paralyzed with fear and, after a few minutes 
when the worst is over, she gathers up her cour-
age and slowly drives to the safety of her home. 
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The terrifying experience leaves her an  emotion 
memory   (i.e., a strengthening of synapses in the 
lateral nucleus of the amygdala that represents 
the experience). Subsequent experiences, either 
anticipated or actual, that match components of 
that emotional memory, now trigger the anxiety 
response. The  conventional memory system   also 
remembers the panic attack.  Explicit memory   
involves the hippocampus which is crucial for 
the autobiographical memory of the attack. 
Moreover, the involvement of hippocampus has 
also a role in recording the context in which the 
attack occurred. Thus, for instance, the highway 
is now associated with panic attack and driving 
may elevate the risk of a further panic attack. 
Although not previously connected with fear, 
driving is now associated with vigilance, anxiety, 
arousal. The anticipation of highway drive may 
become dysphoric and the situation may be there-
fore avoided.    The functional anatomy of such 
avoidance is the medial/orbital prefrontal cortex 
and its reciprocal connections with the amygdala. 
Excessive activation of the amygdala decreases 
prefrontal activity, which, in turn, reduces the 
inhibitory control of amygdala. Thus, the learn-
ing of new information that may counter the 
 initial association is impaired and avoidance 
becomes lasting. Once again, this matched 
sequence of events of a panic attack and the 
 corresponding neurobiological alterations might 
identify different stages of the development of 
PD which are the mirror of what happens during 
the rollback. 

    In 2008, Graeff and Del-Ben [ 58 ] further clar-
ifi ed the neuroanatomical model of panic focus-
ing on the role of  5-HT   as enhancer of inhibitory 
avoidance in the forebrain and inhibitor of the 
one-way escape in the midbrain periaqueductal 
gray ( PAG  )   . Indeed, experimental studies led to 
the association of escape with PD; functional 
neuroimaging show activation of the insula and 
upper brain stem (including the PAG), as well as 
deactivation of the Anterior Cingulated Cortex 
( ACC)      during experimental panic attacks; and 
voxel-based morphometric analyses of brain 
magnetic resonance images suggest an increase 
of grey matter volume in the insula and upper 
brain stem, and a decrease in the ACC of panic 

patients as compared to healthy controls. Since 
the insula and the ACC are thought to translate 
interoceptive stimulation into feeling, and panic 
patients overestimate bodily signals, they are a 
likely neural substrate of interoceptive supersen-
sitivity, and a possible site of action of both drug 
and cognitive behavior therapy. As a comple-
ment, antidepressants seem also to prevent panic 
attacks by enhancing 5-HT inhibition in the  PAG  .     

5.5      Psychological Development 
of   Panic and Treatment 

 The staging model of psychiatric disorders has 
been strongly related to treatment in unipolar 
depression, bipolar disorder, and schizophrenia. 
On one hand, it has been observed that it allows 
to recognize a disorder early enough to treat it 
precociously, that is making early intervention 
and prevention. On the other hand, it has been 
observed that it may help in identifying possible 
therapeutic strategies for treatment resistant 
cases. Unfortunately, current therapeutic models 
for PD [ 59 ,  60 ] disregard staging as well as sub-
clinical symptomatology. Yet, there should be 
more emphasis on treatment outcome, especially 
on long-term outcome because of the chronic 
nature of PD. Disappearance of residual symp-
toms, upon abatement of panic attacks, should be 
the fi nal target of therapy since they constitute a 
substantial risk of relapse. Adequate treatments 
of enduring effects should become of paramount 
importance including, at least in some patients, 
long-lasting treatment, sequential, or stage- 
oriented combination of different therapeutic 
modalities. 

    In this framework, Shear et al. [ 61 ] proposed 
to use a better system to monitor the patient’s 
progress because, if residual symptoms are iden-
tifi ed clearly and the progress of treatment can be 
mapped, clinicians may appropriately increase or 
possibly decrease medication dosage. 

 For a long time, the literature has suggested to 
increase the rates of remission combining phar-
macological and psychological treatments. More 
recently, evidence seems not to strongly agree 
with it. While in the 1990s antidepressants plus 
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exposure in vivo were proposed to treat PD [ 62 ]; 
in 2000s, the combination of  psychotherapy   and 
antidepressant showed higher effectiveness than 
antidepressant alone but no differences over  psy-
chotherapy   alone [ 63 ]. Similarly,  psychotherapy   
plus benzodiazepines did not provide a signifi -
cant advantage over  psychotherapy   alone [ 64 ]. 
Thus, for those PD patients who have access to 
appropriate behavior therapy services,  psycho-
therapy   alone might be the most favorable inter-
vention. In terms of differential effectiveness of 
various forms of  psychotherapy  , only behavior 
therapy and cognitive-behavior therapy were 
homogeneously effective while brief psychody-
namic and cognitive-interpersonal therapy pro-
duced mixed results [ 63 ]. 

    When appropriate behavior therapy services 
are not available or when the patient does not 
want to engage in a psychological path, pharma-
cological treatment remains the only option. In 
this case, the choice of the treatment should be 
done on the basis of a fl ourishing literature which 
strongly suggests that there is no adequate evi-
dence of SSRIs higher effectiveness if compared 
to tricyclic antidepressants or benzodiazepines 
[ 65 ,  66 ]. Benzodiazepine, in particular clonaze-
pam, diazepam, alprazolam, lorazepam [ 67 ], are 
a possible fi rst-line treatment in a PD patient who 
do not have a comorbid depressive disorder and 
are not prone to addiction [ 67 ,  68 ]. However, it 
should be noted that alprazolam has been related 
to continuous and high-dose use; thus, it should 
be carefully used or simply avoided [ 69 ] 

    Different treatment approaches have been also 
proposed. Some authors evaluated the effects of a 
sequential treatment, that is a planned sequential 
administration of different therapies based on 
specifi c effects induced by each therapy that pro-
vide additional benefi ts in the course of time. 

 Goldstein [ 70 ] administered a 8-week treat-
ment program, starting with alprazolam and 
switching gradually to imipramine, to 6 PD 
patients. Five completed the treatment program 
and, among them, 4 had no panic attacks by the 
end of the fi rst week of treatment and maintained 
the improvement throughout the shift to imipra-
mine. Mavissakalian [ 71 ] proposed 8 weeks of 
treatment with imipramine followed by 8 weeks 

of treatment with imipramine combined with 
behavior therapy to 38 PD with agoraphobia 
patients. Of them, 63 % responded markedly to 
the sequential treatment; most of the improvement 
in panic occurred during the fi rst 8 weeks, 
whereas improvement in severity, anxiety, 
depression, and phobias, continued to be signifi -
cant between mid-treatment and end of study. 
Further analyses revealed that improvement in 
phobic anxiety and avoidance in the fi rst 8 weeks 
of treatment, rather than improvement in panic, 
predicted the fi nal outcome. De Beurs et al. [ 72 ] 
compared fl uvoxamine plus exposure, psycho-
logical panic management plus exposure, and 
exposure alone and found that the combination of 
fl uvoxamine and exposure demonstrated effi cacy 
superior than that of other treatments at the end 
of the trial. However, these advantages faded at a 
2-year naturalistic follow up [ 73 ]. 

    Finally, 63 patients with a primary diagnosis 
of PD who had residual symptoms (i.e., panic 
attacks, anticipatory anxiety, phobic avoidance) 
despite being on a stable dose of medications for 
at least 4 months, were treated with  CBT   using a 
group format by means of 12 sessions over 4 
months. Signifi cant reductions in symptoms were 
evident for all outcome measures (i.e., frequency 
of panic attacks, agoraphobia, anticipatory anxi-
ety) across treatment, with maintenance of these 
gains at 1-year follow-up. At least a 50 % reduc-
tion in symptoms was achieved by 78 % of the 
sample for ratings of agoraphobia, 62 % for antic-
ipatory anxiety, and 49 % for the  Hamilton 
Anxiety Scale score  . Fully 81 % of the sample 
achieved a panic-free status, and 64 % met crite-
ria for remission. The presence of dysthymia, 
generalized anxiety disorder, or social phobia at 
pre-treatment was associated with a lower like-
lihood of remission [ 74 ]. This study provides 
 further evidence for the effi cacy of  CBT   as a 
next-step strategy for patients who fail to respond 
adequately to pharmacotherapy for PD. The 
improvement was also maintained despite overall 
reductions in medication use, indicating that 
 CBT   can be used as a strategy for medication 
 discontinuation, with longer-term maintenance 
of treatment gains. Indeed, persistent post- 
withdrawal disorders induced, for instance, by 
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paroxetine can be successfully treated with a 
specifi c cognitive behavioral therapy which 
includes explanatory therapy, monitoring of 
emergent symptoms, homework exposure for 
avoidance patterns, lifestyle modifi cations, tech-
niques of decreasing abnormal reactivity to the 
social environment, and well-being therapy [ 75 ]. 

    An interesting proposal of stage-oriented ther-
apy comes from Fava et al. [ 76 ]. They adminis-
tered well-being therapy or  CBT   of residual 
symptoms to three PDA outpatients, one major 
depressive disorder, four social phobia, one gen-
eralized anxiety disorder, and one obsessive com-
pulsive disorder patient. Both treatments were 
associated with decrease in residual symptoms 
but a signifi cant advantage of well-being therapy 
over cognitive behavioral strategies was observed 
when the residual symptoms at the second assess-
ment (after treatment) of the two groups were 
compared with the initial measurements as 
covariates [ 76 ]. This study has obvious limita-
tions, nonetheless, it provides important clinical 
insights since a novel, and specifi c psychothera-
peutic technique addressed to increasing well-
being [ 77 ] was found to be signifi cantly associated 
with a decrease in residual symptoms in patients 
with mood and anxiety disorders. More recently, 
a treatment-resistant panic disorder patient hav-
ing diffi culties in automatic thought identifi ca-
tion with the distress oriented approach of 
cognitive therapy, showed to improve when the 
wellbeing therapy was administered [ 78 ]. 

    Finally, considering that treatment resistance 
in PD is a growing and emerging issue [ 79 ], a 
staging levels of treatment resistance was pro-
posed by Cosci and Fava [ 12 ] (see Table  5.3 ).

5.6        Conclusions 

 Despite the relative paucity of research on 
 psychological development of PD, the reports 
summarized in this chapter address important 
clinical issues that deserve further study. 

 The prodromal period seems to be about 
10–15 years long, the perception that one is a 
“nervous person” [ 16 ] or the presence of specifi c 
personality characteristics are strong predictors 
of the onset of panic disorder. The most common 
prodromes are depressed mood, illness phobia, 
distress and avoidance of closed spaces, exces-
sive worries, negative affectivity, anxiety sensi-
tivity, health anxiety or fear of disease, separation 
anxiety. The phenomenological clinical sequence 
of PD with agoraphobia is: phobic avoidance 
and hypochondriasis leading to panic, which, in 
turn, leads to more phobic avoidance and 
 hypochondriasis. On the other hand, the rollback 
phenomenon is: a decrease in avoidance by expo-
sure, which improves agoraphobia and panic, 
with eventual disappearance of panic, whereas 
agoraphobia persists although to a less degree. 
Prodromal symptoms of PD with agoraphobia 
thus tend to become residual symptoms which, in 
turn, may progress to prodromal symptoms of 
relapse [ 40 ]. Alternatively, the rollback might be 
characterized by anxiety elicited by bodily sensa-
tions which infl uences catastrophic beliefs which, 
in turn, infl uence avoidant behavior [ 43 ]. 

 The translation of staging in the neurobiology 
of panic identifi es different phases in the develop-
ment of PD. They are the mirror of the steps 
observed during the rollback. The experience of a 
panic attack triggers the amygdala which acti-
vates patterns of responses in the brain and body. 
The terrifying experience leaves an emotion 
memory because of which subsequent anticipated 
or actual experience, that match components of 
that emotional memory, will trigger the anxiety 
response. The hippocampus is also involved and 

   Table 5.3    Staging  of   levels of treatment resistance in 
panic disorder according to Cosci and Fava [ 12 ]   

 Stages 

 0  No history of failure to respond to therapeutic 
trial 

 1  Failure of at least one adequate therapeutic 
trial (either pharmacological or psychological) 

 2  Failure of at least two adequate therapeutic 
trials, including at least one psychological 

 3  Failure of three or more adequate therapeutic 
trials, including at least one concerned with 
 psychotherapy   

 4  Failure of three or more adequate therapeutic 
(either pharmacological or psychological) 
trials, including at least one concerned with 
 psychotherapy  /pharmacotherapy combination 
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records the context in which the attack occurred 
so that some details of the threatening experience 
are now associated with panic attack. The antici-
pation of such details may become dysphoric, and 
the situation may be, therefore, avoided. The 
functional anatomy of such avoidance is the 
medial/orbital prefrontal cortex and its reciprocal 
connections with the amygdala [ 57 ]. 

  The   treatment implications of the longitudinal 
model of PD, although still too disregarded, 
emphasize the importance to consider residual 
symptoms as the fi nal target of the therapy and 
offer adequate treatments of enduring effects. In 
this regard,  psychotherapy   (mainly cognitive- 
behavioral therapy) [ 63 ] has shown the highest 
effectiveness and sequential or stage-oriented 
treatments have shown promising results.     
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     Abstract  

  Research into panic disorder (PD) has long 
 indicated the possibility of distinct PD sub-
types, such as respiratory, cardiovascular or 
gastrointestinal, based on the symptoms 
experienced during a panic attack (PA). In 
this chapter, we will elaborate on the new 
developments concerning the respiratory 
subtype (RS) of panic disorder (PD) since its 
fi rst description, presenting psychopatholog-
ical features, diagnostic  criteria, genetic and 
physiopathological hypotheses, as well as 
therapeutic and prognostic characteristics. 
Evi dence drawn from the available literature 
indicates a greater incidence of family his-
tory of PD, as well as higher comorbidity 
rates for disorders of anxiety and depression, 
among RS patients in  comparison with 
patients of the non-respiratory subtype 
(NRS). RS patients were also more sensitive 
to CO 2 , hyperventilation and caffeine. These 
patients were clearly distinguished from the 
NRS patients by certain characteristics, such 
as the heightened sensitivity to CO 2  and the 
higher incidence of a family history of PD. 
None theless, it was not possible to demon-
strate differential responses to pharmacolog-
ical treatment and cognitive behavioral 
therapy across the subtypes. RS patients 
seem to respond faster than NRS to pharma-
cological treatment with antidepressants and 
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benzodiazepines, but more studies are needed 
to confi rm this fi nding.  

  Keywords  

  Caffeine   •   Hypercapnia   •   Comorbidity   • 
  Hyperventilation   •   Nocturnal panic   •   Dyspnea   
•   Respiratory diseases   •   Respiration  

6.1       Introduction 

 Panic Disorder (PD) can be defi ned as experienc-
ing unexpected recurring episodes of panic attacks 
(PA) along with concerns about having other PA, 
whereby the subject often worries about the con-
sequences of  PA   or suffers signifi cant behavioral 
changes related to the PA [ 1 ]. According to the 
 DSM-5  , a panic attack may be expected or unex-
pected, and is defi ned as being a sudden episode of 
intense anxiety and fear with a number of symp-
toms [ 1 ]. However, the heterogeneity among panic 
symptoms indicates that there may be distinct PD 
subtypes [ 2 ,  3 ] such as respiratory, cardiovascular 
or gastrointestinal; as proposed by Klein [ 4 ] and 
others [ 5 ], based on the most prominent symptoms 
occurring during a typical PA. Distinct groups of 
symptoms suffered by PD patients may have an 
association with specifi c clinical courses, sensitiv-
ity to respiratory tests, and effi cacy of  pharmaco-
logical treatment   [ 6 ]. Moreover, the diverse 
clinical presentations of PD may refl ect the dis-
tinct pathways producing PD [ 7 ]. 

 Although there are a number of similarities 
between PA and common fear  reactions  , there are 
also distinct psychopathological and neurobio-
logical differences [ 8 ]. For instance, in  PA   there 
is a marked feeling of air hunger, which is not 
normally associated with fear reactions that result 
of external danger. Another important difference, 
demonstrated clinically and in PD challenge 
studies [ 8 ], is that PA fail to cause activation of 
the  HPA      (hypothalamic-pituitary-adrenal)  axis  . 
Furthermore, a great deal of research has been 
done on the connection between panic disorder 
and the respiratory system [ 4 ,  9 – 11 ]. Some of 
these studies have indicated that PD patients may 
suffer from subclinical respiratory abnormalities 
[ 11 – 14 ], as well as the fact that patients with 

 respiratory diseases   are prone to developing 
panic disorder and agoraphobia [ 15 – 17 ]. There 
are also fi ndings which point to a link between 
 abnormalities   in the respiratory control centers 
and the physiopathology of PD [ 4 ,  18 ]. Klein [ 4 ] 
proposed that spontaneous PA happen when a 
lack of useful air is signaled by the  brain suffoca-
tion   monitor, thereby acting as a hyper-sensitive 
alarm system against suffocation. However, such 
a dysfunction would cause an individual to be 
susceptible to PA as episodes of “false suffo-
cation alarms” [ 4 ]. Several studies indicate that 
patients suffering distinct respiratory symptoms 
differ in their responses to respiratory and non- 
respiratory challenges, when compared to PD 
patients without such prominent symptoms 
[ 19 – 22 ]. 

 In the studies of Briggs et al. [ 6 ], Roberson- 
Nay et al. [ 2 ,  3 ] and other authors [ 7 ,  19 ] there is 
a great deal of evidence to indicate that patients 
with prominent respiratory symptoms during PA 
may represent a distinct PD subtype which is 
stable through time. Briggs and colleagues stud-
ied 1034 PD patients’ accounts of their most 
recent severe PA [ 6 ] and separated the patients 
into two groups, based on the presence of promi-
nent respiratory symptoms. Patients considered 
as being RS showed at least four of the following 
 symptoms  :  Fear of death  , pain/discomfort in the 
chest, breathlessness, paresthesias, and the sensa-
tion of choking. Those considered as suffering 
more natural PA, who also seemed to respond 
better to antidepressants, belonged to the RS 
group. Those having more situational PA, who 
showed a better response to benzodiazepines, 
were part of the  NRS   group [ 6 ]. 

 In this chapter, the psychopathology, demo-
graphic features, clinical features, psychological 
factors, neurobiological factors and treatment of 
the respiratory subtype were reviewed. The most 
relevant fi ndings regarding the RS since its fi rst 
description in 1993 have been summarized [ 6 ].  

6.2         Psychopathology   

 In 1993, Briggs et al. [ 6 ] studied the psychopathol-
ogy of PD and discovered a frequent incidence 
of respiratory symptoms. A principal component 
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analysis separated two symptom groups: the 
 non-respiratory symptom  group  , which included 
8 PD symptoms; and the respiratory symptom 
 group  , which included fear of death, breathless-
ness, paresthesias, pain/discomfort in the chest 
and a sensation of choking. The  NRS   group incor-
porated most symptoms of PD and an overall 
severity factor was taken into consideration. A dif-
ferent PD subtype was determined by the symp-
toms from the second group, and another subtype 
was thus defi ned through the absence of such 
symptoms. When at least four of the fi ve symp-
toms from the respiratory symptom  group   were 
present, the RS was defi ned; otherwise the RS was 
absent [ 6 ]. Bandelow et al. [ 23 ] performed an 
oblique principal component cluster analysis on a 
sample of 330 PD patients from 14 centers in six 
different countries and his fi ndings were almost 
identical to those of Briggs et al. [ 6 ]. It was shown 
that there was a latent tendency towards symp-
toms such as fear of death, pain/discomfort in the 
chest, tingling or numbness,  dyspnea   and choking/
suffocation. Patients showing at least four of 
these symptoms suffered fewer situational PA and 
appeared to have episodes of a more spontaneous 
nature [ 23 ]. 

    Factor and group analyses were performed by 
Shioiri et al. [ 24 ] among a Japanese sample of 
207 PD patents and a distinct RS was not found. 
The respiratory symptoms were not together, 
they were divided into two different groups [ 24 ]. 
Also, in the study from Rees et al. [ 25 ] the fi ve 
respiratory symptoms were not grouped together. 
The authors made a principal component analysis 
of a sample of 153 PD patients and identifi ed fi ve 
components of somatic symptoms. Component 
one included choking and shortness of breath, 
component fi ve consisted of chest pain and 
numbness. The other PD somatic symptoms were 
distributed across the other three components [ 25 ]. 
Two studies [ 26 ,  27 ] have shown that cardio-
respiratory symptoms were frequently present 
among Spanish PD patients. In both studies the 
factor analysis grouped together the symptoms 
breathlessness/ dyspnea  , fear of death and pain/
discomfort in the chest, although in the study of 
Marquez et al. [ 27 ] the choking sensation was 
also included in this cluster. In the study by Segui 

et al. [ 26 ] trembling, palpitations and paresthesias 
were added to the cardio-respiratory cluster along 
with fear of dying, chest pain and  dyspnea  . 

    Three factors were recently identifi ed in a later 
study [ 28 ] by factor analysis: the cognitive, with 
fear of going mad or suffering loss of control and 
derealization; the autonomic/somatic, including 
dizziness, perspiration, tremors, nausea, chills/
hot fl ushes; and cardio-respiratory, involving pal-
pitations, pain in the chest, breathlessness, chok-
ing, sensations of numbness and fear of death. 
The cardio-respiratory dimension was found to 
be associated with agoraphobic avoidance and 
severity of panic in multiple regression analy-
ses, while those suffering from interference in 
daily life, mainly with panic preoccupation, were 
linked to autonomic/somatic and cognitive sub-
scales [ 28 ]. 

    A multi-centric study [ 29 ] conducted in Europe 
indicated than the lifetime prevalence of  PA with 
“sensation of shortness of breath” (PASB)   was 
6.77 %, while the lifetime prevalence of PA 
 without this symptom was 3.14 %, the 12-month 
prevalence of these PA were 2.26 % and 1 % 
respectively. The prevalence of PASB was signifi -
cantly higher in Spain and Italy, compared to 
France, Belgium, Germany and the Netherlands. 
 The   PASB was also associated to “any chronic 
physical condition” and to high use of health ser-
vices due to mental health problems [ 29 ]. 

    Roberson-Nay and Kendler [ 2 ] examined 
panic symptoms across four samples from epide-
miologic studies and one sample from a clinical 
study with the aim of determining if patients with 
PD have a tendency to co-vary within distinct 
subgroups as a function of symptomatic similar-
ity. Examination of panic symptoms from the 
 Epidemiological Catchment Area (ECA)  ,  Virginia 
Adult Twin Study of Psychiatric and Substance 
Use Disorders (VATSPSUD)   and the  Cross-
National Collaborative Panic Study (CNCPS)   
revealed two very distinct groups. The fi rst group 
was differentiated by its prominent respiratory 
symptoms as well as higher incidence across a 
number of other symptoms of PD, while the other 
group was characterized by its low endorsement 
rates in regard to respiratory symptoms of 
panic but high endorsement of non- respiratory. 
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The analysis of samples from the National 
 Comorbidity   Study (NCS)    and the  National 
Epidemiologic Survey on Alcohol and Related 
Conditions (NESARC)   were also in agreement 
with the fi ndings from Briggs et al. [ 6 ], with only 
slight differences [ 2 ]. 

    With the exceptions of the studies from 
Bandelow et al. [ 23 ] and Roberson-Nay and 
Kendler [ 2 ], other studies involving factor analy-
sis [ 24 – 28 ] failed to reproduce the precise respi-
ratory symptom distinction described by Briggs 
et al. [ 6 ], although there were still many similari-
ties. These disparities may occur as a result of 
uneven sampling or reduced numbers within the 
sample. A further possibility in relation to eluci-
dation for this phenomenon is that certain factors 
such as cross-cultural samples or hereditary 
infl uences could have had an effect on the preva-
lence of panic symptoms in different samples, 
affecting the PD subtyping.     

6.3     Demographic and Clinical 
Features 

 It has also been shown in studies of Demographic 
and clinical features that RS PD patients, accord-
ing to the criteria of Briggs et al. [ 6 ] have specifi c 
demographics and clinical aspects. 

 Some research indicated that in PD patients in 
the RS there is a higher age of onset [ 19 ,  30 ], 
although other studies indicated the opposite [ 21 , 
 31 ], while another recent study found no differ-
ence between the subtypes regarding age of onset 
[ 3 ]. Studies comparing the RS with  the    NRS   have 
not found any signifi cant difference in regard to 
gender, occupation, marital status or education 
[ 3 ,  21 ]. 

 Several studies indicated a higher degree of 
family history  of   PD  for      RS patients, compared 
 to    NRS   patients [ 21 ,  32 ,  33 ] (Table  6.1 ).

   Previously, some studies indicated that  the 
      NRS   had greater levels of  comorbidity   with 
major depression [ 32 ,  33 ] and found no differ-
ences between the subtypes regarding  comorbid-
ity   with agoraphobia and other anxiety disorders 
[ 31 ,  34 ,  35 ]. A recent analysis of a large epide-
miologic sample (NESARC) demonstrated that, 

compared  to    NRS   patients, RS patients showed 
greater  comorbidity   with agoraphobia, specifi c 
phobias, social or generalized anxiety disorder 
and major depression [ 3 ]. In the same study [ 3 ], 
an analysis of a clinical sample (CNCPS) identi-
fi ed only specifi c phobias and major depression 
as comorbidities associated with  the       RS   
(Table  6.1 ). 

 Higher rates of alcohol consumption [ 21 ] and 
cigarette smoking [ 19 ] for RS patients were 
found by some authors, when compared to  the 
      NRS  , although other studies failed to show these 
disparities [ 3 ,  34 – 36 ]. Another study [ 37 ] recently 
discovered a negative connection between the RS 
and neuroticism, while other PD subtypes were 
not correlated to this personality trait. 

 It is not clear if the RS is associated only with 
spontaneous PA [ 6 ,  23 ], both spontaneous and situ-
ational PA [ 20 ] or if there are no differences between 
the subtypes regarding the types of PA [ 3 ]. 

 There is also controversy as to whether or 
not the RS correlates with nocturnal panic 
attacks ( NPA  )      . These occur, usually after 2–3 h 
of sleep, when the subject suddenly wakes up 
with anxiety, a sensation of fear and physical 
symptoms [ 38 ]. During these attacks, marked 
respiratory symptoms such as breathlessness or 
 dyspnea   [ 38 ], chest pains, a sensation of chok-
ing, paresthesias and fear of death arise [ 39 ]. 
49–69 % of PD sufferers experience this kind of 
episode [ 40 – 42 ]. It is therefore common for PD 
patients to develop anticipatory anxiety [ 39 ], 
sleep-onset insomnia and phobic avoidance of 
sleep secondary to the  NPA   [ 38 ]. Sarisoy et al. 
[ 40 ] also found patients with  NPA   showing 
marked respiratory symptoms. Said patients 
presented substantially higher levels of chest 
pain or distress, the sensation of choking, par-
esthesias, dizziness and fear of loss of control 
or going mad than those patients  without    NPA   
[ 40 ]. Despite evidence indicating a correlation 
between  NPA   and RS, two more recent research 
papers [ 41 ,  42 ] failed to demonstrate this 
correlation. 

 Compared to  the    NRS     , patients in the RS exhib-
ited higher scores on the  Clinical Global Impression 
(CGI) scale   [ 31 ], a lengthier period of illness, 
more severe panic and phobic symptoms [ 19 ]. 
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Onur et al.[ 34 ] detected no subtype distinctions in 
scores on the  Panic Disorder Severity Scale 
(PDSS)   and the  Panic and Agoraphobia Scale 
(PAS)  . However, on the  Anxiety Sensitivity Index 
(ASI)   and the  Panic-Agoraphobia Spec trum Scale 
(PAS-SR)  , patients in the RS still recorded higher 
scores. This dissimilarity bet ween the subtypes lay 
among a number of domains of the PAS-SR, such 
as “panic-like sym ptoms”, “agoraphobia”, “reas-
surance orientation” and “separation sensitivity”. 
These domains also appear to be statistically dis-
criminative of RS and  the    NRS      [ 34 ]. A study [ 43 ] 
using the  World Health Organization Quality of 
Life Scale (WHOQOL)   showed higher scores in 
the psychological domain for the RS, compared to 
 NRS    patients      (Table  6.1 ). 

 Two epidemiological studies [ 3 ,  29 ] indicated 
that RS patients have a tendency to seek more 
psychosocial treatment and are often given pre-
scription medicine for symptoms of panic. These 
fi ndings may explain why there are so many dif-
ferences between clinical sample and epidemio-
logical studies regarding the RS.  

6.4        Psychological Factors 

 Behavioral sensitization following near- 
drowning or suffocation incidents may have a 
signifi cant role in the psychobiology of PD. 
Research indicates that 19.3–33 % of PD patients 
have a history of traumatic suffocation ( TSH  )   , 
while only 6.7 % of “normal” controls had  TSH   
[ 44 ]. Near-drowning, torture or rape involving 
suffocation or choking were some of the many 
types of traumatic suffocation episode that were 
reported [ 44 ]. In comparing PD patients with and 
without this background, the authors found a 
higher prevalence of respiratory symptoms and 
nocturnal PA in those with  TSH  , and more symp-
toms of agoraphobia or cardiovascular symptoms 
in those patients without such a background [ 44 ]. 
In this comparison no contrasts were presented 
concerning childhood separation anxiety or 
familial history of PD [ 44 ]. It was discovered in 
another study that PD patients who had suffered 
torture suffocation in the past, showed a higher 

     Table 6.1     Clinical variations      from the respiratory subtype to the non-respiratory subtype   

 Evidence type  RS   NRS    Reference 
 Family history of PD (%)  62.1–75.7  28.6–35.3  Freire et al. [ 21 ], Nardi 

et al. [ 32 ], Nardi et al. [ 33 ] 
  Comorbidity   
 With agoraphobia (OR/95 % CI)  2.16 (1.51–3.11) **   Roberson-Nay et al. [ 3 ] a  
 With GAD (OR/95 % CI)  3.31 (2.16–5.08) **   Roberson-Nay et al. [ 3 ] a  
 With SAD (OR/95 % CI)  1.78 (1.29–2.49) **   Roberson-Nay et al. [ 3 ] a  
 With specifi c phobia (OR/95 % CI)  1.88 (1.40–2.54) **   Roberson-Nay et al. [ 3 ] a  
 With major depression (OR/95 % CI)  2.00 (1.16–3.45) *   Roberson-Nay et al. [ 3 ] a  
 Scores on scales of PD severity 
 Clinical Global Impression (median)  5 **   4 **   Valenca et al. [ 31 ] 
 Anxiety Sensitivity Index (mean/SD)  35.1 (13.2) *   29.5 (13.2) *   Onur et al. [ 34 ] 
 Panic- Agoraphobia Spectrum Scale 
(mean/SD) 

 65.2 (14.3) **   55.6 (17.2) **   Onur et al. [ 34 ] 

 WHOQOL b  (mean/SD)  64.3 (15.2) *   48.1 (19.9) *   De-Melo-Neto [ 43 ] 

   PD  panic disorder,  SAD  social anxiety disorder,  GAD  generalized anxiety disorder,  RS  respiratory subtype,   NRS    non-
respiratory subtype,  OR  odd ratio,  95 % CI  95 % confi dence interval,  SD  standard deviation,  WHOQOL  World Health 
Organization Quality of Life scale 
  * P ≤ 0.05 
 ** P ≤ 0.01 
  a Only the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC) sample 
  b The difference between the two subtypes was only in the psychological domain  
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incidence of depression and respiratory  symptoms 
than other patients [ 45 ].     TSH   patients also pre-
sented more posttraumatic stress symptoms on 
CAPS, the Clinician- Administered Posttrau matic 
Stress Disorder  Scale  , than those without THS, 
although this was not statistically signifi cant [ 45 ]. 

 Bouwer and Stein [ 44 ] put forward the hypoth-
esis that an actual suffocation experience could 
augment the sensitivity of the suffocation 
alarm, which would subsequently be more easily 
activated.  

6.5     Biological Factors 

6.5.1      Oxidative Stress         
and Infl ammation 

 There is mounting evidence to indicate that oxi-
dative stress is involved in the development of 
neuropsychiatric disorders, including schizoph-
renia, bipolar disorder, depression and PD [ 46 ]. 
The free radicals involved in oxidative stress 
have short half-lives but may be indirectly evalu-
ated through measurement of the activity of 
 certain antioxidant enzymes like  superoxide dis-
mutase (SOD)   and catalase or glutathione peroxi-
dase (GSH-Px)   . The study from Ozdemir et al. 
[ 46 ] indicated that SOD and GSH-Px activity 
was signifi cantly lower in PD patients compared 
to healthy subjects, but there were no signifi cant 
differences in the comparison between the RS 
 and    NRS  . The authors concluded that there is a 
high level of oxidative stress in PD, regardless of 
the subtype [ 46 ]. 

          There is also evidence of  comorbidity   between 
PD and immunological diseases such as asthma, 
in which there is an increase of  T lymphocytes   
[ 46 ].  Adenosine deaminase (ADA)   is an enzyme 
which is important to the maturation and function 
of T lymphocytes, as well as being an indicator of 
cellular immunity. It has been suggested that 
increased plasma activity of this enzyme occurs 
in diseases of an infl ammatory nature involving a 
cell-mediated immune response. Ozdemir et al. 
[ 46 ] found higher ADA activity in PD patients in 
comparison with controls. The ADA activity was 
not signifi cantly different when comparing RS 

and  NRS     .  High   ADA activity indicates that 
infl ammatory processes are present in PD patients 
and may increase  oxidative stress         [ 46 ].  

6.5.2        Genetics 

 Some studies [ 21 ,  32 ,  33 ] indicated that RS 
patients have a higher frequency of familial his-
tory of PD compared  to    NRS  , suggesting that 
genetic factors may play a role in the physiopa-
thology of respiratory PD. 

    It is also important to study the role of steroid 
hormones such as progesterone in PD patients 
with respiratory symptoms because they may 
have an effect on breathing [ 35 ]. Hormonal 
changes directly infl uence the regulation of 
breathing due to changes in the state of excitabil-
ity of the respiratory center [ 35 ]. Progesterone 
infl uences ventilatory control while its impact on 
breath stimulation among healthy male subjects 
has also been demonstrated [ 35 ]. Two progester-
one receptor isoforms (A and B) mediated all the 
principal actions of progesterone [ 35 ]. The pro-
gesterone receptor gene is located on chromo-
some 11q22-23, and consists of a number of 
polymorphic regions, including an ALU insertion 
polymorphism in intron 7 (PROGINS) and a sin-
gle nucleotide polymorphism at position +331 
(G331A) in the promoter region [ 35 ]. Pirildar 
et al. [ 35 ] compared RS patients with healthy 
controls and discovered a trend towards a statis-
tically signifi cant difference (P = 0.06) in the 
PROGINS. The healthy subjects were signifi -
cantly different from the RS  and    NRS   patients 
regarding the G331A, but no differences were 
found in the comparison between the RS and 
 NRS   [ 35 ]. 

    Currently there is insuffi cient data to deter-
mine what role genetics may play in the RS and 
further study is required.  

6.5.3           Respiratory Dysfunction 

 Asmundson and Stein [ 47 ] carried out research 
on pulmonary function in patients with PD and 
did not fi nd any respiratory damage, although 
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patients with a low forced expiratory fl ow, at 
50 % of a forced expired vital capacity (FEF 
50 %), were different to patients with high FEF 
50 %, in regard to panic symptoms. Compared to 
patients who presented a high FEF 50 %, during a 
PA, those with low FEF 50 % had a higher num-
ber of strong respiratory and cognitive symp-
toms, such as breathlessness, a sensation of 
smothering, giddiness or feeling unsteady, leth-
argy or tingling sensations, fear of death, loss of 
control or going mad [ 47 ]. It was hypothesized 
that PD patients with marked respiratory and 
cognitive symptoms may characterize a different 
group of PD patients with early manifestation of 
obstructive pulmonary disease [ 47 ]. Pfaltz et al. 
[ 48 ] found no differences between PD patients 
and healthy subjects regarding respiratory fre-
quency, volumes and irregularities in ambulatory 
monitoring. However, the severity of respiratory 
symptoms in PD patients was positively corre-
lated with the breath time and the variability of 
the breath time [ 48 ]. There was also a negative 
correlation between the intensity of respiratory 
symptoms and an index of rapid  shallow      breath-
ing [ 48 ]. 

 Moynihan and Gevirtz [ 49 ] discovered that 
RS patients showed lower partial pressure of end-
tidal CO 2  (PETCO 2 ) (35.14, SD = 3.89 mmHg) 
compared  to    NRS   (39.27, SD = 3.33 mmHg) and 
healthy subjects (39.43, SD = 2.72 mmHg). The 
PETCO 2  is a measure of the quantity of CO2 in 
exhaled air as an indication of the partial pressure 
of CO 2  in the arterial blood. The low PETCO 2  in 
RS patients indicates that these patients  hyper-
ventilate      and eliminate more CO 2  than the sub-
jects in the other two groups [ 49 ].  

6.5.4           Diagnostic Challenge Tests 

 Biber and Alkin [ 19 ] found that single-breath 
35 % CO 2  inhalation induced PA in 79 % of 
patients in the RS, while just 48 % of those in the 
 NRS   suffered PA in this respiratory challenge. 
Valenca et al. [ 31 ] also found that 93.7 % of the 
RS patients had PA during a double-breath 35 % 
CO 2  inhalation, while only 43.4 % of the  NRS   
had PA, indicating increased sensitivity to CO 2  

among RS patients. A study with a challenge of 
5 % carbon dioxide rebreathing [ 50 ], had higher 
numbers of RS patients terminating the proce-
dure voluntarily, compared to the  NRS   patients. 
There was also higher respiratory frequency and 
a greater incidence of suffocation sensations in 
RS patients, than the other subtype [ 50 ]. The 
respiratory ratio, which is a dimensional con-
struct based on the respiratory subtype, was also 
positively correlated to carbon dioxide sensitivity 
[ 51 ]. Freire et al. [ 51 ] found that the respiratory 
ratio could predict CO 2 -induced PA with a sensi-
tivity of 67.7 % and a specifi city of 65.5 %, using 
a cutoff of 0.437 in the respiratory ratio score. 
The idea of two marked PD subtypes was rein-
forced by the differential responses to CO 2  and 
these fi ndings are also compatible with the theory 
of false suffocation alarm [ 19 ]. Patients in the RS 
could be oversensitive to CO 2 , and any trivial 
increase in levels of carbon dioxide may be read-
ily  misinterpreted   as a lack of useful air, causing 
severe respiratory symptoms as well as other 
symptoms of PA (Table  6.2 ).

         In a study by Nardi et al. [ 52 ] 62.0 % of the 
patients who responded with PA to 35 % CO 2  
inhalation and breath holding test were in the RS 
group. Only 30.8 % of the non-responders were 
RS patients [ 52 ]. In another study from the same 
group [ 53 ], patients who responded to the double- 
breath 35 % CO 2  inhalation presented more 
 respiratory symptoms – chest pain/discomfort, 
shortness of breath, paresthesias and feelings of 
choking – in a typical spontaneous PA compared 
to non-responders (Table  6.2 ). 

 In another study by Nardi et al. [ 20 ], PD 
patients were submitted to two panic provoking 
challenges with a 1-week interval: a double- 
breath 35 % CO 2  inhalation and the ingestion of 
480 mg of  caffeine  . In the CO 2  test, 61.4 % of the 
patients suffered PA, while in the  caffeine   test 
only 45.8 % had PA. Those who had PA in the 
 caffeine   challenge were also sensitive to CO 2 , 
and 76.3 % of these patients were in the RS 
group. Among patients who did not respond to 
either of the two tests only 37.5 % were in the RS 
group [ 20 ] (Table  6.2 ). 

     I  t was demonstrated in two studies [ 22 ,  54 ] 
that of those who had PA in the  hyperventilation   
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challenge, 75.0–75.6 % were RS patients. Also 
70.0 % of the patients sensitive to the breath 
holding test were in the RS group [ 22 ]. In patients 
sensitive to both tests 72.0 % were in the RS 
group, in those not sensitive to any of these tests 
only 37.5 % were in the RS group [ 55 ] (Table  6.2 ). 

 Several other methods are used to provoke PA 
in PD patients; one of these methods is lactate 
infusion. Massana et al. [ 56 ] found that during 
the infusion, those with the cardiorespiratory 
subtype had tachycardia and localized sweating, 
while the “pseudoneurological” PD patients had 
bradycardia and generalized sweating. 

       Studies have shown that hypoxic challenge 
tests also provoke PA in PD patients, similarly to 

carbon dioxide [ 30 ]. RS patients did not differ 
from  NRS   patients regarding the level of anxiety 
and panic symptoms produced by the challenge. 
However, the RS group showed more ventilatory 
irregularities and lower PETCO 2  than the other 
group [ 30 ]. 

    Several studies demonstrated that RS patients 
are more prone to panic attacks in challenge tests. 
Regarding sensitivity to CO 2 , these patients were 
more responsive to the 5 % rebreathing challenge 
[ 50 ], the 35 % single-breath challenge [ 19 ], the 
35 % double-breath challenge [ 21 ,  31 ,  52 ] and 
the breath holding challenge [ 22 ,  52 ], compared 
to  NRS   patients. The RS patients were also more 
sensitive to the  hyperventilation   challenge test 

       Table 6.2    Sensitivity  to      respiratory and non-respiratory challenge tests   

 Author  Year  N 
 N respiratory 
subtype 

 N non-
respiratory 
subtype  Method  OR 

 95 % CI 
lower 

 95 % CI 
upper  P 

 Abrams  2006  33  10  23  Standardized 
5 % CO 2  
rebreathing 
challenge 

 2.267  0.452  11.349  0.319 

 Biber  1999  51  28  23  Single breath 
35 % CO 2 /65 % 
O2 mixture 

 4.000  1.182  13.525  0.025 

 Freire  2008  117  66  51  35 % CO 2  
double-breath 
challenge 

 15.500  4.367  55.011  <0.001 

  Hyperventilation   
test 

 0.648  0.273  1.537  0.325 

 Valença  2002  27  16  11  35 % CO 2  
double-breath 
challenge 

 18.0  1.722  188.090  0.015 

 Nardi  2006a  76  39  37  35 % CO 2  
inhalation 
double-breath 

 3.671  1.337  10.077  0.011 

 Breath holding  12.056  4.090  35.528  <0.001 
 Nardi  2004a  85  52  33   Hyperventilation   

test 
 0.847  0.323  2.218  0.736 

 Breath holding  1.238  0.435  3.517  0.688 
 Nardi  2007  83  41  42  Caffeine 480 mg  8.861  3.266  24.037  <0.001 

 35 % CO 2  
inhalation 
double breath 

 2.197  0.888  5.431  0.088 

 Nardi  2006b  91  31  60  35 % CO 2  
inhalation 
double-breath 

 1.222  0.475  3.138  0.676 

 Nardi  2004b  88  51  37   Hyperventilation   
test 

 4.727  1.894  11.794  <0.001 

  95 % CI  95 % confi dence interval ,  N  number of subjects,  OR  odd ratio  
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[ 21 ] and to the  caffeine   challenge test [ 20 ]. The 
differential responses to diagnostic challenge 
tests seem to be the most relevant feature of  the   
 RS   (Table  6.2 ).   

6.6      Treatment      

 Briggs et al. [ 6 ] conducted a multi-centric, ran-
domized, controlled and double-blind medication 
trial in 1034 PD patients. At the beginning of the 
trial patients had been free of all medication for 
at least 1 week, and they were randomized to 
receive placebo, imipramine or alprazolam. The 
treatment lasted for 8 weeks and the clinicians 
were allowed to adjust the dosage according to 
response or adverse effects. Alprazolam acted 
faster than imipramine, although at the endpoint 
both active drugs were signifi cantly superior 
to the placebo. Among RS patients, those who 
received imipramine improved more than those 
who received alprazolam. Among  NRS   patients, 
those who received alprazolam showed greater 
improvement [ 6 ]. The higher effi cacy of seroto-
nergic medications may indicate that the physio-
pathology of the RS may be linked to a serotonin 
imbalance. Nardi et al. [ 32 ] treated 118 PD 
patients with nortriptyline, with a dosage from 
50 mg to 150 mg per day, for 52 weeks. The RS 
patients improved faster than the  NRS   patients, 
and in week 8 there was a statistically signifi cant 
difference in the outcome measures, nevertheless 
by week 52 both groups had improved equally 
[ 32 ]. In a 3-year follow-up study [ 33 ] there was 
also a signifi cantly faster response in the RS 
patients compared to the  NRS   patients, both 
being treated with clonazepam in doses from 
1 mg to 4 mg per day. At the endpoint, 3 years 
later, there were no differences between these two 
groups regarding the effi cacy of the treatment [ 33 ]. 

       Taylor et al. [ 57 ] conducted a study on the 
treatment of PD with cognitive behavioral ther-
apy ( CBT  )    with 22 un-medicated patients who 
were submitted to 10 weekly  CBT   sessions, with 
all patients improving. There were no signifi cant 
differences between those with prominent respi-
ratory symptoms and those without prominent 
respiratory symptoms. At a 3-month follow-up, 

the previously obtained improvement was 
 maintained [ 57 ]. A promising new treatment [ 58 ] 
is capnometry-assisted breathing therapy, which 
uses a feedback system based on the PETCO 2 . 
This treatment consists of: educating patients on 
the role of breathing in PD; correcting problem-
atic respiratory patterns; having them perform 
different breathing maneuvers with capnometer 
feedback to experience how changes in breathing 
affect physiology, symptoms, and mood; teach-
ing them to control PETCO 2  level and respiratory 
rate; and having them practice breathing  exercises 
daily [ 58 ]. PD patients, regardless of the subtype, 
showed signifi cant improvement with a decrease 
in PDSS scores after fi ve weekly treatment 
 sessions [ 58 ]. 

       These studies indicate that imipramine, alpra-
zolam, nortriptyline and clonazepam are effec-
tive medications in the treatment of all PD 
patients; nevertheless tricyclic antidepressants 
may be more effective than benzodiazepines in 
RS patients. Trials with newer drugs are needed 
to ascertain if these medications produce differ-
ent improvements in RS and  NRS   patients. The 
 CBT   has proved itself equally effective in RS and 
 NRS   patients.     

6.7     Discussion 

 In the last 20 years the PD RS subtype has been 
extensively studied, and although some fi ndings 
were replicated in more than one study, there 
were also some controversial fi ndings regarding 
the PD subtypes. 

 There were signifi cant differences in the prev-
alence of respiratory symptoms in samples from 
different studies, indicating that the prevalence of 
the RS may vary from one population to the 
other. There is evidence of higher prevalence of 
choking in Caucasian Hispanic compared to 
 Caucasian non-Hispanic PD   patients [ 59 ], also, 
African Americans have greater fear of dying and 
fear of insanity, as well as a higher incidence of 
tingling sensations than European Americans 
[ 60 ], indicating that ethnicity may play a role in 
the unbalanced distribution of PD symptoms 
across populations. Cultural factors cannot be 
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ruled out, but the authors believe that the distinct 
gene pools from the studied populations are the 
main reason for differences in the prevalence of 
PD symptoms. The increased risk of PD in RS 
family members also indicates that genetics play 
an important role in the physiopathology of this 
PD subtype. Unfortunately only one study [ 35 ] 
addressed the genetic differences between the RS 
and  NRS   and the results were inconclusive. The 
genes implicated in anxiety and respiratory func-
tion should both be investigated in future studies 
to identify which of these genes may be respon-
sible for the RS. 

 The RS patients were also more sensitive 
than  NRS   patients to challenge tests with CO 2  
inha lation,  hyperventilation  , breath holding and 
  caffeine  . The differential responses to diagnostic 
challenges were consistent across several studies, 
indicating that respiratory system dysfunctions 
may contribute to the physiopathology of the RS 
subtype. Recent studies indicated that twin sib-
lings and other family members share carbon 
dioxide sensitivity [ 61 – 63 ], once again indicating 
the importance of genetic factors as mediators of 
this phenomenon. Given that RS is associated with 
 CO 2  sensitivity   and both features are infl uenced by 
genetic factors, it is reasonable to assume that they 
share at least some genetic characteristics. 

 RS patients had high  comorbidity   with ago-
raphobia, social anxiety disorder, generalized 
anxiety disorder, specifi c phobias and major 
depression. These patients also had higher scores 
on clinical scales and lower neuroticism scores, 
compared to  NRS  . These differences in the clini-
cal presentations of PD, with greater  comorbidity      
and more intense PD symptoms, raise the ques-
tion of whether the RS could predict a worse 
response to pharmacological and psychological 
treatments compared to the  NRS  . With the excep-
tion of the study from Briggs et al. [ 6 ] in which 
RS responded better to treatment with imipra-
mine and  NRS   responded better to alprazolam, 
the other studies failed to demonstrate differen-
tial responses to pharmacological treatment and 
 CBT   across the subtypes. RS patients seem to 
respond faster than  NRS   to pharmacological 
treatment with antidepressants and benzodiaze-
pines, although further studies are required to 
confi rm this fi nding.  

6.8     Conclusion 

 The  defi nition   of the RS made by Briggs et al. [ 6 ] 
has been confi rmed by two other high quality 
studies [ 2 ,  23 ], but there continues to be no con-
sensus concerning the defi nition of the respira-
tory subtype of panic disorder. This problem may 
be due to methodological variability between 
studies and small sample sizes. The authors 
believe that the respiratory subtype should not be 
defi ned exclusively based on a symptomatologi-
cal profi le, but also based on other features such 
as respiratory challenge profi les. Incorporating 
new criteria would increase the validity of the 
respiratory subtype, and it would become a use-
ful tool for research on panic disorder.     
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     Abstract  

  Suffocation-False Alarm Theory (Klein, Arch 
Gen Psychiatry 50:306–317, 1993) postulates 
the existence of an evolved physiologic suffo-
cation alarm system that monitors information 
about potential suffocation. Panic attacks mal-
adaptively occur when the alarm is erroneously 
triggered. The expanded Suffocation-False 
Alarm Theory (Preter and Klein, Biol 
Psychiatry 32(3):603–612, 2008) hypothesizes 
that endogenous opioidergic dysregulation 
may underlie the respiratory pathophysiology 
and suffocation  sensitivity in panic disorder. 
Opioidergic dysregulation increases sensitivity 
to CO 2 , sepa ration distress and panic attacks. 
That sudden loss, bereavement and childhood 
separation anxiety are also antecedents of 
“spontaneous” panic requires an integrative 
explanation. Our work unveiling the lifelong 
endogenous opioid system impairing effects of 
childhood parental loss (CPL) and parental 
separation in non-ill, normal adults opens a 
new experimental, investigatory area.  
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7.1       Introduction 

 I briefl y reference previous material on Klein’s 
 suffocation false alarm theory (SFA)      of panic dis-
order [ 1 ] and its amplifi cation in 2008 [ 2 ]. I then 
discuss a recent fi nding showing a fundamental 
difference in endogenous opioid reactivity to a 
naloxone challenge in psychiatrically and medi-
cally healthy adults, depending on whether or not 
they had experienced childhood separation and 
parental loss. 

 In 1993, Klein published the original  SFA 
theory   of panic disorder [ 1 ], attempting to inte-
grate the multiplicity of apparently unrelated 
clinical and laboratory observations. We posited 
“that a physiologic misinterpretation by a suffo-
cation monitor misfi res an evolved suffocation 
alarm system. This produces sudden respiratory 
distress followed swiftly by a brief hyperventila-
tion, panic, and the urge to fl ee.  Carbon dioxide 
hypersensitivity   is seen as due to the deranged 
suffocation alarm monitor. If other indicators of 
potential suffocation provoke panic, this theoreti-
cal extension is supported.” In the original paper, 
we tested “the theory by examining Ondine’s 
curse as the physiologic and pharmacologic con-
verse of panic disorder, splitting panic in terms of 
symptomatology and challenge studies, reevalu-
ating the role of hyperventilation, and reinterpret-
ing the contagiousness of sighing and yawning, 
as well as mass hysteria” [ 1 ]. Original SFA 
focused on relating the observed lactate and car-
bon dioxide hypersensitivity in panic disorder to 
a putative dysfunction in a hypothesized suffoca-
tion alarm. At the time, the underlying patho-
physiology that might connect the apparent 
disparate “phenomena of panic during relaxation 
and sleep, late luteal phase dysphoric disorder, 
pregnancy, childbirth, pulmonary disease, sepa-
ration anxiety, and treatment”, was unknown. 

 Over the intervening decades, much data 
evolved linking Separation Anxiety, Panic, and 
respiratory dysfunction. This suggested a poten-
tial missing link: 

 “Klein and Fink [ 3 ] posited a developmental 
pathophysiological link between [clinical levels 
of] separation anxiety and PD and subsequent ago-
raphobia, since 50 % of hospitalized agoraphobics 

reported severe early separation anxiety that often 
prevented school attendance. Further, panic, in this 
group, was frequently precipitated by bereave-
ment, or separation […]” [ 2 ]. This was also noted 
by others, e.g., Faravelli and Pallanti [ 4 ], Kaunonen 
et al. [ 5 ], Milrod et al. [ 6 ]. 

 We noted that “[p]atients highly comorbid for 
multiple  anxiety disorders   are particularly likely 
to recall childhood SAD [ 7 ]”, and that “[c]laims 
that separation anxiety equivalently antecedes 
other anxious states [ 8 ] may be due to diagnosti-
cally ambiguous limited symptom attacks and the 
unreliability of the questionnaire method”. We 
concluded that “in the only controlled, long-term, 
direct, blind, clinical interview follow-up of 
separation- anxious, school-phobic children, the 
only signifi cant fi nding was an increased PD 
rate” [ 2 ]. 

 Adding further support, Battaglia et al. [ 9 ] 
showed that “[s]eparation anxiety correlates with 
increased familial loading and early onset of 
PD.” More recently (2012), as part of their series 
of brilliant twin studies, Robertson-Nay et al. 
demonstrated that, “[childhood] separation anxi-
ety disorder and adult onset panic attacks share a 
common genetic diathesis”.  

7.2     Panic and Comorbid 
Conditions 

 There has been a regained awareness of the rele-
vance of panic states to other clinical contexts, as 
Freud suggested in his pioneering statement [ 10 ]. 

 In the US, nearly half of panic patients are ini-
tially seen in the medical emergency room of a 
hospital. They may undergo extensive diagnostic 
medical procedures, such as MRI scans of the 
brain for headaches, or coronary angiograms for 
 chest pain  .  Cardiovascular symptoms  , particu-
larly pseudo-anginal chest pain resembling a 
heart attack are the most common symptoms in 
these PD patients’ experience. Accordingly, 25 % 
or more of outpatients seen by a cardiologist have 
a current diagnosis of PD [ 11 ]. Since primary 
complaints are of distress, rather than anxiety, 
they have been termed “non-fearful” panics. 
This seemingly oxymoronic term nevertheless 
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 indicates that fearfulness is not essential to panic 
disorder [ 12 ]. 

 Migraine and other chronic  headaches   are 
highly comorbid with panic disorder [ 13 ,  14 ]. 
Having PD increases the risk of migraine four-
fold, and vice versa. This bidirectionality suggests 
that the migraine-panic association is unlikely to 
be merely coincidental and that shared environ-
mental and familial factors are involved [ 13 ]. In 
a longitudinal study, separation and parental loss 
early in life increased the risk of both headaches 
and psychiatric morbidity, mainly anxiety and 
depression, in adulthood [ 15 ]. 

 Panic disorder is also comorbid with other 
somatic pain syndromes [ 16 ]. In a cross-sectional 
survey of 1219 female veterans studying the 
prevalence and frequency of  mastalgia  , women 
reporting frequent mastalgia were much more 
likely to have comorbid panic disorder [OR 7.1], 
but also post-traumatic stress disorder, mood dis-
orders, and other somatic pain syndromes, such 
as fi bromyalgia, chronic pelvic pain or irritable 
bowel syndrome. 

 Although panic attacks as they occur in panic 
disorder often prominently feature air hunger, 
other panic subtypes have prominent vestibular 
symptoms and unspecifi c dizziness/lightheaded-
ness. True  vertigo   was historically recognized as 
a common presentation of panic disorder [ 17 ,  18 ]. 
The current rigid distinction between psychiatry 
and neurology [ 19 ] interferes with proper assess-
ment [ 20 ]. 

 In Mandarin Chinese,  tou yun  refers to the dis-
abling sensation of a constant state of movement 
of oneself or one's surroundings. This dizziness 
(note that  tou yun  also describes vertigo), is prob-
ably the most common expression of panic disor-
der in Chinese patients [ 21 ], so by sheer numbers, 
this may well be the most prevalent panic sub-
type worldwide. 

 Taken together, the various comorbidities of 
panic disorder and untreated sequelae massively 
impact people’s quality of life [ 22 ]. 

 One prominent characteristic of the panic 
attack and subthreshold panic-related anxiety is 
respiratory dysregulation and chaotic breathing. 
This can be experimentally reproduced in adult 
panic sufferers, but also in children with separa-
tion anxiety disorder [ 2 ,  23 ,  24 ]. 

 Air hunger and chronic sighing outside of the 
acute attack are hallmarks of panic that rarely 
occurs under acute, external-threat initiated fear 
[ 1 ,  25 ]. Increasing  hypercapnia   is a more salient 
indicator of potential suffocation than hypoxia, 
but hypoxia also serves this alarm function. 
“Beck et al. [ 26 ,  27 ] showed that panic patients 
respond with increased panic symptoms not only 
to CO 2  inhalation, but also to normocapnic 
hypoxia, as predicted by SFA.” [ 2 ]. Unsurpri-
singly, numerous studies found that panic disor-
der and lung disease commonly occur together 
[ 28 – 37 ]. More specifi cally, we wrote, “early lung 
disease, including asthma and COPD may predis-
pose to PD [ 28 ,  38 – 42 ], or present solely with 
panic symptoms [ 43 ,  44 ]. Asthma and PD are 
both characterized by acute episodes, salient 
respiratory symptoms and anxiety with avoid-
ance of situations related to acute attacks [ 1 ,  37 ]. 
There is a signifi cantly higher (6.5–24 %) preva-
lence of PD in asthmatics [ 36 ,  45 ,  46 ] than the 
1–3 % reported in the general population [ 47 , 
 48 ]. Perna et al. [ 41 ] found a signifi cantly higher 
prevalence of PD, sporadic panic attacks, and 
social phobia in asthmatics than the general pop-
ulation. In 90 % of asthmatics with PD, asthma 
appeared fi rst.  Panic symptomatology   during the 
asthmatic attack predicted longer hospitaliza-
tions in asthmatic patients [ 49 – 51 ].” [ 2 ]. 

 The recent amplifi cation of SFA centers on the 
observation that both separation anxiety and suf-
focation sensitivity are under endogenous opioi-
dergic control. We amplifi ed the SFA theory by 
suggesting that PD may be due to an episodic 
functional endogenous opioid defi cit [ 25 ]. The 
following is a necessarily brief explanation. 

 The  endogenous opioid system   was discov-
ered in the early 1970s. Electrical stimulation the 
periaqueductal gray [ 52 ] produced analgesia that 
was reversed by naloxone, suggesting an endo-
genous opioid system. Opioid molecules are 
among the oldest evolved signaling substances., 
functioning in many physiological processes e.g., 
pain perception, respiration [ 53 ].  Dyspnea   is 
modulated by central and peripheral opioid levels 
in both rodents and humans [ 54 ]. 

 In mice, exposure to intermittent, severe 
hypoxia prolonged survival during subsequent 
lethal suffocation [ 55 ]. This effect was blocked 

7 Lifelong Opioidergic Vulnerability Through Early Life Separation…

mp2285@cumc.columbia.edu



142

by  naloxone  , implying that endogenous opioids 
increase adaptability to hypoxic environments. 
Opioid receptors, including ‘non-conventional’ 
ones, can be found throughout the respiratory 
tract.  Nebulized morphine   is an outstanding 
 treatment for chronic dyspnea ([ 56 – 59 ]. 

 In our 2008 paper, we summarized data from 
 developmental psychobiology and neuroanatomy   
that point to a possible link between separation 
and the endogenous opioid system, as follows: 

 “Following birth, mammalian infants cannot 
survive independently. Survival requires reli-
able distress signaling mechanisms to elicit 
parental care and retrieval.  Distress vocaliza-
tions (DVs)   are a primitive form of audio-vocal 
communication [ 60 ]. A common neuroanatomy 
subserving DVs may be shared by all mammals, 
although substantial functional variations 
depend on the ontogenetic niche. The latter [ 61 ] 
signifi es the ecological and social legacies (“the 
inherited environment”) in which a given set of 
genes develops. For instance, isolated altricial 
(developmentally immature) infants do not emit 
DVs compared to other species, since it is not 
likely they will stray from the nest [ 62 ]. 

 Immature human infants practically never get 
lost for their fi rst 6 months. Despite frequent 
maternal absence, separation anxiety in humans 
develops only after their motor system matures. 
Young rats are not specifi cally attached to their 
mother, i.e. any mother will do as heater or 
feeder. Only once mobile do they socially bond, 
but their responses do not compare with the 
vigor seen in other species. Rats also differ from 
other species, including primates, dogs and 
chicks in their greater DV suppression by benzo-
diazepines [ 62 – 64 ]. Since benzodiazepines dif-
ferentially alleviate anticipatory anxiety, social 
isolation in young rodents, as compared to many 
other mammals, may activate anxiety mecha-
nisms other than separation distress.” Thus, 
Panksepp emphasizes that when using cross-spe-
cies analogies, it is important to keep in mind 
that the type and degree of social separation dis-
tress depends on ecological and developmental 
parameters [ 62 ]. 

 The developmental phase of separation 
 anxiety serves as a biologic leash for the increas-
ingly mobile, but helpless infant who continually 
checks for the mother’s presence, becomes 
acutely distressed on discovering her absence, 
and immediately attempts to elicit retrieval by 
crying. In humans, separation anxiety usually 
wanes around age four when the now verbally 
skilled child can successfully elicit care even 
from non-relatives. 

 Using  electrical brain stimulation (ESB)     ,    DVs 
have been elicited in many species from homolo-
gous areas, including the midbrain, dorsomedial 
thalamus, ventral septum, preoptic area, and the 
bed nucleus striae terminalis (BNST). In some 
higher species, one can obtain separation calls by 
stimulating the central amygdala and dorsomedial 
hypothalamus. All these sites have high opioid 
receptor densities and fi gure heavily in sexual 
and maternal behaviors [ 60 ]. Cortically, electrical 
stimulation of the  rostral cingulate gyrus   in mon-
keys consistently elicits distress calls [ 65 ,  66 ]. The 
 cingulate cortex  , found exclusively in mammals, 
is particularly well developed in humans and con-
tains high densities of opioid receptors [ 67 ]. 

  Naloxone-blockable opioid   agonists reduce 
isolation-induced distress vocalizations (DVs) 
across mammalian species [ 68 – 71 ]. In beagles, 
imipramine, the classic anti-panic agent, and 
morphine were the only psychotropic drug that 
yielded specifi c DV reduction at nonsedating 
doses [ 64 ,  71 ]. 

 Naloxone given to guinea pigs and young 
chicks [ 71 ] increased baseline vocalizations (by 
600 %), but only when the animals were in a group, 
since isolates already emitted maximum DVs. 

 Kalin et al. [ 69 ] studied  opioid modulation   of 
separation distress in primates, showing mor-
phine (0.1 mg/kg) signifi cantly decreased separa-
tion distress vocalizations without changes in 
autonomic and hormonal activation. Naloxone 
(0.1 mg/kg) blocked this effect. Sympathetic 
blockade using the α(2) agonist, clonidine, and 
the β adrenergic antagonist, propranolol, had no 
specifi c effect on separation-induced “coos” in 
infant rhesus monkeys [ 2 ,  72 ].  
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7.3     Testing the Panic- 
Suffocation- False Alarm- 
Endogenous Opioid 
Connection 

 “Panic Disorder is unique among psychiatric dis-
orders in that its salient component, the panic 
attack, can be reliably incited in laboratory set-
tings by specifi c chemical challenges as well as 
having challenges specifi cally blocked by anti- 
panic agents, e.g.  imipramine  . We can experi-
mentally turn panic on and off, producing 
trenchant causally related data rather than infer-
ences from naturalistic data.” [ 2 ]. Specifi cally, 
 sodium lactate infusions and CO 2  inhalation   reg-
ularly produce panic attacks in patients with 
panic disorder [ 73 – 75 ]. However, while normal 
controls or patients with other anxiety disorders 
rarely show such reactivity (i.e., progress to a 
full-blown panic attack) [ 1 ], higher concentra-
tions of inhaled CO 2  are highly aversive and can 
produce respiratory panic symptomatology in a 
dose-dependent fashion [ 76 – 78 ]. 

 Both spontaneous and lactate induced panic 
attacks in panic patients produce air hunger and 
marked, objective increases in tidal volume (Vt) 
[ 79 ,  80 ]. Since  sodium lactate infusion   causes a 
metabolic alkalosis, a compensatory decrease in 
ventilation would be expected. This would 
homeostatically buffer blood pH, by increasing 
CO 2  retention. However, the converse actually 
occurs indicating a specifi c lactate stimulating 
effect on respiration. 

 The usual response of healthy control subjects 
to a sodium lactate infusion is a minor, but defi -
nite increase in Vt [ 81 ]. The lesser tidal volume 
response in lactate challenged normal subjects 
may be due to buffering by their intact endoge-
nous opioid system. 

 An open pilot study showed that  naloxone 
infusion   (ranging from an initial 0.5 mg/kg to 
a maximum of 2 mg/kg) followed by lactate 
(N + L), caused signifi cant tidal volume incre-
ments similar to those observed during clinical 
and lactate induced panic attacks in 8 of 12 nor-
mal subjects, supporting the hypothesis that opi-
oidergic defi ciency might be necessary for lactate 
to produce a marked increase in tidal volume in 
normal subjects [ 82 ]. 

 Based on these initial fi ndings, and cognizant 
that previous experiments using smaller doses of 
both  intravenous and oral opioid blocking agents   
had shown little results [ 83 ,  84 ] we decided to 
conduct a controlled, randomized experimental 
study to investigate whether high-dose naloxone, 
an intravenous opioid receptor antagonist, could 
change the regularly resistant normal controls to 
become more sensitive to intravenous lactate as a 
respiratory stimulus to tidal volume increment. 
Study design and statistical analysis are detailed 
elsewhere [ 85 ], but in addition to the usual stan-
dard recruitment procedure for healthy research 
subjects, “eligible volunteers were further inter-
viewed about potentially signifi cant individual 
and family antecedents and comorbidities of 
panic, such as near-suffocation, pulmonary dis-
ease, and migraine headache. Recent and child-
hood loss and separation events (parental divorce 
or death, childhood abuse) were specifi cally 
reviewed.” [ 85 ]. 

 Results showed that “[n]ormal subjects, usu-
ally relatively insensitive to the TV effects of lac-
tate infusion, in this study, given opioid antagonist 
pretreatment, developed TV and RR increments 
resembling those occurring in both spontaneous 
clinical panic attacks and in panic patients who 
panic during lactate infusions [ 73 – 75 ]. The 
hypothesis that a functioning endogenous opioid 
system buffers normal subjects from the behav-
ioral and physiological effects of lactate is conso-
nant with these results.” 

 The most interesting aspect of this study is 
that “for the fi rst time the prolonged physiologi-
cal effects of actual separations and losses during 
childhood, i.e. parental death, parental separation 
or divorce, on the  endogenous opioid system   of 
healthy adults have been objectively, experimen-
tally shown. Presence or absence of  childhood 
parental loss (CPL)   antecedents determined the 
response to the naloxone-lactate probe.” [ 85 ]. 

 In these carefully screened medically and psy-
chiatrically healthy subjects, a history of child-
hood parental loss or separation decreased the 
 naloxone + lactate effect  , implying that there was 
an antecedent decrement in opioidergic activity, 
so that the naloxone had nothing to block. It was 
the subjects that had not suffered such separation 
events that showed the expectable tidal volume 
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increment (hyperventilation) used as outcome 
measure. 

 “The import of these fi ndings is that analyses 
attempting to relate CPL to other baseline vari-
ables may well fail since CPL impact may be spe-
cifi c to challenges to the  endogenous opioid 
system  .” [ 85 ]. Also it implies that separation- 
induced, baseline opioidergic defi ciency, while it 
may not be suffi cient to induce overt disease, 
confers lifetime vulnerability even in healthy 
adults. Whether it is longitudinally, or cross- 
sectionally relevant to somatic pain syndromes 
such as migraine, and to opiate abuse ought to be 
determined. 

 Again, we emphasize that these CPL effects 
were apparent in a ‘normal’ sample. “In a society 
where divorce rates approach 50 %, the results 
raise the question whether current psychiatric 
classifi cation and diagnostic scales are sensitive 
enough to detect the effects of childhood parental 
loss. This applies as well to developing societies 
like China, where the massive migration of 
mostly young individuals from the countryside to 
urban areas has left approximately 30 million 
small children behind [ 85 ,  86 ].” 

 It is known that early maternal separation 
is a risk factor for a dult anxious-depressive 
and borderline psychopathology   [ 87 – 89 ]. 
“However, its detrimental long-term effect is 
not limited to psychiatric illness [ 90 ]. Using 
criteria similar to ours, the  Adverse Childhood 
Experiences (ACE) Study  , a CDC supported 
prospective cohort study of 16,908 adults found 
a signifi cant relationship between CPL and pre-
mature death in adulthood [ 91 ]. Retrospective 
(e.g., [ 92 ,  93 ]) and prospective longitudi-
nal data [ 15 ,  94 – 96 ], link family disruption, 
physical abuse, separation and maternal loss 
in early life to chronic physical pain in adult-
hood. It should be explored whether the NL 
vs. SL probe has a differential effect on pain 
perception and physiological pain measures, 
and whether the presence of childhood paren-
tal loss antecedents modifi es this interaction. 
Unfor tunately, our exploratory pain measure 
was limited to a single item, and in retrospect, 
was clearly inadequate. 

 CPL as related to  childhood separation anxi-
ety  , adult panic disorder (PD) and suffocation 
hypersensitivity was studied by Battaglia et al. [ 97 ]. 
In a large sample of twins from Norway, CPL 
accounted in no small part for “the covariation 
between separation anxiety in childhood, hyper-
sensitivity to CO 2  (as indexed by the anxiety 
response to a 35 % CO 2 /65 % O 2  mixture), and 
PD in adulthood”. Note that in Battaglia’s study, 
CPL increased reactivity to the 35 % CO 2  probe.” 
[ 85 ] […] 

 “Testing the specifi city of the  naloxone- lactate 
model   of clinical panic requires double-blind 
investigation whether specifi c anti-panic drugs, 
but not panic irrelevant drugs, block this effect.” 
If found, this has practical and heuristic 
implications. 

 First, there is currently no specifi c, screening 
method for testing putative anti-panic drugs 
except by the experimental treatment of panic 
disorder patients. The naloxone + lactate effect in 
normal humans may afford such a screening 
method, and may be extended to preclinical stud-
ies. Second, these data offer heuristic support for 
the theory that an  opioidergic dysfunction   is the 
pathophysiological mechanism underlying panic 
disorder. If so, the appropriateness of opioidergic 
therapeutic agents comes into question. The use 
of morphine or other simple agonists would prob-
ably be rejected for fear of inducing addiction, 
although the evidence for addiction during indi-
cated medical treatment is slim. However, recent 
work with  opioidergic mixed agonist-antagonists   
[ 98 ,  99 ], e.g.  buprenorphine  , may be relevant. 
The concern about addiction would be mitigated 
by the fact that higher doses become receptor 
blockers rather than agonists. Positive results 
would foster investigations into basic molecular 
mechanisms. For instance, we note that the dose 
of naloxone used in our study (2 mg/kg) substan-
tially exceeds that needed for μ opioid receptor 
(MOR) blockade [ 100 ],  suggesting a role for the 
δ opioid receptor (DOR). This could spark inter-
est in the development of specifi c DOR agonists 
suitable for human use. Currently, such agents 
have not been developed, although agents suit-
able for animal use are available.” [ 85 ]. 
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 Since the publication of our paper, exciting 
new work in panic disorder has emerged, notably 
from Brazil. Appropriately, the “First World 
Symposium On Translational Models Of Panic 
Disorder”, was held in Vitoria, E.S., in November 
of 2012. Moreira et al. [ 101 ] present a thoughtful 
review of the use of rodents in panic disorder 
research. Graeff [ 102 ], studying an animal model 
of panic disorder found that the inhibitory action 
of serotonin is connected with activation of 
endogenous opioids in the  periaqueductal gray 
(PAG)  . Schenberg and colleagues [ 103 ,  104 ] sug-
gest “[the PAG] harbors an anoxia-sensitive suf-
focation alarm system”. Activation precipitates 
panic attacks and potentiates the subject’s 
responses to  hypercapnia  . Notably, the resem-
blance of these effects to panic disorder was sup-
ported by their pharmacological parallel to panic 
disorder treatment. This model was also sup-
ported by demonstrating a lack of stress hormone 
release during DPAG stimulation thus paralleling 
panic disorder [ 105 ,  106 ]. The utility of  opioider-
gic mixed agonist-antagonists   in animal models 
of panic disorder and in treatment refractory 
patients would seem promising. 

 The lack of  hypothalamic pituitary adrenal 
(HPA)      activation during the panic attack, as it 
occurs in panic disorder, is a striking peculiarity 
since it contradicts the belief that the panic is an 
expression of a hypersensitive fear mechanism 
that stimulates the  HPA   anti-stress response, sup-
posedly reactive to all dangers. This is usually 
understood as dependent on hyper- responsiveness 
of the amygdala. For instance, both Stein [ 107 ], 
and Gorman et al. [ 108 ] neglect or dismiss the 
incongruity of the lack of HPA response, claim-
ing a supposed amygdala-based hypersensitive 
fear system as central to panic. 

 Further damage to the  amygdalocentric fear 
system theory   is provided by Feinstein et al. 
[ 109 ] who studied three patients with amygdala 
damage produced by  Urbach-Wiethe syndrome  . 
It is worth extensive citation: 

 “A substantial body of evidence has empha-
sized the importance of the  amygdala   in fear 
[…]. In animals, amygdala-restricted manipula-
tions interfere with the acquisition, expression 
and recall of conditioned fear and other forms of 

fear and anxiety-related behaviors. In humans, 
focal bilateral amygdala lesions are extraordi-
narily rare, and such cases have been crucial for 
understanding the role of the human amygdala in 
fear. […] The most intensively studied case is 
patient SM, whose amygdala damage stems from 
Urbach-Wiethe disease […] Previous studies 
have shown that patient SM does not condition to 
aversive stimuli […], fails to recognize fearful 
faces […] and demonstrates a marked absence 
of fear during exposure to a variety of fear- 
provoking stimuli, including life-threatening 
traumatic events […]. Patients with similar 
lesions have largely yielded similar results […]. 

 One stimulus not previously tested in humans 
with amygdala damage is CO 2  inhalation. 
Inhaling CO 2  stimulates breathing and can pro-
voke both air hunger and fear […] Furthermore, 
CO 2  can trigger panic attacks, especially in 
patients with panic disorder […]. Recent work in 
mice found that the amygdala directly detects 
CO 2  and acidosis to produce fear behaviors […]. 
Thus, we hypothesized that bilateral amygdala 
lesions would reduce CO 2 -evoked fear in humans. 

 In contrast with our prediction, patient SM 
reported fear in response to a 35 % CO 2  inhala-
tion challenge. To the best of our knowledge, this 
was the fi rst time patient SM experienced fear in 
any setting, laboratory or otherwise, since child-
hood […]. To further explore this issue, we tested 
two additional patients (AM and BG), monozy-
gotic twin sisters with focal bilateral amygdala 
lesions resulting from  Urbach-Wiethe disease   
[…] As with patient SM, both patients also 
reported experiencing fear during the CO 2  chal-
lenge.” [ 109 ]. 

 These startling observations affi rm that the 
reaction to  carbon dioxide   must be due to an 
alternative alarm system, such as has been pro-
posed for possible suffocation. We have sug-
gested that under conditions of threatened 
asphyxia the activation of the HPA system would 
produce a counterproductive hyperoxidative 
state and is therefore inactivated. This is in keep-
ing with the observation that the tachycardia dur-
ing panic is produced by vagal withdrawal rather 
than a counterproductive sympathetic oxidative 
surge [ 2 ]. 
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 In conclusion, we objectively, experimentally 
showed a physiological link between endogenous 
opioid system defi ciency and panic-like suffoca-
tion sensitivity in healthy adults. This is conso-
nant with the expanded Suffocation-False Alarm 
theory of panic suggesting an episodic functional 
endogenous opioid defi cit [ 25 ,  110 ]. The speci-
fi city of the  naloxone + lactate model   of clinical 
panic should be tested using specifi c anti-panic 
components, possibly including opioidergic mixed 
agonist-antagonists such as  buprenorphine  . If 
specifi c, the naloxone + lactate effect in normal 
humans affords a screening method for testing 
putative anti-panic drugs which is currently not 
available. This could obviate the experimental 
treatment of panic disorder patients in drug 
development. 

 Our data also show for the fi rst time that actual 
separations and losses during childhood, such 
parental death, parental separation or divorce 
(CPL), effect lifelong alterations in the physio-
logical reactivity of the  endogenous opioid sys-
tem   of healthy adults. 

 This result encourages epigenetic inquiry into 
the effects of CPL on endogenous opioid sys-
tems, and the role of these systems in resilience, 
but also in the chronifi cation of symptoms. A sec-
ond step would be to explore similarities and 
 differences between CPL effects and those of 
“subthreshold” events (such as maternal rejec-
tion; e.g. [ 111 ,  112 ]). Finally, a redefi nition of 
what constitutes a (truly) healthy control (with-
out antecedents of CPL) in clinical research 
 protocols may be called for.     
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     Abstract  

  The relationship between panic disorder and 
sleep problems has been studied, and possible 
explanations for this association are discussed 
in this chapter. So far, the results of polysom-
nographic studies in PD patients are inconclu-
sive, but seem to suggest that patients with PD 
have impaired initiation and maintenance of 
sleep. The presence of nocturnal panic attacks 
induce an intense fear of sleep, leading to 
anticipatory anxiety and sleep avoidance, 
resulting in secondary insomnia and facilitat-
ing the development of new panic attacks. 
Other hypotheses, as the co-occurrence of 
depression, cortisol levels and anxiety sensi-
tivity are also raised as mec hanisms related to 
sleep problems in PD pati ents. Treatments are 
available, as the cognitive behavioral treat-
ment and some novel treatments that may 
improve panic attacks as well as insomnia.  

  Keywords  

  Panic disorder   •   Sleep   •   Nocturnal panic 
attacks   •   Sleep treatment  

8.1       Introduction 

 The relationship between  psychiatric disorders 
and sleep problems   has been widely studied. 
Indeed, sleep complains integrate such an 
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 important feature of psychiatric disorders, being, 
for instance, part of the diagnostic criteria for 
depression and generalized anxiety disorder. 
Specifi cally for panic disorder (PD), the presence 
of sleep disturbance is very common, with 
68–77 % of the patients complaining about trou-
ble with sleep [ 1 ]. However, there is a paucity of 
research regarding the comorbidity between this 
disorder and sleep disturbance. 

 To evaluate sleep quality, subjective reports 
and polysomnographic data are often used. The 
 clinical interview and scales   are important to 
identify sleep complaints and accordingly, refer 
to a more accurate exam, as a  polysomnography  , 
that provides sleep cycles and help identifying 
any alteration. However, because PD is not 
directly associated to sleep problems, health pro-
fessionals tend to spend less time evaluating its 
occurrence and impact. 

 Possible explanations for the association 
between PD and sleep diffi culties are discussed 
in this chapter, focusing mostly in insomnia, the 
most common sleep disorder in PD. A potential 
link between both disorders relies on the occur-
rence of  nocturnal panic attacks (NPA)  , that hap-
pen repeatedly in 20–45 % of PD patients [ 2 ,  3 ] 
and appear to predispose patients to be fearful 
and to stay awake to avoid their recurrence. Other 
association hypotheses are discussed, as the 
physiological arousal, increased base levels of 
cortisol [ 4 ] or high anxiety sensitivity. At last, 
the comorbid depression [ 3 ] as an intermediate 
between sleep complaints and PD is addressed.  

8.2     Sleep  Cycles   

 For a better understanding, sleep architecture 
stages are exposed according to the Committee 
on Sleep Medicine and Research [ 5 ] and differ-
ential diagnosis are made between sleep prob-
lems (Table  8.1 ). Overall, sleep is divided in two 
main types: rapid eye movement (REM) and 
non-REM (NREM), the latter divided in four 
stages. A sleep episode begins in the fi rst stage of 
NREM sleep through the four stage, and ends up 
at REM sleep. Individuals do not remain in REM 
sleep the rest of the night but, rather, cycle 
between stages of NREM and REM throughout 
the night.

   Stage 1 is easily interrupted by a disruptive 
noise. Brain activity on the electroencephalo-
gram in stage 1 transitions from wakefulness 
(marked by rhythmic alpha waves) to low- 
voltage, mixed-frequency waves, in which alpha 
waves are associated with a wakeful relaxation 
state. It constitutes 2–5 % of the total sleep. 

 An individual in stage 2 sleep requires more 
intense stimuli than in stage 1 to awaken. In this 
stage, brain activity on an EEG shows relatively 
low-voltage, mixed-frequency activity character-
ized by the presence of sleep spindles and 
K-complexes. It lasts 45–55 % of total sleep. 

 Sleep stages 3 and 4 are collectively referred 
to as slow-wave sleep, in which the EEG shows 
increased high-voltage, slow- wave   activity. It 
lasts 10–15 % of sleep. The REM stage is defi ned 
by the presence of desynchronized (low-voltage, 

   Table 8.1    Differential diagnosis between nocturnal panic and sleep complaints Institute of Medicine (US) Committee 
on Sleep Medicine and Research   

 Disorder  Defi nition  Cycle of sleep 
 Nocturnal panic attack  Waking up in a state of horror  Late stage II or early 

stage III sleep 
 Insomnia  Trouble in falling or staying asleep  Before sleep begins 
 Nightmares  Distressing dream that forces 

awakenings; the person usually 
remembers the episode 

 Occur largely in REM 
sleep, after hours of sleep 

 Night terrors  Cause feelings of terror; for the 
sleeper is hard to awaken 

 Occur mostly in stage IV 

 Obstructive sleep apnea  Upper airway obstruction occur 
repeatedly during sleep 

 Occurs in stage I and II 
and REM sleep 

  Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem. Washington (DC): National Academies 
Press (US); 2006. 3, Extent and Health Consequences of Chronic Sleep Loss and Sleep Disorders [ 5 ]  
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mixed-frequency) brain wave activity and bursts 
of rapid eye movements, in which dreaming is 
most often associated.  

8.3      Sleep Quality Studies   

 Irregular cycling sleep is associated with sleep 
disorders. Subjective reports of PD patients 
 evidenced that 68 % of the sample described dif-
fi culties in falling asleep and 77 % reported 
 disturbed sleep [ 6 ]. Higher percentages of sleep 
complaints in PD patients compared to healthy 
subjects were found in other study, especially 
middle night insomnia (67 % vs 23 %) and late 
night insomnia (67 % vs 31 %) [ 7 ]. 

 So far, the results of polysomnographic stud-
ies in PD patients are inconclusive, but seem to 
suggest that patients with PD have impaired ini-
tiation and maintenance of sleep, characterized 
by increased sleep latency and increased time 
awake after sleep onset [ 3 ,  8 ]. Some authors also 
observed a decrease in sleep effi ciency, total 
sleep time and amount of non-REM sleep in 
stage 4 compared to healthy controls, whereas 
others identifi ed an increased percentage of non- 
REM sleep stage 1 in PD patients [ 3 ,  9 ,  10 ]. 
Regar ding patients with repeated NPAs, more 
severe subjective sleep complaints were reported 
when compared to those with only diurnal panic 
attacks, but no differences were found on electro-
encephalogram indices or polysomnographic 
parameters [ 11 ,  12 ]. 

 Commentary must be made on the possible 
co-occurrence of PD with another sleep disorder: 
the  obstructive sleep apnea (OSA)     . The OSA 
may cause NPAs symptoms [ 13 ], and treating 
one condition with continuous positive airway 
pressure (CPAP), could impact on the prognosis 
of the other one [ 14 ,  15 ]. Thus, in addition 
to electroencephalogram alterations, respiratory 
parameters might be able to guide the accurate 
diagnosis and treatment of sleep problems, and 
impact the clinical course of panic symptoms.  

8.4     Mechanism of Association 
Between Panic and Sleep 
Disorders 

8.4.1     Obstructive Sleep Apnea 
Syndrome 

 Studies investigating the prevalence of both dis-
orders in clinical samples are scarce, however 
attention must be drawn to this comorbidity 
because both conditions are relative common, 
with sleep apnea prevalence ranging between 
2–4 % on population-based studies [ 16 ]. In addi-
tion, authors suggest that the presence of sleep 
apnea could be associated to higher prevalence of 
psychiatric comorbid conditions [ 17 ]. 

 Patients with PD have greater respiratory 
variability than comparison subjects [ 18 ]. This 
trait marker may predispose  patients   to CO 2 -
induced panic attack [ 19 ]. In addition, respira-
tory events during sleep, in the presence o 
comorbid OSA, may trigger panic attacks. In this 
way, treatment results indicate that the vast 
majority of PD with OSA patients experienced a 
diminution or disappearance of panic attacks 
with CPAP, besides a decrease in the use of 
alprazolam, what might suggest that CPAP works 
as a treatment for diurnal and NPAs alone too 
[ 17 ]. These data seem to be in accordance with 
an infl uential etiological hypothesis for PD, the 
Klein’s suffocation alarm theory [ 20 ], in which 
panic attacks would be a result of inappropriate 
activation of an alarm system by the brain that 
signals lack of air [ 18 ,  20 ].  

8.4.2     Nocturnal Panic  Attacks      

  NPAs   refer to waking up in a state of panic, 
defi ned as an abrupt and discrete period of intense 
fear and discomfort accompanied by cognitive 
and physical symptoms of arousal [ 21 ]. They are 
NREM-related events, usually emerging from 
late stage 2 or early stage 3 of sleep [ 3 ] and differ 
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from sleep problems regarding clinical features 
and stage of occurrence. 

 The association between PD and sleep com-
plaints is often attributed to NPAs, that may occur 
in 33–69 % of PD patients [ 7 ]. Due to the noctur-
nal occurrence, they induce an intense fear of 
sleep, leading to anticipatory anxiety and sleep 
avoidance, resulting in secondary insomnia and 
facilitating the development of new NPAs [ 22 ] 
(Fig.  8.1 ). This perspective has its foundation in 
the cognitive behavioral model, in which learned 
fearfulness of bodily sensations leads to reactiv-
ity changes in bodily state. Indeed, slight changes 
in heartbeat and sweat have been observed pre-
ceding NPAs [ 23 ].

   In a polysomnographic study, Stein et al. [ 3 ] 
found that non-depressed PD patients presented 
regular sleep stages indistinguishable from the 
healthy group. An interesting fi nding of this study 
was that healthy individuals presented brief 
arousals ten times every hour. The authors point 
out that for PD patients, each of these arousals 
represents an opportunity to become aware of his 
sensations and end up interpreting them as dan-
gerous, possibly leading to a NPA [ 24 ]. 

 Some authors suggest that NPAs would be a 
more severe subtype of PD. This hypothesis is 
based in studies that found that patients who had 
NPAs reported more fears and a more severe his-
tory of psychopathology than those who  only      had 
daytime panic attacks [ 25 ]. Other studies also 
found and a greater severity of symptoms, com-
pared to diurnal panic attacks, especially chest 
pain, nausea and discomfort [ 26 ]. Regarding 
sleep quality, patients with NPAs did not differ 
signifi cantly from those with diurnal panic 
attacks, except a tendency to report a more severe 
self-rating of past and current sleep diffi culties 
with sleep onset [ 24 ].  

8.4.3      Depression   

 Survey data on sleep and psychiatric disorders in 
14,915 subjects using questionnaires evidenced 
that insomnia is the most frequent sleep disorder in 
psychiatric disorders [ 27 ]. However, the natural 
course of it incidence tend to differ according to the 
type of psychopathology. Specifi cally, insomnia 
tended to precede the onset of mood disorders in 
40 % of cases, whereas in the case of anxiety disor-
ders, in 80 % of the time it appeared either at the 
same time or following the onset of anxious symp-
toms [ 27 ]. Therefore, sleep disorders and psychiat-
ric disorders seem to interact in multiple ways [ 27 ]. 

 Previous research has evidenced association 
between sleep complaints and comorbid depres-
sive symptomatology in patients with PD. There 
are some possible explanations for this relation-
ship. First, the occurrence of sleep problems 
might be associated directly to the comorbid 
depression, commonly coexisted with PD. In fact, 
depression occurs in 50–65 % of PD patients. 
A second possibility is that comorbid depression 
may be more common in the presence of a severe 
form of PD that features with sleep problems [ 28 ]. 
Lastly, insomnia itself, as a part of PD symptoms 
might be a risk factor for depression comorbidity. 
Indeed, longitudinal studies with individuals with 
insomnia demonstrated an increase in the likeli-
hood of developing major depression, especially 
when the sleep disorder is persistent [ 29 ,  30 ]. 
Moreover, insomnia might be an independent risk 
factor for the development of PD. In this way, 
results of the epidemiological catchment area 
revealed that individuals with insomnia were fi ve 
times more likely to have a panic attack and being 
at risk of developing PD than indivi duals without 
insomnia. For these  subjects, insomnia persisted 
after the remission of the mental disorder [ 31 ].  

Nocturnal Panic Attacks Fear of Sleep

Sleep Avoidance

  Fig. 8.1    Nocturnal 
panic attacks cycle       
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8.4.4     The  Cortisol and Panic 
Disorder   

 The  hypothalamic-pituitary-adrenal (HPA)      axis 
is frequently referred as disturbed in PD [ 32 ]. 
HPA regulates cortisol secretion and is under the 
infl uence of various factors such as sleep, that 
exerts an inhibitory effect on cortisol secretion [ 34 ]. 
During nocturnal awakenings there is a transient 
elevation of cortisol levels, followed by tempo-
rary inhibition of cortisol secretion [ 33 ]. 

 Studies have pointed out the importance of 
stress hormone regulation in anxiety disorders 
[ 32 ,  33 ]. Patients with PD and controls partici-
pated in a study in which salivary and urinary 
cortisol levels were determined in 2-h spans dur-
ing 3 consecutive days. The more severe group of 
clinical patients presented salivary cortisol, noc-
turnal and urinary cortisol levels signifi cantly 
higher than the controls in the whole group of PD 
patients. Other studies found elevated baseline 
plasma levels of cortisol in PD patients [ 34 ,  35 ]. 
The results suggest that cortisol elevations 
are more pronounced during the night, mainly in 
severe ill PD patients [ 32 ]. 

 Despite the results, the authors still cannot 
affi rm whether increased cortisol levels in PD 
patients only refl ect the chronic stress due to 
panic attacks and anticipatory anxiety or are the 
expression of a neurobiological defect involved 
in the pathogenesis of panic attacks [ 32 ].  

8.4.5     Anxiety Sensitivity 

  Anxiety sensitivity (AS)         is a dispositional feature 
associated to a excessive fear of anxiety-related 
sensations based on beliefs that these sensations 
are harmful [ 36 ]. The AS is considered a main 
factor in the development and maintenance of 
PD. Studies indicate that the association between 
AS and PD is largely attributable to the somatic 
aspects of AS [ 37 ], considered not the fear of the 
general anxiety, but the fear of physical sensa-
tions that are associated to the panic related- 
 psychology [ 38 ]. Based on these data, a possible 

explanation for sleep complaints and PD would 
rely on a selective attention to fear of anxiety and 
physical sensations that would occur at night 
while trying to fall asleep [ 39 ]. Studies show an 
association between AS and sleep disturbance 
and suggest that AS may contribute to initial 
insomnia in PD [ 39 ]. 

 This hypothesis lead authors the suggestion to 
include insomnia-targeted components in the 
 cognitive behavioral therapy (CBT)      interven-
tions, which are effective to reduce AS in PD 
patients [ 40 ] and may interfere with a possible 
 development      of sleep problems. Besides CBT 
techniques as interoceptive exposure, pharmaco-
therapy seems to decrease AS levels well [ 41 ].   

8.5     Treatment 

 Mellman et al. points out that there is overlap 
between interventions that target sleep distur-
bances and those that are used in treating  anxiety 
disorders   [ 2 ]. Overlapping approaches include 
medications and cognitive behavioral strategies 
that target worry, tension, and maladaptive cogni-
tions. Optimal sequencing or integration of treat-
ments targeting anxiety and sleep disturbance 
were not fully investigated. 

 Some authors suggest that once treatment is 
initiated at the earliest phase, sleep problems in 
anxious patients are considered secondary symp-
toms that improve with the other symptomatol-
ogy.  Clinical experience   shows that most patients 
with comorbid anxiety and insomnia seek treat-
ment months to years after the initial presentation 
of symptoms. At this point, it is necessary to treat 
both symptoms [ 42 ]. 

 However, others state that in this comorbid 
treatment, insomnia should be treated concur-
rently with, but independently of the anxiety dis-
order  per se . Many authors criticize the idea that 
the clinician should wait to evaluate whether the 
insomnia improves as a consequence of the anxi-
ety disorder treatment. Clinical experience has 
shown that without targeted insomnia treatment, 
insomnia frequently persists [ 43 ]. 
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8.5.1      Pharmacological   Treatment 

 Specifi c treatments for sleep disturbance are 
available; however studies with PD and these 
conditions are scarce and hardly ever address this 
complaint. In fact, most studies related to treat-
ment of anxiety disorders with comorbid insom-
nia were conducted with generalized anxiety 
disorder and post-traumatic stress disorder. 

 Despite well-established pharmacological 
treatments for panic symptoms, persistence of 
sleep complaints is common and, therefore,    dis-
continuation of medication for comorbid chronic 
insomnia proves to be a diffi cult task.  Benzo-
diazepines (BDZ)      represent an advance by offer-
ing safer alternatives that demonstrated long-term 
benefi t, but they also showed problems of occa-
sional dependence and residual side effects. 
Nevertheless, attempts to slow tapering chronic 
use of BDZ in asymptomatic PD patients should 
be made. Nardi et al. [ 44 ] showed successful dis-
continuation of 3-years of more use of clonaze-
pam in patients with PD over the course of 
4 months with mild and transient withdrawal 
symptoms. However, although panic attacks 
might be remitted, the re-occurrence of sleep 
problems on the follow-up is common. In a study 
that intervened in the long-term use of benzodi-
azepines for the treatment of chronic insomnia, 
efforts to discontinue medication resulted in a 
high rate of return to the hypnotic over the 
2 years of follow-up [ 43 ]. 

 In the case of antidepressants, the improve-
ments of PD symptoms, commonly, do not refl ect 
into benefi ts of sleep complaints. Small but sig-
nifi cant change of the subjective quality of sleep 
might be noted, objective sleep parameters such 
as total sleep time and sleep onset latency remain 
unchanged [ 45 ]. Indeed, Todder et al. [ 46 ] found 
improvement of subjectively quality of sleep and 
persistence of objective parameter alterations in 
patients with PD treated with escitalopram. Also, 
the study did not found a correlation between 
clinical improvement and the changes in the 
sleep quality, suggesting that the mechanism 
associated to improvement of the sleep might be 
non-specifi c related to the reduction of panic 
attacks. In this way, antidepressants with sedative 

side effects might be helpful in patients with 
 anxiety who also report signifi cant comorbid 
insomnia [ 46 ]. 

 Mirtazapine is a noradrenergic and specifi c 
serotoninergic antidepressant with known seda-
tive effect. It has been studied in some uncon-
trolled and head-to-head studies (against active 
treatments), evidencing effi cacy in the remission 
of panic symptoms [ 47 ]. However, specifi c sleep 
parameters were not evaluated. Nevertheless, 
two case reports showed remission of insomnia 
with mirtazapine added onto selective serotonin 
reuptake inhibitors treatment [ 47 ,  48 ]. In this 
way, it is worth mentioning the use of antidepres-
sant trazodone (serotonin antagonist and reup-
take inhibitor) as a sleep-inducing medication, 
especially at lower doses [ 49 ]. Although, only 
two past studies showed limited or negative ben-
efi t on PD, the use of trazodone as an add-on 
therapy to mitigate sleep problems must be kept 
in mind, especially when BDZ use should be 
avoided [ 50 ,  51 ]. 

 Another possibility is agomelatine, an antide-
pressant with the novel mechanism of being a 
selective melatonergic MT1/MT2 receptor ago-
nist with serotonin 5-HT2c and 5-HT2b receptor 
antagonist activities [ 52 ]. Although still not fully 
elucidated, it seems that its melatonergic ago-
nism and its 5-HT2c antagonism could act syner-
gistically in the restoration of disrupted circadian 
rhythms [ 52 ]. So far, few studies evaluated the 
effi cacy of agomelatine in treating anxiety disor-
ders and sleep symptoms, mostly in generalized 
anxiety disorder. Overall, the use of agomelatine 
was associated with a larger improvement in sub-
jective sleep symptoms, including getting of to 
sleep, quality of sleep and sleep awakening [ 54 ]. 
Independently of the reduction of the anxiety 
symptoms. Fornaro et al. [ 55 ] discussed a possi-
ble benefi t of agomelatine in diminishing the 
need for benzodiazepines, which are highly pre-
scribed in patients with PD [ 53 ]. This effect of 
agomelatine could be a protective factor in reduc-
ing the risk of benzodiazepines abuse or depen-
dence, with the benefi t of improving sleep, being 
an off-label option in the treatment of PD, espe-
cially when the usual serotonin reuptake inhibi-
tors are not well-tolerated [ 56 ]. 
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 Finally, regarding  the   comorbidity between 
PD and OSA, consideration must be made regard-
ing the pharmacologic treatment of panic symp-
toms. In a PD patient with OSA symptoms such 
as sleep apnea episodes, if the clinician does not 
recognize the OSA, he could prescribe benzodi-
azepines. In this case the benzodiazepine could 
suppress the tonus of the upper airway respiratory 
muscles, making sleep apnea worse [ 15 ,  17 ]. On 
the other hand, when specifi c treatment for OSA 
is initiated, PD patients could have their symp-
toms diminished or disappeared with CPAP, a 
treatment that can suppress upper airway collapse 
during sleep with a pneumatic splint [ 17 ,  57 ].  

8.5.2      Psychological   Treatment 

 CBT is a short-term, multi-component psycho-
therapy, currently considered the treatment of 
choice for insomnia [ 58 ] and PD [ 59 ]. When 
these conditions co-occur, a CBT protocol that 
addresses both diffi culties: panic attacks and 
insomnia, is highly recommended [ 22 ]. Based on 
the most intense diffi culty for the patient (panic 
attack or insomnia), the treatment may begin 
with one target at a time or manage both at the 
same time. This decision will depend on the 
patient impairment and the therapist manage-
ment. The sessions are divided into goals and 
stages, adjusted to each patient; bellow are some 
concise outlines [ 58 – 60 ].

•     Step 1 : Sleep and PD education: Provides 
information about anxiety and sleep. The ther-
apists help the patients to identify dysfunc-
tional beliefs about panic attacks and sleep 
and correct them.  

•    Step 2 : Breathing and  relaxation   techniques: 
Helps the patients to drift off to sleep as well 
as deactivate the hyper stimulation of the 
autonomic nervous system. It is possible that 
NPAs patients will be too sensitive to a relax-
ation state similar to the one felt during sleep, 
avoiding this exercise. This should be accom-
plished when the patient feels ready.  

•    Step 3 : Behavioral changes: This behavioral 
phase use stimulus control and sleep restriction 
strategies to regularize the patient’s sleep/wake 

schedule and eliminate sleep incompatible 
behaviors in an effort to force the development 
of an effi cient consolidated sleep pattern. Some 
sleep hygiene orientations (sleep rules) are 
given: (1) To choose a wake up time; (2) not to 
entertain with activities while in bed; (3) not to 
stay in bed if not to sleep; (4) avoid daytime 
napping; (5) try not to worry with problems in 
bed and (6) go to bed when sleepy.  

•    Step 4 : Cognition restructuring: Targets mis-
appraisals of bodily sensations as threatening 
or dangerous, being the technique most used 
in CBT. The therapist helps the patient to 
identify and correct negative thoughts by 
evaluating evidence for and against them. 
Patients with insomnia often develop errone-
ous thoughts that worsen their diffi culties, 
such as “I’ll never get to sleep tonight;” “I’ll 
be a wreck tomorrow;” “I’ll get sick unless I 
sleep eight hours a night”. By the same way 
NPAs patients tend to anticipate the conse-
quences of their sensations, ultimately believ-
ing that that they will have a heart attack or die 
while sleeping.      

8.6     Conclusions 

 The importance of sleep in PD should not be 
underestimated. Nearly 80 % of PD patients com-
plain about disturbed sleep. In fact, this relation-
ship is so intimate that a subtype of PD with 
nocturnal symptoms is recognized. Indeed, due to 
the sudden arousal without an obvious trigger, 
NPAs are considered a severe form of PD that 
leads to anticipatory anxiety and sleep avoidance. 

 Several hypotheses attempt to explain the 
mechanisms related to the association between 
PD and sleep diffi culties. Regardless, in clinical 
practice, investigation of sleep problems in 
patients with PD is of extreme importance. 
Firstly, it can provide symptom relief to the 
patient and, secondly, the alleviation of sleep dis-
turbance can have a positive impact on panic 
symptoms. Additional, although not apparently 
related to the panic symptoms, clinical problems 
such should also be investigated, especially 
because treatment of one condition could affect 
the other one. Therefore, asking family members 
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about patient’s sleep or submitting patient to a 
polysomnography could help in the exclusion of 
differential diagnosis. 

 Although pharmacological treatment for PD 
is effective, remission of panic symptoms is 
commonly associated with persistence of sleep 
complaints, which makes it diffi cult to discon-
tinue medication. In this way, the review of dif-
ferent pharmacological strategies seen in this 
chapter, also showed the need of other non- 
pharmacological tools, such as the ones pre-
sented based on CBT, to address issues related to 
irrational thoughts, avoidance and sleep hygiene, 
considered main components for the patient’s 
improvement.     
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     Abstract  

  Panic disorder (PD) is a multifactorial disease 
and despite being the anxiety disorder with 
higher heritability, the underlying genetic 
basis of this disorder remains poorly eluci-
dated. Several candidate genes have been 
described so far, but they generally are charac-
terized by small sample sizes, have small 
effects, lack replication and translational 
models. Initial attempts to perform genome-
wide association studies (GWAS) in PD did 
not lead to signifi cant results nor were con-
fi rmed in subsequent studies. These facts 
serve to call attention to the PD, as other psy-
chiatric disorders, is likely to be a multigenic 
and heterogeneous disease, with small-effect 
alleles that do not reach genome-wide signifi -
cant results. Moreover, even presenting a 
polygenic basis, future genetic studies for PD 
should comprise large-scale multicenter stud-
ies under international collaboration in order 
to obtain represen tative samples. Still, the 
techniques of next generation sequencing – 
which are already dominating the fi eld in 
other psychiatric disorders – aim to reveal the 
common and rare genetic variants associated 
with the PD. With a lifetime prevalence of 
approximately 4 % and outlined endopheno-
types (i.e. carbon dioxide sensitivity), a better 
understanding of the genetic basis and bio-
logical mechanisms underlying PD is very 
important.  
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9.1       Introduction 

  Panic disorder (PD)   is a multifactorial disease 
likely involving biological, psychological, 
survival- related evolutionary factors and the 
interaction of all of the above factors. To under-
stand the contribution of genetic factors in the 
etiology of a condition of interest, some resources 
from clinical genetics are frequently used, like 
family studies, twin studies, adoption studies and 
segregation studies. For instance, family studies 
of PD support a pattern of familial aggregation 
indicating that the disease runs in families. In 
a comprehensive meta-analysis [ 1 ] the results 
showed a signifi cant association between PD in 
the probands and in their fi rst-degree relatives 
(summary odds ratio of the studies taken into 
account: 5.0; 95% CI: 3.0–8.2). The estimated 
relative risk to siblings of PD probands is fi ve- to 
tenfold higher than the population risk, and the 
heritability of PD is 0.48 [ 1 ]. 

 Twin studies comprise monozygotic and dizy-
gotic ones. One could assume that the correlation 
(C) should be 1 or 100 % for  monozygotics (MZ)   
and 0.5 or 50 % for  dizygotics (DZ)  . But what is 
generally found is a different condition (p.ex., 
height – C MZ : 0.94 and C DZ : 0.44; bipolar disor-
der – C MZ : 0.79 and C DZ : 0.24; measles – C MZ : 
0.95 and C DZ : 0.87) [ 2 ] . The difference of con-
cordance between monozygotic and dizygotic 
twins is used to estimate the heritability. Indeed, 
when the difference is large means that exists a 
great role of genes in determining the condition 
(as we can observe in both examples of height 
and bipolar disorder). Hettema et al. [ 1 ] in their 
meta-analysis pointed out the estimate heritabil-
ity for PD to be 43 %. For illustration, Fig.  9.1  
depicts the estimate heritability of  psychiatric 
diseases   [ 3 ]. In addition, Kendler and Myers [ 4 ] 
have recently highlighted that disorders that opti-
mally index the genetic liability to externalizing 

and internalizing disorders in the general popula-
tion differ signifi cantly in relation to gender. PD 
accounted for the largest sex difference in their 
review, demonstrating a much better index for 
genetic risk in women than in men (heritability in 
males: 21 %; heritability in females: 96 %). See 
Fig.  9.1 .

   Segregation studies also consistently confi rm 
a genetic component to transmission of PD, but 
they had not supported any specifi c mode of 
inheritance. While some studies have suggested a 
dominant transmission pattern, others have found 
support for both dominant and recessive modes. 
In this way, segregation studies in PD have not 
found a pattern of inheritance according to 
 Mendelian rules  , indicating that PD, as like the 
whole  psychiatric disorders  , are complex genetic 
disorders raised by an interaction of many factors 
such as polygenic and environmental factors. 

 The great majority of molecular studies con-
ducted on PD still consist of linkage and candi-
date gene association studies. A summary of the 
main fi ndings, advantages and pitfalls are detailed 
elsewhere. Unlike other psychiatric diseases – 
schizophrenia, bipolar disorder, major depression 
disorder, autism and attention defi cit hyperactive 
disorder – genetics research in PD is still at the 
beginning. One of the barriers leading to this sce-
nario could be the complex nature of PD pheno-
type. First of all, we have to remember that PD is 
characterized by increased pattern of comorbidi-
ties with medical and psychiatric conditions. 
Second, a decade of research trying to highlight 
the commonalities and differences between panic 
and fear has not reached a consensus yet. The 
main repercussion that comes out is a fuzzy phe-
notype defi nition. And last, but not least, we cur-
rently have disparities in funding and advocacy 
leading the fi eld of panic disorder to be behind 
other mental health diseases [ 5 ].  

9.2        Linkage Studies 

 Many linkage methods dating from the mid-1900 
were performed to analyze genetic data from 
populations with rare traits. However, rare traits 
are usually infl uenced by a major gene or high 
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penetrant condition what does not seem to occur 
in complex disorders like PD. Therefore, the 
detection sensitivity of linkage studies conducted 
in PD is low, due to the small individual effect of 
single genes. Moreover, these studies give an 
approximate chromosomal location of the gene 
related to an inherited phenotype. Using affected 
pedigrees, the rationale is if a marker signifi -
cantly co-segregates with the disease then the 
region around this marker contains genes confer-
ring a disease risk. These studies use the  loga-
rithm of the odds (LOD)  , which is based on the 
number of estimates of recombination frequency. 
A LOD score greater than 3.0 is considered  sig-
nifi cant  (indicating that a thousand to one in 
favor of genetic linkage) and a LOD score greater 
than 1.9 is considered  suggestive  [ 6 ]. 

 Webb et al. [ 7 ] performed a meta-analysis of 
Genome Wide Linkage Scan on independent 
samples of Neuroticism and Anxiety (two stud-
ies of panic disorder and one using a ‘broad anx-
iety’ defi nition). The data comprised 5341 
families encompassing 15,529 individuals (the 
anxiety sample consisted of 718 subjects from 
162 families). Rank based genome scan was 
used to analyze each trait separately and com-
bined. They presented the results for 10 CM 

intervals and unweighted  genome scan meta-
analysis (GSMA) approach  . The analysis for 
anxiety identifi ed nominal signifi cance (p < 0.05) 
for regions on chromosomes 1, 2, 5, 9, 11, 15, 16 
and 22. Chromosome 1 was correlated to both 
phenotypes, being nominally signifi cant. The 
authors hypothesized that this region harbors 
genes broadly underlying anxiety susceptibility. 
Lin kage evidence for a broad phenotype “panic 
disorder + bipolar disorder” has been obtained on 
chromosomes 2q (lodscore = 4.6) and 12 
(lodscore = 3.6), under a dominant model of 
inheritance [ 27 ]. Descriptions of linkage on 
chromosome 2p, 2q, 9p, 12 and 15q (near 
GABA-A receptor subunitor genes) among fam-
ilies with PD have been consistently found on 
the scientifi c literature [ 8 ].  

9.3        Candidate Gene Association 
Studies 

 This approach has been the major source of 
investigations and the available published data in 
PD. These studies are based on association para-
digm using case-control and/or family based 
analysis. Although they have stronger power than 
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  Fig. 9.1    Heritability estimates (h 2 ) for mood and anxiety 
disorders. Adapted from Bienvenu et al. [ 3 ], Stein et al. 
[ 25 ] and Kendler et al. [ 26 ].  BD  Bipolar Disorder,  Ago  
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linkage studies to identify loci associated to 
 complex diseases, there are important pitfalls that 
should be taken into account when facing those 
studies. 

 So far, candidate genes have been identifi ed 
on the basis of our current knowledge regarding 
the pathophysiology of panic  disorder  . There are 
more than 360 candidate genes currently investi-
gated to be associated with PD [ 9 ,  10 ]. Despite 
this huge number, only a small number has been 
replicated and only a handful has dealt with sam-
ple sizes higher than 200 subjects. In addition, 
the results are nominally signifi cant or even pres-
ent a trend but are often uncorrected for multiple 
comparisons. Out of 364 genes, only about 56 
presented with positive associations [ 10 ,  11 ]. 
Due to all of these conditions, the results of can-
didate genes association studies in PD seem not 
to be robust and indicate that most of the candi-
date studies are not likely to have a main role in 
the susceptibility to this disorder. 

 The genes that have been more consistently 
studied are cholecystokinin (CCK), cholecysto-
kinin B receptor (CCKBR), 5- hydroxytryptamine 
receptor 2A (HTR2A), solute carrier family 
6 (neurotransmitter transporter), member 4 
(SLC6A4), adenosine A2a receptor (ADORA2A), 
catechol-O-methyltransferase (COMT) and mono-
amine oxidase A (MAO). The most recent data is 
for transmembrane protein 132D ( TMEM132D)      
[ 12 ], acid-sensing (proton gated) ion channel 1 
(ASIC1) [ 13 ],  gamma- aminobutyric acid 
(GABA)   A receptor, alpha 5 (GABRA5) and 
gamma-aminobutyric acid (GABA) A receptor, 
beta3 (GABRB3) [ 14 ]. The function of 
TMEM132D still remains to be confi rmed but 
there is suggestion of its involvement in neuronal 
sprouting and brain connectivity [ 12 ]. The 
amiloride-sensitive cation channel 2 gene 
( ACCN2)      is the human ortholog of Asic1a and is 
highly expressed in the amygdala [ 13 ]. In a case- 
control study, the authors observed an increased 
effect of ACCN2 alleles on early-onset PD and 
on the respiratory subtype of PD. In this way, 
they speculate that ACCN2 variants may lead to 
PD risk by lowering the threshold for amygdala 
sensing of acidosis [ 13 ].    The study of Hodges 
et al. [ 14 ] found additional support for  association 

between PD and the region of the  GABRB3   and 
 GABRA5   genes in both United States and 
Sardinian families, and a number of novel 
sequence variants in the region of these two 
genes among PD probands. They also found sup-
port for the  genetic   contribution to GABRB3 
expression, which may suggest a regulatory 
mechanism for the hypothesized GABAergic 
dysregulation in PD [ 14 ].  

9.4        Genome Wide Association 
Studies 

 The fi rst  genome-wide association study (GWAS)   
in PD was a Japanese study conducted among 
200 subjects with PD and 200 controls [ 15 ]. All 
of the included subjects had a Japanese ascen-
dant. None of the initial nominal association fi nd-
ings were replicated in the subsequent study, with 
a sample size comprising 558 cases and 566 con-
trols [ 16 ]. A meta-analysis of these two Japanese 
studies (718 cases/1717 controls) followed by 
a replication analysis (329 cases/861 controls) 
found no signifi cant genome-wide results [ 17 ]. 
Evidence emerging from this study support the 
involvement of the previous candidate gene 
NPYSR (4q31.3-32; p = 6.4 × 10 −4 ). In a genome-
wide scan using microsatellite markers among 
PD patients and controls, from the isolated popu-
lation of the Faroe Islands, Gregerson et al. [ 18 ] 
found evidence for the amiloride- sensitive cation 
channel 1 (ACCN1) – located on chromosome 
17q11.2-q12 – as a potential candidate gene for 
PD. Further analyses of the ACCN1 gene using 
single-nucleotide polymorphisms ( SNPs)      reve-
aled signifi cant association with PD in an 
extended Faroese case-control sample. However, 
the authors were not able to replicate the fi ndings 
in a larger and independent Danish case-control 
sample and concluded that possible risk alleles 
associated with PD in the isolated population are 
not those ones involved in the development of 
PD in a larger outbred population. A Japanese 
study evaluated genome-wide copy number vari-
ation association in PD [ 19 ] and detected positive 
results for duplications in the peri-centromeric 
region in the chromosome 16p11.2. Nevertheless, 

F.L. Lopes

mp2285@cumc.columbia.edu



165

the association level was borderline, the results 
were not replicated, translational validation still 
lacks and though, additional confi rmation studies 
are needed [ 20 ]. 

 Among a sample consisting of 1001 European 
American bipolar cases and 1034 controls, a 
GWAS was conducted throughout bipolar related 
phenotypes. Thus, in the panic attack-adjusted 
analysis, top- ranking   SNPs included rs599845 in 
a protein-coding region of SGOL1. Although this 
result has never been associated with PD before, 
it had already been linked to temperament traits 
in bipolar disorder. The results in this study did 
not reach genome-wide signifi cance [ 21 ]. 

 The most robust results are for the transmem-
brane protein gene 1342D located on chromo-
some 12. This GWAS was initially conducted in 
MaxPlanck and expanded with the Consortium 
of Panic, totaling 2678 PD cases and 3262 con-
trols. A correlation with European ancestry was 
detected and the results were  not   replicated in the 
Japanese population. The results involving the 
transmembrane protein gene 1342D were further 
validated in animal models with greater anxiety 
associated with increased expression of mRNA 
TMEM in the anterior cingulate cortex. In 
humans, associations with increased expression 
in the frontal cortex in postmortem brains have 
been reported [ 12 ].  

9.5     Other Genetics Studies 

    A study conducted by the Spanish team analyzed 
the involvement and regulation of micro-RNAs 
(mi-RNA) in candidate genes for PD. They used 
712 SNPs covering 325 regions of mi-RNAs in a 
sample of 203 subjects with PD and 341 controls. 
The strongest associations occurred for two SNP: 
rs6502892 tagging miR-22 (p < .0002) and 
rs11763020 tagging miR-339 (p < .00008), 
although such associations have not survived 
after multiple corrections. Replications in Finnish 
and Estonian samples did not support these asso-
ciations.    Functional studies have shown that 
miR-22 regulates the four candidate genes of 
PD – BDNF, HTR2C, MAOA and RGS2 [ 22 ]. 
Though preliminary, such data may call attention 

to further studies of mi-RNAs and/or the involve-
ment of regulatory regions in the etiopathological 
basis of PD. 

    Epigenetic studies are also scarce in the fi eld 
of PD. Domschke et al. [ 23 ] investigated DNA 
methylation patterns in the regions of glutamate 
decarboxylases – GAD1 and GAD2 promoter 
and GAD1 intron 2 – to be associated with PD. To 
this end, 65 subjects with PD and 65 controls 
were analyzed. PD patients exhibited signifi -
cantly lower average GAD1 methylation than 
healthy controls, particularly at three CpG sites 
in the promoter as well as in intron 2. The authors 
point to a potentially compensatory role of GAD1 
gene hypomethylation in PD probably mediating 
the infl uence of negative life events. 

 Recently, Sasaki’s team [ 24 ] performed a 
pathway analysis from the SNPs data genotyped 
for GWAS and converted to genes associations. 
They performed three different types of pathway 
analysis and each one showed that those path-
ways related to immunity had the strongest asso-
ciation with PD. The authors focused on and 
investigated HLA-B and HLA-DRB1 as candi-
date susceptibility genes for PD. Therefore, 744 
PD subjects and 1418 controls were typed for 
HLA-B and HLA-DRB1. It came out that patients 
with PD were signifi cantly more likely to carry 
HLA-DRB1*13:02 (p = 2.50 × 10 −4 , odds ratio = 
1.49).  This   study provided initial evidence that 
genes involved in immune related pathways are 
associated with PD.  

9.6     Conclusion 

 Studies of PD molecular genetics are at a prelimi-
nary stage compared to other pathologies with 
greater investment in the fi eld of research and 
development, such as schizophrenia, depression 
and bipolar disorder. Despite being the anxiety 
disorder with higher heritability, the underlying 
genetic basis of PD remains poorly elucidated. 
Several candidate genes have been reported pre-
senting, in some way, a disappointing result. 
Small sample size (N < 200, largely) with only 
small effects that fail replication have been 
almost the rule than exception, dominating thus 
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the scientifi c literature of such studies. Initial 
attempts to perform GWAS in PD did not lead to 
signifi cant results nor were confi rmed in subse-
quent studies. These facts serve to call attention 
to the PD, as in other psychiatric disorders, is 
likely to be a multigenic and heterogeneous dis-
ease, with small-effect alleles that does not reach 
genome-wide signifi cant results. Moreover, even 
presenting likely a polygenic basis future delin-
eations for panic disorder comprise larger-scale 
multicenter studies under international collabora-
tion in order to obtain a representative sample. 
Still, the techniques of next generation sequenc-
ing – which are already dominating the fi eld in 
other psychiatric disorders – aim to reveal the 
common and rare genetic variants associated 
with the PD. With a lifetime frequency of approx-
imately 4 % and outlined endophenotypes (i.e. 
carbon dioxide sensitivity), a better understand-
ing of the genetic pathways interactions and bio-
logical mechanisms underlying PD became very 
important.     
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     Abstract  

  The present chapter systematically reviews 
the relationship between panic disorder, with 
and without co-occurring anxiety or depres-
sion, and current personality disorder. Data 
were collected with an advanced document 
protocol according to MOOSE (Meta-analysis 
of Observational Studies in Epidemiology) 
guidelines for observational studies. A com-
prehensive, computerized literature search 
was conducted in Medline, PsycINFO, and 
LILACS. Cohort, case-control and cross-sec-
tional surveys studies evaluating the comor-
bidity between DSM panic disorder and 
personality disorders were included. Overall 
prevalence, comorbidity rates, and 95 % CI 
were calculated with a random effects model. 
From 97 initial selected papers, 24 entered in 
the review. Among patients with a current 
DSM- III/R/IV panic disorder, 44.3 % (34.6–
54.2 %) had any personality disorder; 6.3 % 
(3.1–10.4 %) had cluster A; 17.9 % (12.2–
24.2 %) cluster B, and 34.9 % (25.6–44.7 %) 
had cluster C. Among patients with a current 
panic disorder and co-occurring  anxiety or 
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depression, 61.8 % (44.6–77.7 %) had any per-
sonality disorder, 7.2 % (4.4–10.5 %) had 
cluster A; 24.0 % (17.6–30.9 %) cluster B, and 
38.6 % (25.7–52.2 %) had cluster C. In con-
clusion, comorbidity between panic  disorder 
and personality disorders is common. Cluster 
C was the most frequent personality  disorder 
subtype related to panic disorder. Personality 
disorders were more prevalent among indi-
viduals with panic disorder and co-occurring 
anxiety or depression.  

  Keywords  

  Panic disorder   •   Personality disorder   
•   Systematic review   •   Depression comorbidity   
•   Cluster A   •   Cluster B   •   Cluster C   •   Treatment 
non-responders  

10.1       Introduction 

10.1.1      Epidemiological Data   of Panic 
Disorder 

 Panic disorder is an anxiety disorder character-
ized by unexpected and repeated episodes of 
intense fear accompanied by physical symptoms 
that may include chest pain, heart palpitations, 
and shortness of breath, dizziness, or abdominal 
distress. Panic attacks usually produce a sense of 
unreality, a fear of impending doom, or a fear of 
losing control [ 1 ]. 

 The estimated current prevalence rate for 
panic disorder is about 1–5 % of the adult popula-
tion [ 2 ]. In the National Epidemiologic Survey 
on Alcohol and Related Conditions, the overall 
12-month and lifetime prevalence rates for panic 
disorder (with or without agoraphobia) were 
2.1 % and 5.1 %. The 12-month and lifetime 
prevalence rates for panic disorder with agora-
phobia were 0.6 % and 1.1 %, while the corre-
sponding rates for panic disorder without 
agoraphobia were 1.6 % and 4.0 %. Agoraphobia 
without panic disorder was uncommon (12- 
month prevalence 0.05 %; lifetime prevalence 
0.17 %) [ 3 ]. 

 Female gender, low socioeconomic status, and 
anxious childhood temperament are common 
risk factors for panic disorder. Panic disorder can 
produce marked distress and impairment, and is 
associated with signifi cant suicide risk. Panic 
disorder appears to increase risk for all-cause 
mortality because it may increase risk for cardio-
vascular disease [ 2 ,  4 ].  

10.1.2     Panic Disorder 
 and Comorbidity   

 The diagnosis is frequently associated with other 
comorbid axis-I psychiatric disorders, especially 
with depressive and other anxiety disorders [ 5 ]. 
Moreover, panic disorder can also co-occur with 
comorbid axis-II psychiatric disorder, resulting in 
the diagnosis of personality disorder [ 6 ]. 
A personality disorder is a persistent and mal-
adaptive pattern of internal experience and behav-
ior, that have their beginning in the adolescence or 
fi rst adult age, and that causes signifi cant malaise 
or deterioration in the activity of the individual 
[DSM-IV]. Currently, personality disorders con-
stitute an important medical and social pattern, 
shown by a high prevalence (10–15 % in general 
population and until 50 % in psychiatric patients), 
as well as the personal repercussions and partner- 
relatives who tolerate [ 7 ]. Although personality 
disorders have been defi ned catego rically through-
out the history of psychiatric nomenclatures, the 
DSM-5 Personality and Personality disorders 
Work Group proposed a substantial shift to a 
dimensional conceptualization and diagnosis of 
personality pathology [ 8 ]. The DSM-5 gives a 
categorical classifi cation of personality disorders, 
grouped into three clusters (2013) [ 9 ]. 

 The repercussion of personality disorders in 
panic disorder has been evaluated in different stud-
ies, suggesting that this comorbidity is associated 
with a greater severity of the symptoms of panic 
disorder [ 10 ], and also with a greater prevalence of 
comorbid agoraphobia [ 11 ]. Thus, the degree of 
fear and phobia is usually more pronounced in 
patients with axis II comorbidity, as is the level of 
general psychopathology [ 10 ,  12 ]. This is also 
refl ected in health care cost analyses, showing that 
axis II personality disorder patients represent a 
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markedly higher economic burden to the health 
care system than for example patients with depres-
sion and anxiety [ 13 ]. Moreover, having a person-
ality disorder represents a strong  vulnerability 
factor for developing other axis I disorders [ 14 ]. 

 Moreover, treatment of  comorbid personality 
disorder   is normally more complex and has less 
favorable outcomes for panic disorder patients 
[ 15 – 17 ], higher drop-out rates [ 18 ], less positive 
patient expectations [ 19 ], and more challenges 
establishing a durable and fl exible therapeutic 
alliance [ 19 ,  20 ]. Patients with cluster A or clus-
ter B also appear to have a poorer treatment 
response than cluster C patients [ 21 ,  22 ]. Also, 
the degree of comorbid psychosocial impairment 
depends on the type of personality disorder. 
A higher degree of impairment seems to exist 
among schizotypal and borderline patients than 
 among   obsessive-compulsive or avoidant per-
sonality disorder patients [ 23 ].  

10.1.3     What We Know 
About the Association 
Between Panic  Disorder   
and Personality Disorders 

 Several studies of general associations between 
personality disorder and panic disorder have 
been published [ 6 ,  11 ,  14 ,  24 ]. The general con-
clusions from these reviews point out that the 
comorbid personality disorder among patients 
with a panic disorder diagnosis vary consider-
ably, but the proportions of avoidant, dependent 
and compulsive (cluster C) personality disorders 
are the highest. These proportions are smaller in 
the schizoid, schizotypal and paranoid (cluster A) 
as well as the dramatic, borderline and anti-social 
personality disorders (cluster B). 

 Very few systematic reviews and meta- 
analyses on  comorbidity   between Axis II and 
anxiety disorders in general have been pub-
lished. There is one previous systematic review 
and meta-analysis by Borenstein [ 25 ] that spe-
cifi cally focuses on examining  comorbidity   with 
dependent personality disorder. The ratio var-
ied considerably between diagnostic groups of 
anxiety disorder, with panic disorder, obsessive- 
compulsive disorder, agoraphobia, and social 

phobia showing a higher prevalence of personal-
ity disorders, while generalized anxiety disorder 
and post-traumatic stress disorder showed no 
relationship between both. The study was also 
criticized [ 26 ] for using a personality disorder 
rather than an anxiety disorders as the main 
inclusion criteria. More recently, Friborg et al. 
[ 27 ] performed a systematic review and meta-
analysis to identify the proportions of  comorbid 
personality disorder   across the major subtypes of 
anxiety disorders. The rate of any comorbidity 
in Axis II was high across all anxiety disorders, 
ranging from 35 % for post-traumatic stress dis-
order to 52 % for obsessive-compulsive disorder. 
Globally, cluster C occurred more than twice 
as often as cluster A or B. Within cluster C, the 
avoidant personality disorder occurred most fre-
quently, followed by the obsessive-compulsive 
and the dependent subtype. Gender or duration 
of an anxiety disorder was not related to varia-
tion in personality disorder  comorbidity  . 

 In this chapter we undertook  a   systematic 
review, and meta-analysis when possible, of 
 clinical observational studies, to summarize the 
relationship between personality disorders, and 
prevalence of panic disorder with and without 
anxiety or depression. The lack of previous sys-
tematic reviews or meta-analyses using  panic 
disorder   as the primary inclusion criteria was the 
main reason for the present study.   

10.2     Methodology of the Review 

10.2.1      Studies   

 For this review, we considered all relevant cohort, 
case-control and cross-sectional survey studies 
that evaluate the comorbidity between panic dis-
order and personality disorders.  

10.2.2      Search Strategy   

 Data were collected with an advanced document 
protocol according to MOOSE (Meta-analysis of 
Observational Studies in Epidemiology) guide-
lines for observational studies [ 28 ]. A com-
prehensive, computerized literature search was 
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conducted in Medline (1984–Jan 2012); 
EMBASE (1984–Dec 2014); PsychLIT (1984–
Dec 2014); CINAHL (1984–Dec 2014); and 
LILACS (1984–Dec 2014), for studies in humans 
of the association between panic disorder and 
personality disorders. Our search terms included 
any combination of the key words “panic”, 
“panic disorder”, “personality”, “personality 
 disorder”, “depression”, and “comorbidity”. We 
also reviewed reference lists of the identifi ed 
studies and review articles to search for addi-
tional studies.  

10.2.3      Data Extraction   

 The titles and abstracts were examined, and full- 
text articles of potentially relevant studies were 
obtained. Subsequently,  inclusion and exclusion 
criteria   were applied, and the selected articles 
were included in this systematic review. 

 Data was extracted from each study using a 
standardized spreadsheet. Information extracted 
included the following: title, author, year of 
 publication, study design, sample size, age, sex, 
methods of interview, panic disorder diagnose, 
comorbid DSM (III, IV, IV-R) diagnoses, person-
ality disorder diagnose, duration of panic 
 disorder, and onset of panic disorder. We also 
extracted the N, % of any cluster personality dis-
order, and we calculated the 95 % confi dence 
interval. 

 Two  clinical   researchers (RN, and EE), a psy-
chiatrist and psychologist, performed each step in 
this literature research, study identifi cation, study 
selection, and data extraction. Disagreements 
were resolved by discussion, and consensus was 
achieved in the selection of articles for analysis.  

10.2.4      Inclusion and Exclusion 
Criteria   

 The inclusion criteria were clinical studies of 
subjects diagnosed with panic disorder using the 
Structured Clinical Interview for DSM-III, DSM- 
III- R or DSM-IV (SCID-I) [ 29 – 31 ] irrespective 
of gender, race, age, or nationality. All study 

 participants also had to be diagnosed with 
 categorical personality disorder using the 
Structured Clinical Interview for DSM-IV 
(SCID-II) [ 32 ]. 

 The exclusion criteria were studies with 
patients with another axis I comorbidity, except 
other anxiety disorder or depressive disorders, 
and studies where panic disorder diagnose was 
secondary to medical or substance use pathology. 

 Studies were also excluded if they were not 
published as full reports, such as conference 
abstracts and letters to editors; or if N/% was not 
used in measuring the prevalence of personality 
disorders. If multiple published reports were 
available from the same study, we included only 
the one with the most detailed information on the 
relationship in question. Studies which evaluated 
only a subtype of personality disorder were also 
excluded.  

10.2.5      Statistical Analysis   

 Cross-tabulations were used to calculate overall 
prevalence and comorbidity rates with a random 
effects model. Standard errors and 95 % confi -
dence limits were estimated.   

10.3      Results   

 Using keywords, 448 articles were identifi ed 
and titles and abstracts were examined. At this 
stage, 351 articles were eliminated because they 
did not meet the selection criteria  a priori . We 
obtained 99 potentially relevant papers, which 
were thoroughly examined. Twenty-four articles 
were rejected because they failed to meet inclu-
sion criteria [ 11 ,  22 ,  33 – 54 ], 45 met exclusion 
criteria for comorbidity [ 22 ,  45 ,  46 ,  50 ,  55 – 68 ], 
no having a structured clinical diagnosis [ 33 ,  41 , 
 44 ,  69 – 76 ], no measuring in N/% [ 45 ,  77 – 80 ], 
multiple published reports [ 56 ,  81 – 86 ], partial 
inclusion of personality disorders [ 45 ,  57 ,  61 , 
 64 ,  82 ,  87 ], no specifi cation of axis-I comorbid-
ity [ 88 ], or because of language restriction [ 89 ]; 
were letters or reviews [ 43 ,  75 ,  90 – 95 ] (Fig.  10.1  
shows the fl ow chart). We fi nally selected 24 
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published studies, 16 evaluating the comorbid-
ity between panic disorder and personality dis-
orders [ 16 ,  17 ,  24 ,  86 ,  96 – 107 ], or eight between 
panic disorder and co-occurring major  depres-
sion and personality disorders   [ 10 ,  68 ,  97 ,  102 , 
 103 ,  107 – 109 ], using the Structured Clinical 
Interview for DSM-III, DSM-III-R or DSM-IV 
(SCID-II).

   Table  10.1  presents the characteristics of the 
selected studies of panic disorder patients and 
comorbid personality disorder [ 16 ,  17 ,  24 ,  86 , 
 96 – 107 ], and Table  10.1  of panic disorder patients 
with co-occurring  depression and comorbid 
 personality disorder   [ 10 ,  68 ,  97 ,  102 ,  103 , 
 107 – 109 ].

   Table  10.2  shows the overall prevalence and 
its 95 % confi dence interval of the selected stud-
ies of panic disorder patients and  comorbid per-
sonality disorder  , and Table  10.3  of panic disorder 
patients with co-occurring depression and comor-
bid personality disorder.

10.4          Discussion 

10.4.1     Evidence-Based on the Review 

10.4.1.1     Panic Disorder 
and Comorbid Personality 
Disorder 

 This systematic  review   confi rms that the comor-
bidity between panic disorder with or without 
 depression and personality disorder      was com-
mon. Personality disorders were more prevalent 
among individuals with panic disorder and co- 
occurring depression. Furthermore, the asso-
ciations between panic disorder alone or with 
co-occurring anxiety or depression and Axis II 
disorder were all high. The study confi rms that 
between panic patients with a personality disor-
der, cluster C personality disorder was more fre-
quently associated with panic disorder than with 
other personality disorders. 

Failed to meet
inclusion criteria*

N=24

Met exclusion
Criteria**

N=45

Potential relevant studies
N=99

Letters
Reviews

N=6

Final selected
N=24

Panic disorder &
personality disorders

N=16

Panic disorder & depression
& personality disorders

N=8

  Fig. 10.1    Flow-chart of 
studies selection       
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 This association may suggest some phenotypic 
similarities between personality traits and fea-
tures of a panic disorder with or without co- 
occurring depression. However, since our study 
included clinical samples, it must be considered 
that a selection bias may operate to bring about a 
greater frequency of personality disorders among 
panic disorder patients who seek treatment (and, 
possibly, vice versa – a greater frequency on 
panic disorder among personality disordered 
patients who seek treatment). Nevertheless, epi-
demiological studies found similar results [ 3 ], 
showing that among individuals with a current 
mood or anxiety disorder, nearly half had at least 
one personality disorder. Moreover, the potential 
of anxiety-state confounding effect during the 
assessment of personality disorder trait measure-
ment must be considered. Personality disorder 
traits do appear to lessen in response to  treatment   
of panic disorder [ 11 ,  17 ], suggesting that state- 
trait confounding may occur in acute anxiety 
states.  

10.4.1.2      Cluster C   Personality 
 Disorder   

 Cluster C personality disorder was the personal-
ity disorder most frequently associated with 
panic disorder. This could mean that avoidant, 
dependent and obsessive personalities may 
 predispose to panic or agoraphobia in greater 
 proportion than other types of personality disor-
ders. Nevertheless, early panic symptoms may 
shape personality, and enhance avoidant, depen-
dent or obsessive tendencies. In this sense, in a 
longitudinal study of Bienvenu et al. [ 11 ] using a 
cohort of a community sample, baseline  timidity  
(avoidant, dependent, and related traits) predicted 
fi rst- onset panic disorder or agoraphobia over the 
follow-up period beyond 10 years. These results 
suggest that avoidant and dependent personality 
traits are predisposing factors, or at least markers 
of risk, for panic disorder and agoraphobia, and 
not simply epiphenomena or consequences of 
panic attacks. Furthermore, an avoidant personal-
ity easily intensifi es primary anxiety problems 
due to the loss of exposure to potentially correc-
tive experiences constricting mobility and social 
participation of patients with a panic disorder. 

A dependent personality disorder, if present, may 
develop an undue reliance of the patient on 
another person, hence representing a safety 
behavior strategy. The undue reliance also affects 
reciprocity in relationships with other people, 
which over time constrict the social network [ 27 ]. 
The result  is   also in concordance with epide-
miological studies that found similar rates of 
 comorbid cluster C personality disorder in 
patients with panic disorder [ 3 ,  110 ].  

10.4.1.3      Cluster B   Personality 
 Disorder   

 Cluster B personality disorder was the second 
cluster more frequently associated with panic 
disorder in our review. This represents a slightly 
greater prevalence compared to that reported in 
epidemiological studies. For example, in the 
National Comorbidity Survey Replication (NCS- 
R) in the USA [ 111 ], the percentage of respon-
dents with panic disorder diagnosis who met 
criteria for any cluster B personality disorder was 
10.4 % [4.3], and the percent of respondents with 
a cluster B personality disorder who met criteria 
for a panic disorder diagnostic was 14.4 % [4.3], 
compared to the 17.9 % of the comorbidity 
observed in our review. In the national sample, 
any personality disorder, two or more personality 
disorders, borderline, and schizotypal personality 
disorder robustly predicted the persistence of 
panic disorder and other types of anxiety 
 disorders over 3 years, consistent with the results 
of recent prospective clinical studies [ 112 ]. 

 It is possible that patients with a cluster B 
personality disorder seek further treatment 
when they have panic attacks. In fact, it has 
been described that especially patients with a 
borderline cluster B personality disorder have 
more intense panic attacks, and also attract a lot 
more attention and concern from others. It is 
also regarded as the single personality disorder 
with the poorest prognosis for a successful 
treatment of a panic disorder [ 113 ]. In this 
review, since most of the included studies did 
not investigate the intensity of panic attacks, the 
relationship between  the   intensity of panic 
attacks and the type of personality disorder was 
not assessed.  
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10.4.1.4      Cluster A   Personality 
 Disorder   

 Higher associations were observed between 
Cluster A and several mood and anxiety disorders 
in epidemiological studies [ 110 ]. Prevalence of 
multiple imputed DSM-IV/IPDE personality dis-
orders with a 12-month DSM-IV/CIDI panic dis-
order diagnostic in the Part II NCS-R was 15.7 % 
for cluster A. Specifi cally, paranoid and schizoid 
personality disorders were strongly related to 
panic disorder with agoraphobia. Panic disorder 
without agoraphobia was signifi cantly associated 
with schizotypal personality disorder among men 
but not with women [ 114 ]. In our review, cluster 
A was the cluster with the lowest prevalence 
among patients with panic disorder, being 6.3 %. 
In a recent research on cluster A personality 
pathology in social anxiety disorder compared to 
panic disorder, patients with social anxiety disor-
der had more cluster A personality pathology 
than patients with a panic disorder, with the most 
solid indication for paranoid personality pathol-
ogy [ 115 ]. The paranoid items were answered 
positively by 22–56 % of participants with social 
anxiety disorder, compared to 18–40 % of partici-
pants with panic disorder. As for the schizotypal 
dimension, more variation occurred, with num-
bers of 2–89 % in participants with social anxiety 
disorder, and 1–52 % in participants with panic 
disorder. Personality psychopathology should be 
assessed and addressed in treatment for all 
patients with a panic disorder.   

10.4.2     Nature of the Relationship 
Between Panic  Disorder   
and Personality Disorder 

 Taken together, these results suggest that panic 
disorder is generally comorbid with personality 
disorder. The nature of the relationship is not 
clear, and cannot be determined through a cross- 
sectional assessment. The studies we included in 
the review diagnosed personality disorder using a 
retrospective clinical interview. It is possible that 
personality disorders are risk factors for panic 
disorder alone or with comorbid conditions such 

as depression. Panic disorder and some subtypes 
of personality disorders may give different 
 manifestations of the same underlying disease 
processes. It is also possible that personality dis-
orders give secondary complications to having 
panic disorder beginning in early adulthood or 
before. 

 Assessing differences among individuals with 
panic disorder and/or co-occurring comorbidi-
ties, such as depression and the presentation of 
specifi c personality disorder, might shed greater 
light on environmental factors that may interact 
with genetic factors to determine the phenotypic 
expressions of personality disorder and panic 
disorder. 

 Although it has been assumed that the high 
prevalence between panic disorder and personal-
ity disorders is especially high in Cluster C, there 
are scarce studies that have evaluated this rela-
tionship in  a   systematic manner and through 
 clinical interviews.  

10.4.3     Impact of  Personality   on Panic 
Disorder 

 Another important question is the effect of per-
sonality traits on panic disorder outcomes. 
Personality psychopathology has been found to 
complicate the treatment of other psychiatric 
 disorders [ 81 ,  116 ]. Several effective pharmaco-
therapeutic treatments exist for panic disorder; 
however, not all patients respond to treatment: 
between 20–40 % are non-responders. Predicting 
non-response to pharmacotherapy would be very 
helpful for both patients and clinicians since it 
takes several weeks before a clinical effect can be 
expected for most of these drugs. Personality dis-
orders, or even personality traits, are possibly the 
most robust predictors of non response [ 117 ]. 
Moreover, data from the National Epidemiologic 
Survey on Alcohol and Related Conditions 
(NESARC) related to probability and predictors 
of fi rst treatment contact for anxiety disorders in 
the United States, showed that several personal-
ity disorders decreased the probability of treat-
ment contact [ 118 ]. 
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 There are currently three major psychothera-
peutic approaches to the management of personal-
ity disorder: psychodynamic, cognitive-behavioral, 
and supportive. Though differing in basic 
 conceptions and in methodology, all approaches 
aim at the amelioration of both the symptom-
aspects that dominate the clinical picture at the 
outset, and the personality diffi culties that remain 
apparent after the symptoms have been alleviated 
[ 119 ]. However, personality psychopathology 
was also found to exert a detrimental effect on the 
outcome of psychotherapies as the cognitive-
behavioral treatment for panic disorder [ 120 ]. 

 Interestingly, we observed that the overall 
prevalence of cases with comorbid personality 
disorders clearly increased (or was particularly 
high) in those cases with panic disorder and co- 
occurring depression, suggesting that a comorbid 
personality disorder place us in a more complex 
scenario of poorer treatment outcomes and higher 
prevalence of concurrent depression. Some stud-
ies clearly demonstrate that persons with anxiety 
disorders, who can be identifi ed with certain 
 comorbid   personality disorders, are at risk of 
poorer outcomes [ 16 ]. The higher association 
between panic disorder and personality disorders 
found in the present review suggests the need of 
evaluating personality in patients with panic dis-
order. Moreover, in those patients with a comor-
bid personality disorders, psychotherapy could 
be particularly considered the treatment plan-
ning, in order to improve the rate of response to 
pharmacological treatment and course of panic 
disorder.   

10.5     Conclusions 

 In conclusion, the comorbidity between panic 
 disorder and personality disorders is common. 
Cluster C was the most frequent personality dis-
order subtype related to panic disorder. However, 
there are scarce studies that have evaluated this 
relationship in a systematic way and through clin-
ical interviews. Personality disorders were more 
prevalent among individuals with panic disorder 
and co-occurring depression. Personality evalua-
tions including both assessments categorical and 

dimensional are needed. Further research is 
 necessary to elucidate the impact of these concur-
rent conditions for panic disorder treatment and to 
defi ne the most suitable therapeutic approach for 
each patient.     
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   Abstract  

  Since chest pain can indicate coronary artery 
 disease, pulmonary embolus and other severe 
physical illness, a prompt and careful diagnosis 
is important. It can also be due to panic disor-
der, an anxiety disorder with serious morbidity 
and mortality consequences. The diagnosis of 
panic is often not obvious to all clinicians, and 
panic can also occur co- morbidly with physical 
heart disease. More specifi cally, panic anxiety 
often includes an abrupt feeling of fear accom-
panied by symptoms such as breathlessness, 
palpitations, chest pain, and thus patient fear of 
a heart attack. This concern may further con-
found physicians. The association between 
panic disorder and coronary artery disease has 
been extensively studied in recent years and, 
although some studies have shown anxiety dis-
orders coexisting or increasing the risk of heart 
disease, no causal hypothesis has been well 
established. The aim of this chapter is to present 
the various ways in which the scientifi c com-
munity has been investigating the relations of 
panic disorder with cardiac syndromes.  
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11.1       Introduction 

 According to the diagnostic guidelines of the 
American Psychiatric Association,  panic attack 
(PA)   frequency can vary from a few each year, to 
several attacks over a single day [ 1 ]. The expres-
sion of this fear can includes additional cognitive 
symptoms such as derealization, depersonaliza-
tion, as well as fears of going crazy, having a 
heart attack or stroke, or dying. 

 Among the 13 main symptoms of a PA, many 
are also frequent in heart disease, such as chest 
pain, hyperventilation, palpitations, nausea, feel-
ings of shortness of breath, fear of dying or losing 
control, or unreality [ 1 ]. Typically, the individual 
with PA thinks that they have some serious physi-
cal illness, and often fi rst seek care in the emer-
gency room [ 2 ]. 

 Chest pain, in particularly, is a  PA symptom   
that seems to support the concern that a “heart 
attack” is in progress during the PA. Research 
suggests that PD is the primary diagnosis in some 
30–60 % of chest pain patients who seek care in 
emergency rooms [ 2 ,  3 ]. Thus, clinical evalua-
tion of chest pain approach requires caution and 
careful differential diagnosis, and it may also be 
related to musculoskeletal disorders [ 4 ]. A pri-
mary initial focus should be the rapid identifi ca-
tion of patients with a high probability of a true 
acute coronary syndrome ( ACS        ), as well as diag-
nosis of other non-coronary heart disease, lung 
disease, musculoskeletal problems, and digestive 
tract disease [ 5 ]. Early treatment is essential. 

 Unfortunately, when the diagnostic possibili-
ties of life-threatening events are removed, too 
little attention is given to the possibility that a 
mental disorder can be present or even being 
responsible for the patient’s complaints, and far 
less attention is given to the effectiveness of, and 
need for treatment. In 130 patients who reported 
chest pain, 54.6 % had no  acute coronary syn-
drome   or any other diagnosis for that complaint, 
and of these patients, 53.5 % had anxiety and 
25.3 % had depression [ 6 ]. 

 In most cases, the chest pain symptoms of PA 
are mild, without any corresponding physical 
 disease. Nevertheless, it also possible that PA 
can occur in the presence of coronary disease, 

sometimes not yet even diagnosed. In the study 
by Lynch and Galbraith [ 2 ] mentioned above, 
was observed in the group of PD patients, 25.5 % 
of them also suffered from coronary disease. The 
authors called this combination of “lethal combi-
nation”, given the documented increased risk of 
fatal events during long-term. 

 This association was fi rst shown by Beitman 
et al. [ 7 ], who examined the prevalence of  PD   in 
104 cardiac patients, including 30 with coronary 
artery disease (CAD). Sixteen patients with CAD 
fi t diagnostic criteria for panic disorder (PD). 
Subsequently, Basha et al. [ 8 ] also examined the 
prevalence of PD in 49 patients with CAD who 
had  typical and atypical   chest pain, noting that 
27 % met criteria for DSM-III PD. Fleet et al. [ 9 ] 
also examined the prevalence of PD in patients 
with chest pain, where, 34 % of with CAD 
patients also had PD. Despite the fi ndings sug-
gest that PD is associated with CAD, even with-
out CAD, 43 patients were diagnosed for PD [ 7 ]. 

 So the apparently prevalent of comorbidity 
between PD and cardiovascular disease raises an 
intriguing question: could there be a causal rela-
tionship between PD and CAD? Could the mech-
anisms involved in non-comorbid PA somehow 
be related to ischemia or to some other mecha-
nism that explains the presence of  non-CAD   
chest pain? For this, we investigate the relation-
ship between anxiety and cardiovascular disease, 
with emphasis on the mechanisms involved in 
the pathophysiology of PD and mental stress. In 
summary, the association of PA with non-CAD 
chest pain raise questions of both cardiac and 
non-cardiac mechanisms.  

11.2      Non-Cardiac Mechanisms   

 Some mechanisms have been bandied about as the 
cause of chest pain in PD, without direct involve-
ment of the heart. Among them are a pain from 
musculoskeletal overload secondary to hyperven-
tilation, changes in esophageal motility (including 
esophageal spasm), common in states of anxiety 
[ 10 ], and situations in which intense anxiety 
becomes interpreted as pain. Some patients tend 
to perceive their emotions in a predominantly 
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somatic mode, experiencing physical pain instead 
of anxiety or sadness, for example. It was observed 
that the use of opioid analgesics in this population 
can enforce this distortion [ 11 ]. However, it has 
also been shown that opioids  may   offer partial 
treatment for the emotional pain of panic [ 12 ,  13 ].  

11.3     Cardiac Mechanisms 

 Both autonomic activation and hyperventilation 
via respiratory alkalosis during the PA can lead to 
coronary spasm. Freeman et al. [ 14 ] observed 
that PA was studied with a hyperventilation pro-
tocol; patients had elevated levels of systolic and 
diastolic  blood pressure   (BP). In addition, PA can 
cause ischemic pain in patients with CAD, by 
increasing myocardial oxygen demand via incre-
ased  heart rate (HR)   and BP, as we shall see. 

 However, there are cases where acute non- 
CAD cardiac events can also occur, even without 
prior  CAD  . For example, the stress-induced or 
apical ballooning (i.e., Takotsubo) cardiomyopa-
thy syndrome is typically triggered by acute 
mental stress. Takotsubo makes the heart to take 
the form of a pot (“Tsubo”) for octopus (“Tako”) 
fi shing commonly used in Japan, where the syn-
drome was fi rst described. With high prevalence 
in postmenopausal women, it is characterized by 
the presence of  chest pain and ECG   changes typi-
cal of acute myocardial infarction, but without 
evidence of arterial occlusive lesions in coronary 
angiography, as has been shown [ 15 ]. The exact 
pathophysiological mechanism correlating cases 
of acute stress with  Takotsubo syndrome   is still 
the subject of research, but some results converge 
to the correlation between acute stress and adren-
ergic hyperactivity. Wittstein et al. [ 16 ] clearly 
demonstrated the activation of the adrenal 
medulla and elevated plasma levels of adrenaline 
and noradrenaline from 7 until 9 days after the 
event of acute stress. It may well be that panic 
can contribute to this catecholaminergic cardio-
myopathy [ 17 ]. 

 Indeed, prolonged PAs often present as agi-
tated depression in  peri-menopausal women  , 
and are associated with increased catecholamine 
levels [ 18 ]. Moreover, panic anxiety (associated 

with suppressed anger) is highly prevalent in 
  cardiac transplant candidates   with idiopathic 
dilated cardiomyopathy, but not in candidates 
with other end-stage cardiac disease [ 18 ]. There, 
too, the proposed mechanism is increased circu-
lating catecholamines. Even in “healthy” panic 
patients, there is an increased prevalence of sig-
nifi cant left ventricular enlargement [ 19 ]. 

 These  cardiomyopathy fi ndings   are also rele-
vant to CAD. Cardiomyopathic hearts are large 
but ineffi cient, and thus result in reduced oxygen 
supply to the heart, even as the enlarged heart 
might require extra oxygen. This would aggra-
vate existing CAD, and might even contribute to 
CAD development. Left ventricular hypertrophy 
can cause ischemia by increasing demand, rather 
than just by reducing supply, and is considered an 
independent risk factor for CAD events [ 20 ]. 

11.3.1     Myocardial Ischemia 

  Myocardial ischemia   is the result of an imbal-
ance between supply and demand: occurs when 
the coronary blood fl ow becomes inadequate to 
meet the needs of cellular oxygen (O 2 ) and meta-
bolic substrates [ 21 ]. With that the heart starts to 
fail in its primary function, which is to act as a 
contractile hydraulic pump. The fi ve main causes 
of imbalance and ischemia are (a) coronary artery 
thrombosis, (b) fi xed non-thrombotic obstruc-
tion, (c) dynamic obstruction such as vasospasm, 
(d) infl ammation (e) increased oxygen demand 
without obstruction, as in signifi cant myocardial 
hypertrophy or in situations of myocardial hyper-
activity and (f) reduced blood/oxygen supply to 
the heart as a result of cardiomyopathy or of other 
conditions [ 21 ]. 

 One frequent cause of myocardial ischemia is 
the rupture of atheromatous plaque with release 
of thrombogenic substances and the consequent 
formation of a clot that prevents coronary blood 
fl ow [ 22 ]. In the presence of a state of persistent 
obstruction and ischemia, the process evolves to 
myocardial cell death or necrosis. In animal 
experiments myocardial cellular necrosis begins 
20 min after coronary occlusion. In clinical prac-
tice, the extent of necrosis depends on the caliber 
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of the occluded vessel, the level of myocardial 
oxygen demand and the presence of collateral 
circulation to the ischemic region. Acute coro-
nary syndrome describes a spectrum of myocar-
dial ischemia that has at one end stable angina, 
progressing to unstable angina and culminating 
in acute myocardial infarction and necrosis of 
cardiac muscle [ 23 ]. 

 The most classic clinical manifestation of myo-
cardial ischemia, regardless of the causal mecha-
nism, is the thoracic pain of  angina pectoris . 
Angina is a pain that is distributed diffusely in the 
retrosternal region, usually characterized as opp-
ressive, burning or crushing. It may radiate to the 
throat, neck, ulnar site of arms, interscapular 
region, epigastric region, jaws and teeth. The 
intensity of pain can vary from a light weight or 
retrosternal discomfort, or tingling in one derma-
tome until excruciating pain. These fi ndings are 
related to the cause of ischemia and are not com-
pletely specifi c for ischemia, which may be due to 
non-ischemic cardiac pain, as well as a non-  cardiac 
  cause. In a meta-analysis published in 2012, 
Haasenritter et al. [ 24 ] suggest that the accuracy of 
signs and symptoms for the diagnosis of  myocar-
dial ischemia   varies between studies published 
according to the case defi nition of CAD. 

 Another signifi cant fi nding in the  diagnosis   of 
chest pain of ischemic origin is the fact that it 
is triggered by physical exercise or emotional 
stress. Importantly many patients do not develop 
angina even after exhaustive physical activity, 
but do experience typical chest pain after a work 
meeting or event associated with strong emo-
tional overload [ 25 ]. This aspect of chest pain, as 
we shall see, was responsible for lead to increas-
ing research in recent years.  

11.3.2      Mental Stress   and Myocardial 
Ischemia 

 Provocative tests with laboratory studies indicate 
that myocardial ischemia can be induced in 
50–70 % of patients with CAD, by mental stress 
[ 26 ]. Since a true PA is likely more emotionally 
potent than a mental stress test, it is quite possible 
that it can induce true ischemia in patients with 

existing CAD. During a PA intense activation of 
the cardiac sympathetic nervous system and 
increased secretion of adrenaline from two to six 
times the normal value occurs. 

 In the same way, sympathetic activation 
occurs during the release of neuropeptide Y 
(NPY) of the cardiac sympathetic nerve in the 
coronary sinus that may be related to coronary 
vasospasm [ 27 ]. Prospective study showed that 
mental stress-induced ischemia is associated with 
signifi cantly higher rates of fatal independent and 
nonfatal cardiac events, age, baseline ejection 
fraction, and left ventricular myocardial infarc-
tion [ 28 ]. In this study mental stress-induced 
ischemia was a better predictor of future cardiac 
events than the exercise stress test, with a 60 
month follow-up. Some caution is in order, 
though. PD might well act as a spontaneous 
“mental stressor” similar to provocative tests of 
mental stress. Though it has long been thought 
that the sympathetically-mediated increases in 
HR, BP and LV contractility present during a PA 
cause increased myocardial O 2  demand, and 
would be responsible for the appearance of 
 myocardial ischemia [ 29 ]. However, it is known 
that the provocation tests for mental stress lead 
only to modest small increases in BP and HR, 
and only slightly affect myocardial O 2  demand. 
Along those lines, it should be noted that in one 
study of CAD patients with normal exercise 
stress tests, and stratifi ed for those with and with-
out PD, CO 2  induced panic was not associated 
with induced myocardial ischemia [ 30 ], even so, 
 other   mechanisms could be involved, such as 
vasospasm or a reduction in coronary fl ow [ 31 ]. 

 New lines of research suggest that ischemia 
triggered by mental stress may be related to 
endothelial dysfunction in vessels with athero-
sclerotic disease, thus limiting coronary vasodi-
latation during mental stress. While arteries of 
patients without CAD dilate during  mental stress  , 
atherosclerotic arteries fail to dilate during men-
tal stress, probably in response to changes in the 
activation of α2 and β2 adrenoceptor and incre-
ased release of noradrenaline, which induces 
muscle contraction patients arteries [ 32 ,  33 ]. 
There is even angiographic evidence of coronary 
vasoconstriction at the site of atherosclerosis 
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 during arithmetic test performance [ 34 ]. Endothelial 
dysfunction has been described as potential 
 contributors to the development of coronary 
spasm, by reducing the secretion of endothelial 
relaxing factor. In addition, “stress” causes isch-
emia and thus leads to damage and atheroscle-
rosis, and also, “stress” causes ischemia which 
compounds the effects of already established 
atherosclerosis. 

 Thus, certain kinds of adrenergically active 
“stress” may provoke  coronary vasoconstriction  , 
consequent intimal damage and thus develop-
ment of CAD. For example, the hostility and 
Type A behavior risk factors for CAD are quite 
highly correlated with directly measured adrener-
gic receptor densities on lymphocytes (vasodila-
tive beta receptors) and platelets (vasoconstrictive 
alpha receptors). In particular, the alpha/beta 
receptor density ratio offers physiologic model 
for evidence of ongoing coronary vasoconstric-
tion in healthy young adults [ 35 ].  

11.3.3     Perfusion Defects in Panic 
 Attack   

 In a groundbreaking study, Fleet et al. [ 36 ] sought 
to observe the possible myocardial ischemia trig-
gered by an induced PA in patients with CAD. 65 
selected patients, 35 with PD and 30 without 
PD. All were subjected to inhalation of gas mix-
ture containing 65 % oxygen and 35 % carbon 
dioxide (CO 2 ), an established provocative test for 
PA. Upon CO 2  inhalation, infusion of technetium- 
99m was injected in all participants. The results 
showed that among those who had PA, 80.9 % 
had myocardial perfusion defects, while only 
46.4 % of those who showed no attack showed 
perfusion defect. Even though all participants 
were using medications to control CAD, the 
study still shows that a PA can induce myocardial 
perfusion defects. 

 A remaining question is whether CO 2  induced 
PA in “healthy” PD patients without any CAD 
can also induce  myocardial perfusion defects  . 
 The cause-effect relationship  between these 
two variables is intriguing and requires further 
investigation. 

 For panic disorder, the CO 2  inhalation 
 challenge test is highly sensitive (about 70 %) 
and highly specifi c (about 100 %). This approach 
offers some advantages such as ease of adminis-
tration, good tolerance, and reliability in generat-
ing panic attacks similar to those experienced 
by patients outside the laboratory, self-limited 
and brief duration of panic provocation, without 
requiring the pharmacologic interventions of 
other panic provocations methods [ 37 ]. Studies 
could use gated myocardial perfusion scintigra-
phy, a test well supported by large studies as an 
effective method for detecting ischemia in the 
emergency room option [ 38 ]. In clinical practice 
cardiology myocardial perfusion imaging using 
radioisotope Technetium-99m sestamibi (sesta-
mibi SPECT) is already incorporated into clinical 
practice in the study of myocardial ischemia. 

 The next topics present three additional per-
spectives: the fi rst showing anxiety disorders as a 
predictor of heart disease, the second that anxiety 
disorders can be an aggravating factor for  cardio-
vascular disease  , and the third outlining a number 
of hypotheses of a possible causal relationship 
between anxiety and cardiovascular disease.   

11.4     Anxiety Predictor of Heart 
 Disease   in Previously 
Healthy People 

 In the Myocardial Ischemia and Migraine Study, 
a longitudinal study involving 3369 community- 
dwelling healthy postmenopausal women assess-
ing cardiovascular and cerebrovascular outcomes 
after 5.3 years, the authors observed a hazard 
ratio for all-cause mortality was 1.75 among 
those presenting a 6-month history of full-blown 
PA [ 39 ]. The Northwick Park Heart Study found 
that 1457 initially healthy men with high scores 
of phobic anxiety (PD is typically the underlying 
cause of most phobias), had a 3.77 relative risk of 
fatal CAD after 6.7 years of follow-up [ 40 ]. In a 
strong prospective long-term study, 49,321 
young adults were followed for 37 years [ 41 ]. 
The authors found a multi-adjusted hazard ratios 
associated with anxiety of 2.17 for CAD and 2.51 
for acute myocardial infarction (Table  11.1 ).
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11.5        Anxiety Disorders Predict 
Poorer  Prognosis   
in Established 
Cardiovascular Disease 

 In the same way, a meta-analysis that analyzed 
data from nearly 250,000 patients followed for 
more than 11 years showed that people with anxi-
ety have both increased risk of  CAD mortality   
and cardiac events, independent of demographic 
variables, biological risk factors, and health 
behaviors [ 42 ]. Walters et al. show data suggest-
ing the presence of anxiety as an independent risk 
factor for CAD, both as a trigger of myocardial 
infarction and as a long-term precursor of cardio-
vascular diseases in younger people, under 50 
years old [ 43 ]. Large-scale community-based 
studies, reported a signifi cant relationship bet-
ween anxiety disorders and cardiac death [ 40 , 
 44 ,  45 ]. Although a relationship between anxiety 
 levels and the occurrence of cardiac death has 
been detected in these studies, anxiety did not 
show any signifi cant association with myocardial 
infarction. Moreover, mortality was mainly due 
to sudden cardiac death. A nearly twofold 
increased risk of nonfatal myocardial infarction 
or death in a an average follow-up of 3.4 years 
follow-up was detected in CAD population with 
anxiety [ 46 ]. CAD patients with anxiety symp-
toms during a 3-year follow-up showed a  hazard 
ratio (HR)      of 2.32 for a new ischemic event [ 47 ]. 
Indeed, epidemiological studies report a three to 
sixfold increase risk of myocardial ischemia and 
of sudden death [ 44 ,  45 ] (Table  11.2 ).

   Some retrospective studies also attempted to 
demonstrate an association of PD with increased 
risk of mortality from cardiovascular causes in 
patients with CAD. Coryell et al. [ 48 ] examined 
mortality rates 35 years after psychiatric hospi-
talization and found that PD patients had mortal-
ity rates from cardiovascular causes twice as high 
as expected, compared with the same age, sex 
and length of hospital group. In a subsequent 
study, the same authors [ 49 ] observed high mor-
tality rates in 155 patients, 12 years after admis-
sion, comparing with mortality rates of residents 
in the same age and gender.  

11.6      Hypothesis   of a Causal 
Relationship 
Between Anxiety  and 
Cardiovascular Disease   

 Epidemiologic evidence suggests how anxiety 
may be a risk factor for the development of heart 
disease in initially healthy individuals and for 
complication in cardiac patients (Table  11.3 ). 
Kubzansky and Kawachi [ 50 ] examining papers 
published during the years 1980–1996 found 
some evidence suggesting that  chronic anxiety   
could be a risk factor for the development 
of CAD by an infl uence on health behaviors, 
increased risk of hypertension and atherogenesis, 
and even triggering fatal coronary events, either 
through arrhythmia, plaque rupture, coronary 
vasospasm, or thrombosis. These hypotheses 
have gained strength in studies that showed 
 associations between hypertension  and   anxiety 
 disorders linked to an increased risk of a pro-
infl ammatory state and development of CAD 
[ 51 ] and acting as an independent risk factor for 
cerebrovascular accidents. In a follow-up period 
of 3-years, the hazard of stroke was estimated to 
be 2.37 times greater for patients with PD than 
for patients in the comparison cohort [ 52 ].

   Some factors may contribute to CAD and 
stroke in PD patients. Studying hemostatic func-
tion in 96 subjects reporting frequent panic 
symptoms, von Kanel et al. [ 53 ] found higher 
levels of D-dimer, a common hypercoagulability 
marker, and lower fi brinogen levels than the 595 
subjects reporting panic symptoms either ‘not at 
all’ or ‘not very often’. The authors speculate that 
such a pro-coagulant state could contribute to 
increased coronary risk. Likewise, carotid- femoral 
pulse wave velocity (PWV), a well established 
way to evaluate arterial stiffness and to predict 
adverse cardiovascular outcomes, was measured 
in forty-two patients with PD, and 30 controls 
[ 54 ]. The authors found that PD was indepen-
dently related to increase carotid-femoral PWV 
in a multivariate analysis (Table  11.3 ). 

 The striking presence of chest pain in some 
episodes of PA, sometimes with characteristics 
similar to an acute coronary syndrome, has led 
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several authors to question whether some variant 
type of acute myocardial ischemia could be 
occurring. It is important to note again that an 
acute coronary syndrome is characterized by the 
imminent risk of life, so a rapid and appropriate 
assessment seeking early treatment is mandatory 
in all patients  with   symptoms suggesting an ACS 
(Fig.  11.1 ).

   In two pioneering publications, myocardial 
perfusion was found to be clearly linked to 
PD. Fleet et al. [ 36 ], using carbon dioxide (CO 2 ) 
challenge test and assessing myocardial perfu-
sion by single-photon emission computed tomo-
graphy (SPECT), observed that PA could lead to 
 myocardial perfusion defects   in patients with 
CAD and PD, even maintaining treatment with 
cardiac drugs. Similarly, our group reported a 
clinical case of a patient with PD but no evidence 
of CAD and normal SPECT after treadmill 
 exercise test that showed a defi cit in myocardial 

perfusion after CO 2  challenge test [ 55 ]. The 
patient described in this case reported very few 
symptoms and denied having a PA, but showed 
a raise in BP and in double product (HR × BP), 
a clinical estimation of myocardial oxygen 
demands. Thus, patients with stable CAD may 
present  myocardial   ischemia due to mechanisms 
present in mental stress response: indeed, an 
increase in coronary vasomotor tone (vasospasm) 
with decreased coronary blood fl ow or a sympa-
thetic hyperactivity that determines an increase 
in HR, BP and myocardial contractility, may 
eventually lead to a rise in myocardial oxygen 
consumption [ 56 – 58 ]. 

 Vasospasm or  microcirculatory   increased tone 
leading to chest pain (CP) when accompanied by 
normal coronary angiography is thought to be one 
possible cause of ischemic states. Mansour et al. 
[ 59 ] described the case of three patients with PD 
and CP, with documented  cardiac ischemia  , 

  Fig. 11.1    Factors responsible for the myocardial work and oxygen demand       
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but no signifi cant atherosclerosis at coronary 
 angiography, and presumed the etiology to be due 
to coronary artery spasm. Vidovich et al. [ 60 ] also 
reported a female patient with depressive epi-
sodes associated with PA and CP. Since coronary 
arteries were angiographically normal,  vasospasm 
was suggested as main etiologic factor. Reinfor-
cing this hypothesis, Roy-Byrne [ 61 ] found a 
40 % prevalence of PD in patients with estab-
lished micro-vascular angina and angiographi-
cally normal coronary arteries. 

 One potential mechanism proposed to explain 
coronary vasospasm in PA is hyperventilation. 
Indeed, hyperventilation test has been used to 
induce coronary spasm in clinical investigation, 
with a sensitivity and specifi city of 62 % and 
100 %, respectively [ 62 ]. Chelmowski et al. [ 63 ] 
described a case of a man presenting with myo-
cardial infarction without CAD, apparently due 
to hyperventilation.  The   presence of autonomic 
nervous system alterations may play an impor-
tant role in  coronary   vasospasm pathogenesis. 

11.6.1     Sympathetic Hyperactivity 

 Acute stress situations in which a strong sympa-
thetic activity is present have been reported as 
preceding episodes of  ACS   or sudden death that 
even nowadays shocks and surprises the medical 
community. Even more remarkable is how panic 
attacks are able to activate sympathetic dis-
charges mediated by releasing high doses of cat-
echolamines in the bloodstream, specifi cally 
epinephrine and norepinephrine [ 27 ]. For exam-
ple, Biyik et al. [ 64 ] reported a patient presenting 
with myocardial infarction but no evidence of 
 CAD   at coronary angiography. Symptoms started 
after a fi ght, leaving him extremely agitated and 
afraid of being killed. Sympathetic hyperactivity 
by acute stress, comparable to a PA, was imputed 
as the most probable cause of his coronary event. 
According to Graeff [ 65 ] panic states correspond 
to the strong fl ight reaction evoked by a very 
close threat and appears to cause a major sympa-
thetic activation, unlike chronic anxiety states, as 
seen in anticipatory anxiety, under a greater infl u-
ence of hypothalamic-pituitary-adrenal ( HPA        ) 
axis (Fig.  11.2 ).

   Acute stress as a cause of  coronary events and 
sudden death   is widely documented in the medi-
cal literature. One example is the report of 
increased number of cardiac deaths on the day of 
the Northridge (California) Earthquake, in 1994 
[ 66 ]. Many of these events affected patients with 
CAD, suggesting that stress caused by natural 
disaster can lead to acute rupture of  atheromatous 
plaque  ,  malignant arrhythmias  , increased myo-
cardial oxygen demand, or vasospasm. Similar 
cases were reported after an earthquake in Taiwan 
[ 67 ], airstrikes in Iraq [ 68 ] and emotional strain 
during football matches [ 69 ]. Those patients with 
pre-existing CAD may present coronary events 
after acute emotional stress due to an increase in 
shear stress and rupture of an atherosclerotic 
plaque, leading to release of  thrombogenic sub-
stances   and subsequent obstruction of the arterial 
lumen, or alternately to  acute coronary vaso-
spasm   or arrhythmia. 

 Esler et al. [ 70 ] asserts that activation of  sym-
pathetic autonomic system   of the heart related to 
catastrophes may act as a trigger for abnormal 
heart rhythm and sudden death, can activate 
platelets predisposing to thrombosis, reduce 
serum potassium concentrations and blood pres-
sure surge can fi ssure coronary artery atheroscle-
rotic plaques in CAD patients. He suggested that 
an epigenetic mechanism might sensitize patients 
with PD to cardiac symptoms, magnifying the 
sympathetic neural signal in the heart, underlying 
increased cardiac risk [ 71 ]. Muscle nerve neuro-
grams have shown large sympathetic bursts, 
increases in  cardiac norepinephrine spillover   
and peaks of epinephrine secretion during PA. 
Besides, neuropeptide Y released from cardiac 
sympathetics nerves can be involved in coronary 
artery spasm [ 27 ]. 

 Some researchers have sought to document 
the sympathetic hyperactivity linked to PD. 
A study using I-123-metaiodobenzylguanidine 
(I-123-MIBG) myocardial scintigraphy was per-
formed on nine patients with PD and showed 
impairment in  cardiac sympathetic function   [ 72 ]. 
Metaiodobenzylguanidine ( MIBG     ) is a physio-
logic analog of norepinephrine and has been used 
for the evaluation of cardiac sympathetic func-
tion. In patients with PD has been demonstrated 
that myocardial uptake of I-123-MIBG was less 
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  Fig. 11.2    Sympathetic 
activity by situations of 
acute stress       

panic disorder patients than in healthy control 
values. Perhaps, the recurrent surges of sympa-
thetic overactivity by panic attacks could lead 
to depletion or exhaustion of the sympathetic 
efferent system [ 72 ]. Patients with PD, evaluated 
by fi nger photoplethysmography, showed an 
increase in BP overshoot (“signal or function 
exceeds its target”) compared with control groups 
[ 73 ]. Selective serotonin reuptake inhibitor treat-
ment reduced signifi cantly this BP overshoot 
towards normal values, confi rming an increased 
sympathetic barorefl ex function in PD. 

 Moreover, the  autonomic nervous system   
plays a pivotal role in the triggering or sustaining 
of malignant ventricular arrhythmias. Sympa-
thetic stimulation, opposed by vagal action, 
reduces the ventricular refractory period and the 
ventricular fi brillation threshold, and promotes 
triggered activity after potentials and enhances 
automaticity. HR variability measurements may 
assess  cardiac autonomic function      and predict 
cardiovascular events, especially cardiac death. 
In the Framingham Heart study, in a follow-up of 
3.9 years, decreased  HR variability   predicted 
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death of all causes with a relative risk of 1.70, 
after statistical adjustment for age, sex, and clini-
cal risk factors [ 74 ]. Other researches hypo-
thesize that PD patients have a heightened or 
deregulated autonomic nervous system at rest 
and during autonomic challenge. It was found 
that standing RR variance was signifi cantly lower 
in PD patients than in normal controls, suggest-
ing an increase in vagal withdrawal [ 75 ]. Using 
spectral analysis of HR variability [ 76 ], the abso-
lute “low frequency power” was signifi cantly 
diminished in PD patients. These results were 
reproduced in many other studies [ 77 – 81 ], dem-
onstrating a consistently deregulated autonomic 
arousal in PD patients. 

  P-wave dispersion (PWD)      has been also cor-
related to changes in systemic autonomic tone 
and the degree of PWD seen on 12-lead ECG 
may be a predictor of susceptibility to future 
atrial fi brillation. Yavuzkir et al. comparing 40 
PD outpatients to 40 physically and mentally 
healthy controls showed that PWD was signifi -
cantly greater in the PD group [ 82 ]. The presence 
of QT dispersion ( QTd     )    in PD patients has been 
also investigated as a potential index of cardio-
vascular risk. In normal conditions, the QT inter-
val duration varies between leads on the standard 
ECG [ 83 ]. QT dispersion is defi ned as the maxi-
mum QT interval minus minimum QT interval 
and was proposed to refl ect the spatial dispersion 
of the ventricular recovery time. Increased QTd 
is a marker of myocardial electrical instability 
and is associated to higher risk of cardiac events 
and sudden death [ 84 ]. Once an increase in QTd 
indicates a cardiac autonomic imbalance, it has 
been investigated if its presence is associated 
with increased anxiety levels, thereby predispos-
ing these patients to fatal heart disease. Atmaca 
et al. measured the QT interval in 40 PD patients 
and 40 healthy controls and noted values signifi -
cantly higher in PD patients compared to control 
group [ 85 ]. Studying diurnal QTd measures in 32 
normal adults and 22 PD patients using 24-h 
ECG monitoring, Yeragani et al. found that QTd 
measures at nighttime are signifi cantly higher in 
PD patients compared with controls, indicating 
attenuated diurnal changes in ventricular repolar-

ization contrasting with a higher QT variability 
during sleep [ 86 ].  These   fi ndings were also 
 present in population with PD associated to 
depression and may suggest a increase risk of 
 cardiac mortality      in this population [ 87 ]. Looking 
for a therapeutic tool, paroxetine, but not nortrip-
tyline, was able to prevent QTd rise in patients 
with PD and may be a drug of choice, especially 
for those with previous cardiac disease [ 88 ]. 

  Acute mental stress   sometimes may trigger 
events that mimics an acute myocardial infarc-
tion, in which patients present typical CP and 
ischemic changes in ECG, but with no or insig-
nifi cant coronary disease [ 89 ]. Case reports show 
these changes in contractility varying clinically 
from a mild and asymptomatic ventricular dys-
function to a severe circulatory failure, but the 
prognosis is generally favorable, with rapid and 
complete recovery in most cases. In a large series 
of cases, it was observed that during hospitaliza-
tion, pulmonary congestion was present in 22 % 
and cardiogenic shock in 15 % of cases, but the 
rate of in-hospital mortality was 1 % and at dis-
charge, 97 % of patients were in New York Heart 
Association functional class I [ 90 ]. The exact 
 pathophysiological mechanism   correlating acute 
stress with TS is still an object of research, 
although some fi ndings have converged on the 
correlation between acute stress and adrenergic 
hyperactivity. Wittstein [ 16 ] clearly demonstra-
ted activation of the adrenal medulla and elevated 
plasma levels of epinephrine and norepinephrine. 
This study showed that high plasma catechol-
amine levels were found in patients with ST until 
7–9 days after the triggering event. Although 
some researches succeeded to show the occur-
rence of  epicardial and microcirculation coronary 
spasm   with typical ischemic ECG changes in 
response to provocative maneuvers during angi-
ography in patients with TS the most accepted 
hypothesis is the neurogenically- stunned myo-
cardium due to damage at  cardiac muscle cells   
[ 91 ,  92 ].  Endomyocardial biopsy   in TS patients 
showed mononuclear infl ammatory infi ltrates and 
extensive contraction-band necrosis caused by 
hyper-contraction of the sarcomeres, an indirect 
proof of elevated levels of  catecholamines   [ 16 ].   
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11.7     Conclusions 

 As we saw in this chapter, some epidemiological 
studies have established that anxiety is a risk 
 factor for cardiovascular disease increasing the 
likelihood of ischemic heart disease, including 
myocardial infarction raising morbidity and mor-
tality in this group [ 39 ,  40 ]. Recent efforts have 
started to propose pathophysiologic mechanisms 
anxiety could cause or potentiate cardiac disease. 

 Although chronic anxiety can be responsible 
for an infl uence on health behaviors like smok-
ing, increasing risk of atherogenesis [ 48 ] there 
some evidence that anxiety may act as an inde-
pendent risk for of a pro-infl ammatory state [ 49 ] 
and hypercoagulability [ 52 ]. Fleet et al. [ 36 ] and 
Soares-Filho et al. [ 55 ] have shown PD as trigger 
of myocardial perfusion defect. Since anxiety 
and mental stress may be aspects of closely 
related mental processes, both may be associated 
with adrenal secretion of epinephrine, in the role 
of sympathetic hyperactivity. Both myocardial 
oxygen consumption [ 55 – 57 ] and coronary 
 vasospasm [ 58 – 60 ] were suggested as causes of 
myocardial ischemia in these situations. Esler 
et al. suggests platelet activation and thrombosis, 
to coronary plaque fi ssures in CAD patients to 
explain ischemic events in CAD patients witnes-
sing catastrophes [ 70 ]. The sympathetic hyper-
activity linked to PD was demonstrated by 
myocardial scintigraphy [ 72 ], fi nger photople-
thysmography [ 27 ], spectral analysis of HR vari-
ability [ 76 – 80 ], P-wave dispersion [ 81 ], QT 
dispersion [ 85 – 87 ]. Studying patients experienc-
ing to stressful events and consequent Takotsubo 
cardiomyopathy [ 16 ]. 

 More attention must be paid to anxiety patients 
complaining of cardiovascular symptoms, espe-
cially chest pain. Cardiologists should be able to 
recognize patients with psychiatric conditions 
and measure the cardiovascular consequences of 
anxiety. This review tried to shed light on impor-
tant relationships between anxiety and heart 
 disease, and opened the possibility of better 
 clinical management and pathophysiological 
understanding.     
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   Abstract  

  Considering extensive overlap among symp-
toms of panic disorder (PD) and cardiovascu-
lar diseases (CVD), the fact that so little 
attention has been drawn to studies addressing 
the relationship between both so far is some-
what intriguing. Therefore, this chapter will 
focus on the issue considering several perspec-
tives. It starts delineating an historical back-
ground, showing that the interest on studying 
the relationship between anxiety symptoms 
and CVD began more than a century ago. 
Next, epidemiological research is reviewed, 
but considering lack of consistent fi ndings, 
anxiety disorders and, more specifi cally, PD 
are deconstructed. Not only this, but biological 
mechanisms that could link anxiety symptoms 
and CVD, such as pleiotropy, heart rate vari-
ability, unhealthy lifestyle and atherosclerosis, 
are also explored. The chapter ends highlight-
ing the importance of reversibility, that is, if 
PD and CVD are somewhat connected, inter-
vention studies should prove the utility of pre-
vention. As can be seen, the text is constructed 
using an epistemological perspective, since it 
constitutes a major area of indagation and 
research of the authors and is meant to raise the 
same sort of questioning in the readers.  
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12.1       Introduction 

 Common sense and stereotyping have been 
applied for a long time in order to attribute a 
causal role for anxiety in  the   development of 
CVD. Who never heard from a close relative: “if 
you keep up worrying so much about everything, 
you’ll have a heart attack”, or “John was so 
stressed, no wonder he ended up like that, dying 
suddenly”. Trying to understand such association 
heuristically is not a surprise given the extensive 
overlap between anxiety and  cardiovascular 
  symptoms. As will be exposed, such overlap is 
present since the earliest descriptions of PD.  

12.2      A      Brief History 

 A syndrome resembling PD was fi rst described 
by Jacob Mendes da Costa as “ Irritable Heart 
Syndrome  ” [ 1 ]. He observed two-hundred sol-
diers as they left US army during Civil War 
(1861–1865) complaining of chest pain, palpita-
tions, choking feelings and paresthesias. Despite 
a considerable number of such individuals, in 
fact, might have been suffering of some sort of 
cardiological disease – not only this, but also 
what we currently know as  post-traumatic stress 
disorder (PTSD)   – most of them had the shared 
feature of psychological distress. Let us not for-
get that this naturalistic study was carried on 
within a military hospital – so the fact that most 
patients were diagnosed as having a cardiological 
condition should cause no surprise. 

 Decades went by, and emotional dysregula-
tion gained fi eld as a possible cause of disease, 
especially after the psychoanalytical studies of 
Sigmund Freud (1856–1939) and his colleagues. 
Alternative nomenclatures, such as “ neurasthe-
nia  ”, “effort syndrome” and “beta-adrenergic 
hyperactivity”, all refl ected attempts to describe 
etiologically what would be known as “panic dis-
order” only with the advent of DSM-III [ 2 ]. 

 The second half of last century was marked by 
the interest of the scientifi c community over the 
possible association between psychiatric traits 
and symptoms and increased  CVD   [ 3 ]. The main 
concern was that a certain type of behavioral pat-

tern, characterized by ambition, competitiveness, 
worries about time and money and aggressive-
ness, later called “type A” pattern, could raise the 
risk for CVD. Although several epidemiological 
studies confi rmed such association [ 4 ,  5 ], subse-
quent investigations involving the fi les of tobacco 
companies unveiled dangerous pecuniary con-
nections among reputed scientists and tobacco 
industry in order to replicate studies that could 
obtain favorable results and shift attention away 
from smoking as a cause of death [ 6 ]. Such tactic 
was effective for  many   years, until results from 
population prospective cohorts on the issue began 
to be published.  

12.3           Epidemiological Studies 

 Results initially published from population 
cohorts in the early 2000s somewhat refl ected 
what was mentioned above. Outcomes mainly 
consisted of negative affect measures, a dimen-
sion of symptoms that is common for both 
depression and anxiety, and present in “type A” 
behavioral pattern. Negative affect – character-
ized by anger, hostility, contempt, disgust, guilt 
and fear – was measured by psychometric scales 
such as  Positive and Negative Affect Schedule 
(PANAS)   [ 7 ] and Type D Scale [ 8 ]. A meta- 
analysis found a positive association between 
negative affect and major adverse cardiac events 
(OR = 3.16). All included studies were prospec-
tive and overall sample was relatively large 
( n  = 2903) [ 9 ]. 

 Increased prevalence of CVD in subjects with 
anxiety disorders, among which PD, began to 
intrigue scientists. Depending on the studied 
sample, comorbid CVD rates in patients with PD 
were as high as 15 times the ones found in other-
wise healthy individuals [ 10 ]. 

 Not long after, the fi rst large-scale study 
reporting results on the association between 
panic attacks and the incidence of cardiovascular 
events and mortality was published. Smoller 
et al. [ 11 ,  12 ], analyzing data from 3369 women 
from the Women’s Health Initiative (WHI), 
reported that those with panic attacks had 4,20 
(95 % CI: 1.76–9.99) more risk for developing 
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MI and dying from cardiac causes than women 
with no panic attacks. As a strength of this study, 
we can mention that full statistical adjustment 
was performed. As a main limitation, we can 
consider the fact that panic attacks rather than PD 
were measured, which likely had little or no 
impact on the external validity of the study. Also, 
no male subjects were included. 

 Some critics of the above association claim 
that PD symptoms include features that can also 
be found in pre-clinical CVD. Indeed, it is quite 
plausible that patients are diagnosed as having 
panic attacks in their fi rst contact with an emer-
gency room due to inaccuracy of current diagnos-
tic tools. In other words, subsyndromal CVD may 
be misdiagnosed. Indeed, such a possibility has 
already been raised in studies evaluating depres-
sion as a cause of increased CVD mortality [ 13 ].  

12.4     Overcoming Existing Gaps: 
Going Above and Beyond 
Panic Disorder Research 

 Comorbidity rates between  PD   and depression 
may reach as much as 50 % [ 14 ]. Considering the 
paucity of prospective studies on the association 
between PD and CVD, we shall add data from 
analogous conditions, such as depression and 
other anxiety disorders, on cardiovascular mor-
tality, in order to enrich our discussion. Leung 
and colleagues [ 15 ], in a meta-analysis, found an 
increased risk of 1.79 (95 % CI = 1.45–2.21) for 
all-cause mortality, cardiac mortality, rehospital-
ization, or major adverse cardiac events in 
patients with incident depression. Furthermore, 
they also showed that incident depression, after 
an acute coronary event, might also affect the 
same outcomes (effect size = 2.11; 95 % CI = 
1.66–2.68). Considering anxiety disorders, 
Phillips et al. [ 16 ] reported that subjects with 
 generalized anxiety disorder (GAD)   may have an 
increased risk of 2.89 (95 % CI: 1.59–5.23) for 
incident CVD. After controlling for a number of 
confounders, this association was no longer sig-
nifi cant (HR 1.84; 95 % CI: 0.98–3.45). 

 However, a subsequent study by Roest et al. 
[ 17 ], after controlling  for   confounders, found an 

increased risk of 1.94 (95 % CI: 1.14–3.30) for all-
cause mortality and cardiovascular-related read-
missions in patients  with   generalized anxiety 
disorder (GAD) after a myocardial infarct. Finally, 
Mykletun et al. [ 18 ], analysing data from the 
HUNT study, proposed that the relationship 
between GAD and mortality may be U-shaped, 
with highest mortality risks for low and severe anx-
iety loads. In this particular study, mortality risk for 
GAD was comparable to the risk associated with 
smoking. In accordance with Mykletun et al., a 
meta-analysis reported an increased risk of 1.83 
(95 % CI, 1.65–2.03) for all-cause mortality in 
smokers compared to non-smokers [ 19 ] (Fig.  12.1 ).

12.5        What is Beneath? 

 Since empirical data does not fully answer the 
question weather PD is a cause to CVD, biologi-
cally plausible pathophysiological mechanisms 
connecting both are going to be further 
discussed. 

 There are at least four mediators that could pos-
sibly be situated in the causal pathway between 
PD and CVD, none of which excluding the remain-
ing mediators: (1) pleiotropy; (2) chronic changes 
in the heart rate variability (HRV); (3) unhealthy 
lifestyle and (4) atherosclerosis. 

12.5.1            Pleiotropy   

 Conceptualized as genetic variations that can 
result in distinct phenotypes in different body 
systems, a classic example of pleiotropy is  phe-
nilketonuria (PKU)  . PKU is an autosomal 
recessive defi ciency on the gene involved in the 
transcription of the enzyme phenylalanine 
hydroxylase, which is necessary for  the   metab-
olism of phenylalanine to tyrosine. The accu-
mulated phenylalanine is then converted to a 
toxic substance (phenylpyruvate), which in turn 
can result in a range of complications in diverse 
body systems, such as skin lesions and mental 
retardation. 

 The idea of pleiotropy comes especially from 
studies on depression and CVD. For instance, 
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Mannie et al. [ 20 ] found out that adolescents with 
no current or past mental illnesses whose mothers 
had at least one depressive episode had higher 
mean arterial blood pressure and increased insu-
lin resistance than adolescents whose mothers 
had no history of depressive episodes. 
Considering high rates of comorbidity between 
PD and depression [ 14 ] and a recent transcrip-
tome study by Gormanns et al. [ 21 ], in which sig-
nifi cant changes in the enzymatic activation 
involved in glycolysis and vascular growth/mod-
eling were detected in patients with anxiety 
disorders, the hypothesis that the same underly-
ing genetic vulnerability could explain part of the 
association between PD and CVD is quite plau-
sible. On the other hand, lack of specifi city is a 
problem to be addressed by future research.  

12.5.2     Chronic Changes in  the      Heart 
Rate Variability 

 Decreased vagal tone is considered a risk factor 
for a number of adverse outcomes, among which 
increased mortality is included. Decreased HRV 
is the most studied marker of impaired vagal 

tone, which is called “autonomic infl exibility” by 
some authors because it might indicate an 
impaired capacity of superior cortical structures 
(e.g., pre-frontal cortex) inhibit phylogenetically 
inferior regions (e.g., amygdala). Increased mor-
tality for vagotomized patients or individuals 
with decreased HRV has been demonstrated in 
different settings, such as intensive-care units and 
emergency rooms, as compared to controls with 
no impairment in vagal activity [ 22 ,  23 ]. 
Furthermore, Pittig et al. showed that patients 
with PD had a decreased HRV compared to 
healthy controls [ 24 ] and Diveky et al. demon-
strated that cognitive-behavioral therapy (CBT) 
had incremental effects on HRV in patients with 
PD allocated to intervention compared to 
controls [ 25 ]. Altogether, although preliminary, 
evidence point out that autonomic  infl exibility 
  could possibly mediate the relationship  between 
  PD and CVD.  

12.5.3        Unhealthy Lifestyle 

 The prevalence of low levels of physical activity 
(PA) in individuals with panic attacks in the 
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  Fig. 12.1    Proposed models for the relationship between anxiety and CVD       
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WHI study was 45,8 % [ 11 ]. On the other hand, 
lower levels of physical activity practice are 
associated to increased anxiety levels [ 26 ]. 
Whether this relationship is causal or not is still 
unknown. Also, several studies showed benefi t 
of different exercise protocols on anxiety disor-
ders and symptoms, including PD [ 27 ]. The fact 
that avoidance of interoceptive threatening stim-
uli is a marked characteristic of PD, by itself, 
already justifi es these fi ndings on decreased PA 
practice, since physical exercise exacerbate 
physiological signs such as heart rate and breath-
ing. Confi rming such clinical observation, a 
recent study demonstrated that individuals with 
lifetime PD and higher somatic symptoms on 
Beck Anxiety Inventory [ 28 ] showed lower lev-
els of PA. However, it is not clear to what extent 
the propensity to lower levels of PA during 
development is the consequence of a common 
trait that also leads to PD independently later in 
life. Although studying a sample with depressive 
disorder, such hypothesis was recently tested 
and confi rmed in an elegant study by De Moor 
et al. [ 29 ]. 

 The association between PD and an unhealthy 
lifestyle is also true for other factors, such as 
smoking [ 30 ] and higher body weight [ 31 ]. 
Indeed, much of the variance of the association 
among PD and anxiety symptoms and CVD can 
be attributed to such factors – when controlling 
for them in multivariate analysis, usually the 
effect sizes, although still signifi cant, decrease in 
magnitude. Thus, the most plausible is that an 
unhealthy lifestyle partially – and not fully – 
mediate the relationship between PD and CVD.  

12.5.4           Atherosclerosis 

 Atherosclerosis is essentially an infl ammatory 
process involving vascular endothelium that can 
lead to the development of CVD. There are sev-
eral ways of measuring atherosclerosis in 
research settings, the most frequent in studies 
involving patients with PD and anxiety symp-
toms are  intima-media thickness (IMT)  , fl ow- 
mediated dilation (%FMD),  pulse-wave velocity 
(PWV)   and plethysmography. Two prospective 

studies found an association between increased 
anxiety symptoms at baseline and poor vascular 
health. Paterniti et al. [ 32 ] reported that individ-
uals with higher scores in the  State-Trait Anxiety 
Inventory (STAI)   [ 33 ] showed increased IMT 4 
years later. Consistent with them, Belem da Silva 
et al. [ 34 ] described a positive association 
between anxiety symptoms assessed by the 
 Hamilton Anxiety Questionnaire (HAM-A)   [ 35 ] 
and a worse %FMD measured a median 8 years 
later in subjects with no reported history of pre-
vious CVD. Despite all subjects had a lifetime 
diagnosis of PD, no signifi cant %FMD differ-
ences were found between patients with current 
PD  versus  remitted PD. On the  other   hand, after 
controlling for multiple confounders, Cicek 
et al. [ 36 ] found a positive cross-sectional asso-
ciation between PD and pathological PWV 
changes. In light of these studies, atherosclerosis 
may play a role in the development of CVD in 
patients with PD and no history of CVD. However, 
the way anxiety is assessed (e.g., cross-section-
ally vs longitudinally; using symptom scales vs 
diagnostic scales) likely infl uence outcomes. 
For instance, weather psychometric scales with 
an important somatic component, such as HAM-
A, might in fact indicate symptoms of subclini-
cal CVD is still not clear. Interestingly, Stillman 
et al. [ 37 ] found that post-myocardial infarction 
(post-MI) patients with higher anxiety levels 
showed increased atherosclerosis compared to 
those with lower anxiety levels. Their fi ndings 
support a possible role for the interaction 
between pre- existent CVD and anxiety symp-
toms in general. Supporting such an interaction, 
Fleet et al. [ 38 ], investigating a sample of 
patients with coronary artery disease, found that 
the group developing panic attacks after 35 % 
CO 2  inhalation presented higher levels of perfusion 
defects assessed by  single-photon emission 
computed tomography (SPECT)   than controls 
with no panic attacks. Interestingly, Soares-Filho 
et al. [ 39 ], reporting results of a case-series of 
patients with PD and no CVD, evidenced that the 
only case of perfusion defects on SPECT after 35 % 
CO 2  challenge occurred in a subject that reported no 
panic attacks. Both studies using SPECT suggest 
three possible pathophysiological mechanisms: 
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(1) perfusion defects induced by startle response, 
(2) a redistribution of blood fl ow in response to a 
CO 2 -induced vasodilatation  in   certain coronary 
vessels and (3) a decreased tendency of PD-free 
individuals to refer PD-like symptoms. Most 
likely, a myriad of factors such as pre-existent 
atherosclerosis, adrenergic reactivity and altered 
interoception – or the capacity of sensing our 
own bodily physiological changes – interact for 
the genesis of CVD in predisposed individuals 
with PD.   

12.6     To Prevent or Not to Prevent: 
The Question of Reversibility 

 Again, shall we apply lessons learned from the tri-
als on depression and CVD to discuss implications 
and recommendations concerning PD and CVD: 
no matter which of the discussed relationships 
between the former and the later are valid, no con-
clusions should be drawn until consistent epidemi-
ological data on successful PD treatment and 
reduction of mortality incidence by CVD are pub-
lished. As mentioned previously, plenty of data 
exist on the association between depression and 
CVD. However, two large-scale trials, namely 
 Sertraline Anti-Depressant Heart Attack Trial 
(SADHART)   and  Enhancing Recovery in Coronary 
Heart Disease (ENRICHD)  , failed to show benefi t 
of antidepressant treatment and  cognitive-behav-
ioral therapy (CBT)   on mortality reduction in 
patients with depression and CVD [ 40 ,  41 ]. To 
date, no epidemiological study has yet been 
designed to test such hypotheses in patients with 
PD; thus, the utility of recommending treatment of 
the underlying anxiety condition in order to prevent 
CVD and mortality by CVD remain elusive.  

12.7     Conclusion 

 Although epidemiological studies cannot answer 
the question of weather PD and CVD are causally 
linked, the existence of plausible biological 
explanations for the association should fuel the 
design of longitudinal studies testing it as an  a 
priori  hypothesis. Once confi rmed, the clinical 
utility of the association between PD and CVD 

will only be proven when data on CVD preven-
tion after PD treatment become available.     
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   Abstract  

  Panic attacks may present with conspicuous 
respiratory symptoms, which may also occur 
between attacks. Patients with panic attacks 
and respiratory symptoms have increased sus-
ceptibility to respiratory panicogenic challenges 
than patients without respiratory symptoms. 
Highly stressful situations, which may trigger a 
severe anxiety state such as panic attacks are 
characterized by a prothrombotic phenotype that 
increases the risk of thromboembolic events. 
Although episodes of pulmonary embolism 
might be accompanied by panic attacks, pulmo-
nary embolism is seldom suspected when anxiety 
is the most likely alternative diagnosis. Given that 
recurrent thromboembolic disease may compli-
cate with pulmonary artery hypertension and 
death, the diagnosis of pulmonary thromboem-
bolism is fundamental. The diagnosis of pulmo-
nary thromboembolism requires a high index of 
suspicion, because showers of microemboli are 
often asymptomatic or they may present with 
dyspnea, cough and wheezing, mimicking 
asthma. Notably, many patients with pulmonary 
thromboembolism have a relatively clear chest 
X-rays while severely hypoxemic. Confi rmation 
of diagnosis usually depends on ventilation/per-
fusion lung scan or invasive imaging studies, 
such as computed tomographic pulmonary angi-
ography. This paper discusses the characteristics 
of panic attacks that invite the suspicion of pul-
monary embolism. It also suggests some diagnos-
tic algorithms that help rule out thromboembolic 
disorders in the setting of panic attacks.  
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13.1       Introduction 

 Despite major advances in understanding the 
pathogenesis of  panic attacks  , some questions 
remain open. For example, is it possible that 
showers of microemboli could play a role in trig-
gering or aggravating the attacks? Moreover, 
could psychiatrists help prevent pulmonary 
hypertension, a life-threatening disorder with 
great impact on exercise capacity and quality of 
life? Last, not least, is it possible that drugs com-
monly prescribed for panic disorder respiratory 
subtype could reduce thrombotic risk? Chances 
are high of an affi rmative answer to all these 
questions. The objective of this chapter is to 
review the characteristics of panic attacks that 
might lead one to suspect pulmonary embolism.  

13.2     Panic Attacks and  Pulmonary 
Embolism      

 Some patients may present with prominent respi-
ratory symptoms during and between panic 
attacks. These patients have a lower threshold to 
panicogenic challenges, such as inhalation of 35 % 
carbon dioxide, hyperventilation, sodium- lactate, 
breath-holding or caffeine [ 1 ,  2 ] than patients with 
panic attacks without respiratory symptoms. 
Patients with recurrent pulmonary embolism have 
increased ventilatory dead space, due to reduced 
blood fl ow to ventilated alveoli. An increased ven-
tilatory drive and cardiovascular adjustments aim-
ing at correcting hypoxia and hypercarbia [ 3 ] 
would probably lower the threshold of panico-
genic challenges to induce panic attacks. 

 Highly stressful situations, such as panic 
attacks, are characterized by platelet activation 
and increased plasma levels of factors VII and 
VIII, fi brinogen and von Willebrand factor, all of 
which contribute to a prothrombotic state [ 4 ] that 
increase the risk of a thromboembolic event. 

Although it is known that some patients with 
acute pulmonary thromboembolism may have a 
concurrent panic attack [ 5 ], the prevalence of 
pulmonary embolism in patients who present 
with panic attacks has not yet been estimated.  

13.3        Suspecting of Pulmonary 
Embolism 

 The diagnosis of pulmonary embolism should be 
vigorously pursued, because recurrent pulmonary 
embolism may complicate with pulmonary hyper-
tension, a devastating condition [ 6 ]. Bearing in 
mind that only 50–80 % of the patients with pul-
monary hypertension related to chronic thrombo-
embolism were aware of the thromboembolic 
events, there is good reason to assume that pulmo-
nary embolism is dramatically underdiagnosed 
[ 7 ]. Indeed, pulmonary embolism is seldom sus-
pected in psychiatric or in non- psychiatric emer-
gency rooms when an anxiety disorder is the most 
likely alternative diagnosis [ 8 ]. 

 Conditions that increase the risk of a thrombo-
embolic event include: immobility, such as in 
heart failure or prolonged air travel, obesity and 
other infl ammatory disorders, cancer, a previous 
episode of thromboembolism, varicose veins, 
pregnancy, the puerperium and estrogen use, as 
in oral contraception. Although moderate regular 
exercise decreases the risk of venous thrombo-
embolism, both injury and dehydration increase 
the risk, which means that marathon athletes, for 
example, are not protected against thrombotic 
events [ 9 ]. 

 Different from massive or sub-massive pul-
monary thromboembolism, whose clinical pre-
sentation includes pleuritic chest pain, 
hemoptysis, hemodynamic instability and death, 
showers of microemboli are often asymptomatic 
or may present with dyspnea, cough, and wheez-
ing, mimicking asthma [ 10 ,  11 ]. Windebank et al. 
[ 12 ] have shown that 4 % of 250 patients with 
acute pulmonary embolism demonstrated by pul-
monary angiography had suffi cient wheezing to 
be at  fi rst   misdiagnosed with asthma. 

 The relationship between asthma and panic 
attacks is bidirectional. The frequency of panic 
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spectrum symptoms in asthmatic patients has 
been reported to be from 6 % to 24 % [ 13 ,  14 ]. A 
large epidemiological study has demonstrated a 
more than threefold risk of pulmonary embolism 
for the asthmatic cohort, compared with the non-
asthmatic cohort, after adjusting for sex, age, 
comorbidities and estrogen supplementation 
[ 15 ]. It has also been shown that patients with 
severe asthma and a  comorbid mental disorder   
have a 12-fold greater risk for two or more asthma 
exacerbations and almost fi vefold greater risk for 
two or more hospitalizations per year, compared 
to patients with severe asthma without mental 
disorders [ 16 ]. 

 Suspicion of a thromboembolic event should 
be raised in patients with severe asthma [ 17 ], in 
those with frequent asthma exacerbation or respi-
ratory symptoms severe enough  to   require hospi-
talization [ 15 ] and in asthmatic patients with 
concurrent panic attacks.  

13.4        Confi rming the Diagnosis 
of Pulmonary Embolism 

 Although some patients with pulmonary embo-
lism may present with band atelectasis or eleva-
tion of a hemidiaphragm on chest X-ray fi lm, 
many patients have a relatively clear chest X-rays 
while severely hypoxemic. Severity of hypox-
emia is often intuitively interpreted with the 
amount of chest X-ray infi ltrates, because pus, 
fl uid, blood or proteinaceous material in the air-
space may reduce alveolar ventilation and gas 
exchange. In case of acute pulmonary embolism, 
hypoxemia results from abnormal perfusion, 
while ventilation is not a problem [ 18 ]. 

 It is recommended that the diagnosis of pul-
monary embolism be confi rmed with ventilation/
perfusion lung scan or computed tomographic 
pulmonary angiography, an invasive procedure 
with recognized morbidity, such as contrast- 
induced nephropathy, and mortality. Different 
algorithms have been proposed to help rule out 
pulmonary embolism. For example, Wells et al. 
[ 19 ] have assigned scores to seven variables. 
Patients are considered low probability if the 
score is <2.0, moderate if the score is 2.0–6.0 and 

high if the score is >6.0 (Table  13.1 ). Measurement 
of plasma D-dimer levels by  enzyme-linked 
immunosorbent antibody (ELISA)   assay should 
be performed in all patients classifi ed as low 
probability. D-dimer results from fi brin degrada-
tion and it is present in the blood after a blood 
clot is degraded by fi brinolytic enzymes. 
Pulmonary embolism can be ruled out if score is 
<2.0 and D-dimer levels are <500 μg/L. Wells 
score uses a subjective criterion: “is pulmonary 
embolism the most likely diagnosis?” which may 
lead to confusion when the disorder presents with 
a panic attack.

   Another algorithm, known as the  revised 
Geneva score   [ 20 ], analyses nine variables. 
Probability of pulmonary embolism is low in 
patients with ≤3 points, intermediate in those 
with 4–10 points and high in patients with ≥11 
points (Table  13.2 ). Again, if the patient is classi-

   Table 13.1    Probability of  pulmonary embolism  : Wells 
score   

 Clinical symptoms of deep venous thrombosis  3 
 No alternative diagnosis  3 
 Heart rate > 100  1.5 
 Immobilization or surgery in the previous 4 
weeks 

 1.5 

 Previous deep venous thrombosis or pulmonary 
embolism 

 1.5 

 Hemoptysis  1 
 Malignancy  1 

  Probability of  pulmonary embolism  : sum of scores 
<2 = low; 2–6 = moderate; >6 = high  

   Table 13.2    Probability of  pulmonary embolism  : revised 
Geneva score   

 Age > 65 years  1 
 Previous deep venous thrombosis or pulmonary 
embolism 

 3 

 Surgery or fracture within 1 month  2 
 Active malignant condition  2 
 Unilateral lower limb pain  3 
 Hemoptysis  2 
 Heart rate of 75–94 beats per minute  3 

 Heart rate ≥ 95 beats per minute  5 
 Pain on lower-limb deep venous palpation and 
unilateral edema 

 4 

  Probability of pulmonary embolism: sum of scores 
<3 = low; 4–11 = intermediate; >11 = high  
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fi ed as low probability and D-dimer levels are 
<500 μg/L, the diagnosis of pulmonary embolism 
is highly improbable.

   A computed tomography pulmonary angiogra-
phy should be performed in all patients with ele-
vated D-dimer levels or a prediction score 
indicating moderate or high risk [ 19 ,  20 ]. Given 
that pulmonary embolism is usually a complica-
tion of a deep venous thrombosis, a Doppler ultra-
sound of lower extremities should be also carried 
out. Compression sonography visualizing proxi-
mal deep vein thrombosis may be useful to con-
fi rm pulmonary embolism without the need for 
further imaging tests [ 21 ]. However, it is important 
to remember that after the thrombus detaches and 
moves through the bloodstream to the lung, it may 
not be detected on ultrasound exam. Therefore, the 
absence of a deep venous thrombosis  does   not rule 
out pulmonary embolism.  

13.5     Therapeutic Aspects of  Panic 
Attacks   

 Since a number of medications that are effective 
in preventing and treating panic disorder possess 
anticoagulant and/or profi brinolytic properties, in 
theory the therapeutic arsenal against panic 
attacks would also help prevent and treat throm-
boembolic events. 

 Similar to impending invasive procedures and 
other situations likely to provoke acute anxiety 
symptoms, panic attacks may hasten the clotting 
time of whole blood and evoke a hypercoagulable 
state [ 22 ]. Following this reasoning, medications 
that could reduce anxiety symptoms, such as ben-
zodiazepines, would reduce hypercoagulability. 
In addition to their anxiolytic properties, clonaz-
epam and diazepam have been shown to inhibit 
thrombin,  adenosine diphosphate (ADP)   and ara-
chidonic acid-stimulated platelet aggregation  in 
vitro  [ 23 ]. Patients with panic disorder respira-
tory subtype have a fast and sustained response to 
clonazepam [ 24 ]. Of note, unlike many other 
benzodiazepines, clonazepam seems to interfere 
with serotonin metabolism [ 25 ]. 

 Serotonin induces the expression in endothe-
lial cells of both tissue factor and plasminogen 

activator inhibitor (PAI)-1 [ 26 ]. Tissue factor is 
the initial activator of the coagulation pathway, 
while PAI-1 is a major inhibitor of blood clot dis-
solution, a process known as  fi brinolysis  . 
Medications that interfere with serotonin metab-
olism, such as  selective serotonin-reuptake inhib-
itors (SSRIs),   may reduce thrombotic tendency 
and enhance fi brinolysis [ 27 ]. Resultant bleeding 
tendency is manifested by easy bruising, skin 
hematomas, gastrointestinal bleeding and 
increased bleeding following surgical procedures 
[ 27 – 29 ]. SSRIs such as sertraline, paroxetine, 
citalopram, escitalopram, fl uoxetine and fl uvox-
amine are highly effi cacious in the treatment of 
panic disorder [ 30 ]. 

 Respiratory subtype of panic disorder patients 
may respond to imipramine [ 31 ], a tricyclic anti-
depressant that inhibits ADP-induced platelet 
aggregation [ 32 ,  33 ].  Respiratory panic disorder   
may also exhibit a good response to both nortripty-
line and to clonidine, an alpha-2 adrenergic recep-
tor agonist [ 34 ,  35 ].  Nortriptyline   does not inhibit 
platelet activation [ 36 ], but it may increase norepi-
nephrine levels. Norepinephrine stimulates plas-
minogen activator release, which increases 
fi brinolytic activity [ 37 ]. Although clonidine does 
not affect thrombotic tendency, it reduces  both 
  oxygen consumption and pulmonary artery pres-
sure, without depressing the respiratory drive, 
which may benefi t patients with pulmonary disor-
ders such as pulmonary hypertension [ 38 ].  

13.6     Conclusion 

 We strongly recommend that pulmonary throm-
boembolism be ruled out in the setting of panic 
attacks, especially when presenting with conspic-
uous respiratory symptoms.     

   References 

    1.    Freire RC, Perna G, Nardi AE. Panic disorder respira-
tory subtype: psychopathology, laboratory challenge 
tests, and response to treatment. Harv Rev Psychiatry. 
2010;18(4):220–9.  

    2.    Parshall MB, Schwartzstein RM, Adams L, Banzett 
RB, Manning HL, Bourbeau J, et al. An offi cial 

S. Hoirisch-Clapauch et al.

mp2285@cumc.columbia.edu



215

American Thoracic Society statement: update on the 
mechanisms, assessment, and management of dys-
pnea. Am J Respir Crit Care Med. 
2012;185(4):435–52.  

    3.    Sudano I, Binggeli C, Spieker L, Lüscher TF, 
Ruschitzkam F, Noll G, et al. Cardiovascular effects 
of coffee: is it a risk factor? Prog Cardiovasc Nurs. 
2005;20(2):65–9.  

    4.    Austin AW, Wissmann T, von Känel R. Stress and 
hemostasis: an update. Semin Thromb Hemost. 
2013;39(8):902–12.  

    5.    Schlicht KF, Mann K, Jungmann F, Kaes J, Post F, 
Münzel T, et al. A 48-year-old woman with panic 
attacks. Lancet. 2014;384(9939):280.  

    6.    Simonneau G, Robbins IM, Beghetti M, Channick 
RN, Delcroix M, Denton CP, et al. Updated clinical 
classifi cation of pulmonary hypertension. J Am Coll 
Cardiol. 2009;54(1s1):S43–54.  

    7.    Scheidl SJ, Englisch C, Kovacs G, Reichenberger F, 
Schulz R, Breithecker A, et al. Diagnosis of CTEPH 
versus IPAH using capillary to end-tidal carbon diox-
ide gradients. Eur Respir J. 2012;39(1):119–24.  

    8.    Kabrhel C, McAfee AT, Goldhaber SZ. The probabil-
ity of pulmonary embolism is a function of the diag-
noses considered most likely before testing. Acad 
Emerg Med. 2006;13(4):471–4.  

    9.    Hull CM, Harris JA. Venous thromboembolism and 
marathon athletes. Circulation. 
2013;128(25):e469–71.  

    10.    Tapson VF. Acute pulmonary embolism. N Engl 
J Med. 2008;358(10):1037–52.  

    11.    Slaughter MC. Not quite asthma: differential diagno-
sis of dyspnea, cough, and wheezing. Allergy Asthma 
Proc. 2007;28(3):271–81.  

    12.    Windebank WJ, Boyd G, Moran F. Pulmonary throm-
boembolism presenting as asthma. Br Med 
J. 1973;1(5845):90–4.  

    13.    Zaubler TS, Katon W. Panic disorder in the general 
medical setting. J Psychosom Res. 
1998;44(1):25–42.  

    14.    Nascimento I, Nardi AE, Valença AM, Lopes FL, 
Mezzasalma MA, Nascentes R, et al. Psychiatric dis-
orders in asthmatic outpatients. Psychiatry Res. 
2003;110(1):73–80.  

     15.    Chung WS, Lin CL, Ho FM, Li RY, Sung FC, Kao 
CH, et al. Asthma increases pulmonary thromboem-
bolism risk: a nationwide population cohort study. 
Eur Respir J. 2014;43(3):801–7.  

    16.    ten Brinke A, Ouwerkerk ME, Zwinderman AH, 
Spinhoven P, Bel EH. Psychopathology in patients 
with severe asthma is associated with increased health 
care utilization. Am J Respir Crit Care Med. 
2001;163(5):1093–6.  

    17.    Majoor CJ, Kamphuisen PW, Zwinderman AH, Ten 
Brinke A, Amelink M, Rijssenbeek-Nouwens L, et al. 
Risk of deep vein thrombosis and pulmonary embo-
lism in asthma. Eur Respir J. 2013;42(3):655–61.  

    18.    Tsang JY, Hogg JC. Gas exchange and pulmonary 
hypertension following acute pulmonary thromboem-

bolism: has the emperor got some new clothes yet? 
Pulm Circ. 2014;4(2):220–36.  

     19.    Wells PS, Anderson DR, Rodger M, Ginsberg JS, 
Kearon C, Gent M, et al. Derivation of a simple clini-
cal model to categorize patients probability of pulmo-
nary embolism: increasing the models utility with the 
SimpliRED D-dimer. Thromb Haemost. 
2000;83(3):416–20.  

     20.    Le Gal G, Righini M, Roy PM, Sanchez O, Aujesky 
D, Bounameaux H, et al. Prediction of pulmonary 
embolism in the emergency department: the revised 
Geneva score. Ann Intern Med. 2006;144(3):165–71.  

    21.    Käberich A, Wärntges S, Konstantinides S. Risk- 
adapted management of acute pulmonary embolism: 
recent evidence, new guidelines. Rambam 
Maimonides Med J. 2014;5(4):e0040.  

    22.    von Känel R, Kudielka BM, Schulze R, Gander ML, 
Fischer JE. Hypercoagulability in working men and 
women with high levels of panic-like anxiety. 
Psychother Psychosom. 2004;73(6):353–60.  

    23.    Rajtar G, Zółkowska D, Kleinrok Z. Effect of diaze-
pam and clonazepam on the function of isolated rat 
platelet and neutrophil. Med Sci Monit. 
2002;8(4):I37–44.  

    24.    Nardi AE, Valença AM, Nascimento I, Lopes LF, 
Mezzasalma MA, Freire RC, et al. A three-year fol-
low- up study of patients with the respiratory subtype 
of panic disorder after treatment with clonazepam. 
Psychiatry Res. 2005;137(1–2):61–70.  

    25.    Moroz G. High-potency benzodiazepines: recent clin-
ical results. J Clin Psychiatry. 2004;65 Suppl 5:13–8.  

    26.    Kawano H, Tsuji H, Nishimura H, Kimura S, Yano S, 
Ukimura N, et al. Serotonin induces the expression of 
tissue factor and plasminogen activator inhibitor-1 in 
cultured rat aortic endothelial cells. Blood. 
2001;97(6):1697–702.  

     27.    Hoirisch-Clapauch S, Nardi AE, Gris JC, Brenner 
B. Are the antiplatelet and profi brinolytic properties 
of selective serotonin-reuptake inhibitors relevant to 
their brain effects? Thromb Res. 2014;134(1):11–6.  

   28.    de Abajo FJ, Rodríguez LAG, Montero D. Association 
between selective serotonin reuptake inhibitors and 
upper gastrointestinal bleeding: population based 
case-control study. BMJ. 1999;319(7217):1106–9.  

    29.    Jeong BO, Kim SW, Kim SY, Kim JM, Shin IS, Yoon 
JS. Use of serotonergic antidepressants and bleeding 
risk in patients undergoing surgery. Psychosomatics. 
2014;55(3):213–20.  

    30.    Mochcovitch MD, Nardi AE. Selective serotonin- 
reuptake inhibitors in the treatment of panic disorder: 
a systematic review of placebo-controlled studies. 
Expert Rev Neurother. 2010;10(8):1285–93.  

    31.    Briggs AC, Stretch DD, Brandon S. Subtyping of 
panic disorder by symptom profi le. Br J Psychiatry. 
1993;163:201–9.  

    32.    Mohammad SF, Mason RG. Inhibition of human 
platelet-collagen adhesion reaction by amitriptyline 
and imipramine. Proc Soc Exp Biol Med. 
1974;145(3):1106–13.  

13 Pulmonary Embolism in the Setting of Panic Attacks

mp2285@cumc.columbia.edu



216

    33.    Gómez-Gil E, Gastó C, Carretero M, Díaz-Ricart M, 
Salamero M, Navinés R, et al. Decrease of the platelet 
5-HT2A receptor function by long-term imipramine 
treatment in endogenous depression. Hum 
Psychopharmacol. 2004;19(4):251–8.  

    34.    Nardi AE, Nascimento I, Valença AM, Lopes FL, 
Mezzasalma MA, Zin WA, et al. Respiratory panic 
disorder subtype: acute and long-term response to 
nortriptyline, a noradrenergic tricyclic antidepressant. 
Psychiatry Res. 2003;120(3):283–93.  

    35.    Valença AM, Nardi AE, Mezzasalma MA, Nascimento 
I, Lopes FL, Zin WA, et al. Clonidine in respiratory 
panic disorder subtype. Arq Neuropsiquiatr. 
2004;62(2B):396–8.  

    36.    Pollock BG, Laghrissi-Thode F, Wagner 
WR. Evaluation of platelet activation in depressed 

patients with ischemic heart disease after paroxetine 
or nortriptyline treatment. J Clin Psychopharmacol. 
2000;20(2):137–40.  

    37.    Parmer RJ, Mahata M, Mahata S, Sebald MT, 
O'Connor DT, Miles LA. Tissue plasminogen activa-
tor (t-PA) is targeted to the regulated secretory path-
way catecholamine storage vesicles as a reservoir for 
the rapid release of t-PA. J Biol Chem. 
1992;272(2):1976–82.  

    38.    Pichot C, Petitjeans F, Ghignone M, Quintin L. Is 
there a place for pressure-support ventilation and high 
positive end-expiratory pressure combined to alpha-2 
agonists early in severe diffuse acute respiratory dis-
tress syndrome? Med Hypotheses. 
2013;80(6):732–7.      

S. Hoirisch-Clapauch et al.

mp2285@cumc.columbia.edu



217© Springer International Publishing Switzerland 2016 
A.E. Nardi, R.C.R. Freire (eds.), Panic Disorder, DOI 10.1007/978-3-319-12538-1_14

     Abstract  

  Authors present in this chapter some relation-
ships between self- consciousness and panic 
 disorder. Discussion is based on Karl Jaspers’ 
phenomenological descriptions of the self- 
consciousness manifestations, aiming to 
explore the ideas of Jaspers about the relations 
between self- constitution and panic attacks. 
Some broad defi nitions of self- consciousness 
and some illustrated descriptions of their path-
ological mani festations are also presented, 
and the some psychological contributions for 
panic disorder. Panic disorder etiologies keep 
under investigation and stressful events in 
childhood and adulthood seem relevant. 
Another aspect addressed in this chapter is the 
association between brain  regulation of self- 
consciousness, since neurological regulation 
of self-consciousness depends on brain struc-
tures responsible for programming and self- 
monitoring of our behavior. All common 
neurologic and clinical aspects between panic 
and schizophrenia seem to be connected by 
self- consciousness physiopathology and its 
psychopathological manifestations.  
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14.1        Self-Consciousness   
Defi nitions 

 We will present some relationships between self- 
consciousness and panic disorder. The reader will 
fi nd four broad defi nitions of self- consciousness 
and some illustrated descriptions of their patho-
logical manifestations. Although these affl ictions 
of self-conscious are classically described in 
 psychosis, other less severe effects are also com-
monly seen in panic attacks. When panic anxiety 
is combined with global self- consciousness defi -
cits, there may even be a panic psychosis. The 
discussion is based on Karl Jaspers’ phenom-
enological descriptions of the self-consciousness 
manifestations. Karl Jaspers (1883–1969) was 
a German psychiatrist and philosopher who 
decisively contributed to the development of 
Psycho pathology through his book “ General 
Psychopathology  ” [ 1 ]. 

 Jaspers states that self-consciousness is the mind’s 
ability to be conscious of itself. Self- consciousness 
differs from objective consciousness – which is the 
ability to be aware of perceptions of the outside 
world. Self- consciousness includes four different 
mental capacities: awareness of one’s actions, unity 
of selfhood consciousness, self-identity conscious-
ness and capacity to differentiate oneself from the 
environment and from other people. Through these 
characteristics and their containments, the self turns 
into a personality [ 1 ]. 

 Each self-activity of the mind has its own sub-
jective way of functioning, based on instinctive 
functions, which were considered by Jaspers as 
the inborn states of the self, and emotional 
 feelings, considered as spontaneous self states. 
Personality is the individualization that occurs 
when a psychic life event, such as  a   bodily sensa-
tion or other perception, or the evocation of a 
memory, helps form a unique character-forming 
experience in each human being. It gives per-
sonal character to everyone’s distinct mind. 
In addition, Jaspers recognized the importance 
of mind-body unity. That unity depends on 
unconscious manifestations of the brain, where 
our body functions and instincts come from [ 1 ]. 
When emotional feelings and automatic- 
unconscious manifestations match as expected, 

they can be understood as a unique personal 
experience. When these events are experienced 
with a feeling of strangeness accompanied by an 
unexpected automatic response, then deperson-
alization as a symptom happens [ 1 ]. 

 Patients who experience depersonalization 
usually report feelings of self-strangeness, as if 
they were acting mechanically or automatically. 
Living in a shadowy state, patients experience a 
feeling of vague existence, which is sometimes 
similar to a death feeling or a feeling of non- 
existence. These mind states described have been 
considered self-existence disorders. Another kind 
of manifestation of self-consciousness is self-
activity disorder, it occurs when actions or psy-
chic manifestations are felt by the patient as not 
belonging to him, but happening out of his con-
trol. A usual example is an obsessive patient who 
does not know the reason or the origin of his 
unwilled thoughts and, not being able to stop 
thinking about it, develops the sensation of non- 
self- generated thoughts, as if they were not pro-
duced by his own mind but by something from 
the outside world. Jaspers called these manifesta-
tions “ infl uenced voluntary action  ”. 

 Other examples are observed in psychosis, as 
when a patient believes that some thoughts were 
inserted in his head, started to control his actions 
and experiencing an inability to disobey [ 1 ]. In a 
less severe presentation, a patient cannot stop 
worrying about the possibility of suffering from a 
lethal disease and for this reason keeps looking 
for medical assistance. This patient, even though 
aware of the absurdity of his idea, feels that he 
lost control, and fears being crazy. Another com-
mon symptom in severe anxiety is the dissocia-
tive state. Although not the same as hallucinations 
or feelings of external control, dissociation  is 
  considered a kind of self-unity pathology. Jaspers 
describes dissociation as a “ double personality  ” 
caused by the notion of an imbalanced conscious-
ness, when self-split is experienced [ 1 ]. 

 A third additional subtype of self- 
consciousness is self-identifi cation.  Self- 
identifi cation   is the ability of being aware 
of ourselves throughout existence. Self- 
identifi cation distortions are usually seen in 
 psychotic patients, as we hear their reports about 
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how different they feel after psychosis, as if they 
have become a different person. Psychotic 
patients sometimes actually develop self-identity 
delusions, starting to introduce themselves and 
act as another person. 

 In patients with schizophrenia, a fourth self- 
consciousness manifestation is even more com-
mon and it occurs because of the inability of the 
patient to differentiate their inside world from the 
outside world. All is experienced as a mixture of 
what is felt or thought and what is perceived from 
the environment. Jaspers illustrated this kind of 
symptom with a patient belief that everyone 
could know what he was thinking, making 
it unnecessary for him to express himself. In 
another example, some patients report that 
they are not able to hide anything from others – 
convinced that all their thoughts are revealed [ 1 ]. 
This is similar to Eugen Bleuler’s (Swiss psychi-
atrist; 1857–1939) view of schizophrenia as a 
disconnection between the real world and the 
unconscious emotional world. 

 Even in simpler psychotic manifestations, 
such as auditory hallucinations, this inability to 
differentiate self-phenomena from the world can 
be observed: voices are the patient’s thoughts 
experienced as coming from the outside world. 
This inability to differentiate inner word and 
outer world is not exclusive to psychosis. It can 
be observed in a moderate to slight degree in 
anxiety disorders, and even among people with-
out a mental disorder. For example, appropriate 
discrimination between an individual’s feelings 
of exclusion and a true rejection by a group – 
which is the inner experience and which is the 
external reality – is diffi cult even for mature 
 people [ 2 ], and is more pronounced in atypical 
depression. It could even be said that the com-
plete and unequivocal distinction between inter-
nal and external is never fully acquired  at   any 
point in a lifetime.  

14.2     Self-Consciousness 
Disorders in  Panic Disorder   

 Here we aim to explore the ideas of Jaspers about 
the relations between self-constitution and panic 
attacks. His constitution concept is described as 

an entire notion of body life, where all bodily 
functions, including mental ones, are connected 
and integrated. There is also the idea of a psychic 
constitution, which is experienced in an way 
entirely connected with the body. This broad 
integration notion produces subjective character-
istics to each person. It means that although psy-
chopathological symptoms are classifi ed in the 
same way to everyone, according to Jaspers each 
symptom has a different “color and meaning” in 
one’s mind [ 1 ]. 

 In panic disorder, an imbalance in this mind- 
body integrated notion can be seen. Patients 
experience symptoms in a confused way and may 
show some diffi culty in naming them. It is rare 
that a patient presents to a psychiatrist with 
clearly self-described panic attacks, unless they 
have already been diagnosed elsewhere. For this 
reason, assisting these patients is a day by day 
multi-professional challenge. Patients are affec-
ted by bodily discomforts that are actually not 
from a physical illness, but clearly located in 
organs that after careful investigation do not 
show physical pathology suffi cient to explain 
those symptoms. 

  Panic anxiety   seems to translate as a break-
down in self-consciousness caused by a fear of 
self-disintegration and from the global anxiety 
provoked by a feeling of imminent death [ 2 ] or 
social exile. Patients affl icted with panic attacks 
have a real sensation of self-fragmentation, with 
a feeling of being about to loose control and of 
not being able to keep mind-body integrity. In 
this direction, self-consciousness would be 
affected: self-activity, represented by the ability 
of making decisions and acting by our own free 
will, is temporarily impaired by the panic epi-
sode’s intense fear. Especially when panic 
 symptoms are readily explained by real world 
situations, patients experience mere living as 
threat, since a panic attack can show up anytime 
and anywhere. Regarding self-unity, panic 
 symptoms can seem like a stranger inside some-
one’s mind, becoming the patient vulnerable to 
himself, having no control of symptoms and no 
idea of how to behave in a crisis. 

 Among other factors, an important psycho-
logical etiology of panic disorder is impaired 
psychological development during childhood. 
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Infants and young children who experienced 
physical or psychological traumas during impor-
tant periods to personality development might be 
more susceptible to panic anxiety in later life. In 
cases of a more disorganized self-structure, who 
had an early failure in the protective network, 
emotional and self-consciousness development 
may be affected. Panic disorder etiologies keep 
under investigation and stressful events in child-
hood and adulthood seem relevant. Early parental 
loss is  more   common in panic disorder patients 
[ 3 – 5 ], but other stressful events just before the 
onset of panic manifestations happen in the 
majority of the cases [ 6 ,  7 ].  

14.3     Brain Regulation 
of  Self-Consciousness   

 Neurological regulation of self-consciousness 
depends on brain structures responsible for pro-
gramming and self-monitoring of our behavior. 
Motor activity is fi rstly planned and programmed 
by frontal cortex areas. Then, when efferent 
activity is started, unconscious feedbacks from 
peripheral receptors, basal nucleus and cerebel-
lum are simultaneously activated, continuously 
adjusting the motor behavior [ 8 ]. At the end, 
a matched sensory and programmed behavior 
brings the sensation of a self-generated one, 
while a mismatch between them leads to the imp-
ression of an environmental caused action [ 9 ]. 
Motor physiology usually seems easy to under-
stand, but not every mental intention turns into 
action. At the same time, even non-motoric men-
tal intentions have to be planned, and might be 
seen as hidden actions [ 10 ]. In that cases, differ-
ent brain areas are activated as self-monitors, 
such as the  anterior cingulate cortex (ACC)   and 
speech areas (Broca and Wernick). 

 Recently, hidden actions self-monitoring brain 
structures have been better understood through 
 Positron Emission Tomography (PET)   and  func-
tional Magnetic Resonance Imaging (fMRI) 
studies  . Examination of patients with severe 
 psychological experiences of self- consciousness 
imbalance (such as the Schneiderian fi rst-rank 
symptoms and auditory hallucinations), using 

functional imaging tools recently revealed 
 important fi ndings. Studies examining verbal 
production usually found a functional decrease in 
self-monitoring areas such as the ACC, superior 
parietal and temporal regions (speech and asso-
ciation areas), hippocampus (association) and 
cerebellum when patients were experiencing 
auditory hallucinations or producing speech, or 
even just imagining words [ 11 ,  12 ]. At the same 
time that this self- monitoring function decrease 
occurs, images of the brain show an increase in 
primary sensory areas such as the temporal audi-
tory cortex [ 13 – 18 ]. The brain, not being able to 
integrate self experiences because of a discon-
nection between posterior-sensory and frontal-
executive regions and because of a decreased 
function of self- monitoring areas, tends to work 
in a simpler mode using its sensory capacity to 
keep perceiving the world. However, with poor 
differentiation between internal and external 
worlds, many mental experiences become just 
one unconscious world. 

 Among all these neuroanatomical structures 
related with self-consciousness imbalances, some 
 are   also parts of the fear circuitry. The one which 
seems to deserve special attention is the ACC. The 
ACC, as part of the limbic system, participates in 
affective reactions [ 19 ,  20 ]. And, while the dorsal 
region of  the   ACC performs cognitive functions, 
its ventral portion is involved in the regulation of 
emotional responses [ 19 ]. The cognitive part of 
the ACC is connected with parietal and frontal 
areas, which play a role in spatial location and 
self-programming [ 19 ]. The emotional part of the 
ACC is directly linked to important structures of 
the fear circuit [ 21 ], particularly the amygdala, 
hypothalamus and periaqueductal gray matter [ 20 ]. 
Having these functions and connections, the ACC 
might be a pathway between two basic mental 
functions: self- consciousness and emotions. 

  Depersonalization (DP)   and derealization are 
less severe psychopathological manifestations of 
self-consciousness, as previously described in 
this chapter. DP is a slight to moderate sensation 
of strangeness about our own body, movements, 
feeling and thoughts, where the patient keeps 
aware of this unusual mind state. Although DP 
may happen in many psychiatric disorders, such 
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as schizophrenia, these manifestations are much 
more common in severe anxiety disorders. In 
panic disorder, DP reaches its highest prevalence, 
between 25 % and 80 % [ 22 ], and is included as 
one of the diagnostic symptoms of PD. In neuro-
biological studies, dysfunctional brain areas in 
DP patients overlap with the dysfunctional areas 
in patients with schizophrenia or fi rst rank 
symptoms. 

 Sierra and Berrios [ 23 ] postulated a functional 
sensory–limbic disconnection. Sensory and pre-
frontal cortices are usually balanced with limbic 
areas through information interchanges through 
the cingulate cortex, mainly its anterior part – the 
ACC. According to this theory, a hyperactivity of 
the medial prefrontal cortex inhibits part of the 
amygdala and indirectly the ACC. At the same 
time, a hyperactivity of some amygdala circuits 
controlling both cholinergic and monoaminergic 
ascending circuits lead to the activation of atten-
tion in prefrontal cortex areas. The simultaneous 
activity of these two opposing mechanisms lead 
to a state of hyper-attention associated to a state 
of hypo-emotionality [ 22 ], characterizing the 
feelings of DP. 

 All the self-consciousness pathologies noted 
here seem to be related to a state of disconnection 
in the brain. Considering DP as one of the symp-
toms of a panic crisis, this self-consciousness 
symptom seems  to   be associated with – and per-
haps caused by – a severe anxiety state. Depen-
ding on frequency and severity of the anxiety 
symptoms and the amount of hypofrontality 
a patient has, even more signifi cant self- 
consciousness symptoms might happen, such as 
psychotic symptoms [ 2 ].  

14.4      Panic Psychosis   

 While certain relationships between panic and 
schizophrenia have been observed for many 
years, recent reports have better established the 
fi ndings and raised further questions for research 
and treatment. One observation is the common 
occurrence of panic anxiety in the prodromal 
phase of schizophrenia [ 24 ], a higher prevalence 
of panic in schizophrenia when comparing to 

the general population [ 25 ], the existence of 
 paroxysmal anxiety concomitant with auditory 
hallucinations and delusions in schizophrenia 
[ 26 ]. This latter fi nding supports clinical observa-
tion that voices may sometimes be audible panic 
attacks. Panic and schizophrenia also share some 
common etiological factors [ 27 ] such as heritage, 
biochemical factors, increased manifestations 
with marijuana use and overlapped brain areas. 
Indeed, alprazolam and clonazepam are anti- 
panic benzodiazepines that can substantially 
improve both positive and negative schizophre-
nia symptoms when panic anxiety is also present 
[ 28 ]. This collection of fi ndings relations even 
justifi es the proposal of a novel diagnostic cate-
gory, perhaps “panic psychosis” [ 26 ]. 

 Briefl y, panic psychosis may defi ne a distinct 
subgroup of schizophrenic patients with paroxys-
mal panic attacks that are concurrent with abrupt 
onset of auditory hallucinations or delusions, as 
well as more frequent occurrences of positive 
symptoms [ 26 ,  29 ,  30 ]. They may differ from 
 ordinary   panic patients by hypofrontality leading 
to disruption of self-consciousness and conse-
quent psychosis.  

14.5     Conclusion 

 All these common neurologic and clinical aspects 
between panic and schizophrenia seem to be con-
nected by self-consciousness physiopathology and 
its psychopathological manifestations, illustrating 
the intriguing importance of self- consciousness in 
panic to understand the neurobiology and etiology 
of this disorder.     

   References 

           1.    Jaspers K. Psicopatologia Geral. São Paulo: Editora 
Ateneu; 2003.  

      2.    Veras AB, Nardi AE, Kahn JP. Attachment and self- 
consciousness: a dynamic connection between schizo-
phrenia and panic. Med Hypotheses. 2013;81(5):792–6.  

    3.    Fergusson DM, Lynskey MT, Horwood LJ. Childhood 
sexual abuse and psychiatric disorder in young adult-
hood: I. Prevalence of sexual abuse and factors asso-
ciated with sexual abuse. J Am Acad Child Adolesc 
Psychiatry. 1996;35(10):1355–64.  

14 Self-Consciousness and Panic

mp2285@cumc.columbia.edu



222

   4.    Kendler KS, Bulik CM, Silberg J, Hettema JM, Myers 
J, Prescott CA. Childhood sexual abuse and adult psy-
chiatric and substance use disorders in women: an 
epidemiological and cotwin control analysis. Arch 
Gen Psychiatry. 2000;57(10):953–9.  

    5.    Kendler KS, Neale MC, Kessler RC, Heath AC, Eaves 
LJ. Childhood parental loss and adult psychopathol-
ogy in women. A twin study perspective. Arch Gen 
Psychiatry. 1992;49(2):109–16.  

    6.    Faravelli C. Life events preceding the onset of panic 
disorder. J Affect Disord. 1985;9(1):103–5.  

    7.    Salum GA, Blaya C, Manfro GG. Transtorno do 
pânico. Rev Psiquiatr RS. 2009;31(2):86–94.  

    8.    Raveendran V, Kumari V. Clinical, cognitive and neu-
ral correlates of self-monitoring defi cits in schizo-
phrenia: an update. Acta Neuropsychiatr. 2007;19:
27–37.  

    9.    Frith CD. The cognitive neuropsychology of schizo-
phrenia. Erlbaum, UK: Taylor and Francis; 1992.  

    10.    Jeannerod M, Pacherie E. Agency, simulation and self 
identifi cation. Mind Lang. 2004;19:113–46.  

    11.   Frith CD, Friston KJ, Herold S, Silbersweig D, 
Fletcher P, Cahill C,et al. Regional brain activity in 
chronic schizophrenic patients during the perfor-
mance of a verbal fl uency task. Br J Psychiatry. 
1995;167:343–9.  

    12.    Fu CH, Vythelingum GN, Andrew C, et al. Alien 
voices who said that? Neural correlates of impaired 
verbal selfmonitoring in schizophrenia. Neuroimage. 
2001;13:S1052.  

    13.    Hunter MD, Griffi ths TD, Farrow TF, et al. A neural 
basis for the perception of voices in external auditory 
space. Brain. 2003;126:161–9.  

   14.    McGuire PK, Shah GM, Murray RM. Increased blood 
fl ow in Broca’s area during auditory hallucinations in 
schizophrenia. Lancet. 1993;342:703–6.  

   15.    Shergill SS, Bullmore E, Simmons A, Murray R, 
McGuire P. Mapping auditory hallucinations in 
schizophrenia using functional magnetic resonance 
imaging. Arch Gen Psychiatry. 2000;59:468–89.  

   16.    Silbersweig DA, Stern E, Frith C, et al. A functional 
neuroanatomy of hallucinations in schizophrenia. 
Nature. 1995;378:176–9.  

   17.    Sokhi DS, Hunter MD, Wilkison ID, Woodruff PW. 
Male and female voices activate distinct regions in the 
male brain. Neuroimage. 2005;27:572–8.  

    18.    Frith C. Neuropsychology of schizophrenia, what are 
the implications of intellectual and experiential abnor-
malities for the neurobiology of schizophrenia? Br 
Med Bull. 1996;52:618–26.  

      19.    Bush G, Luu P, Posner MI. Cognitive and emotional 
infl uences in anterior cingulate cortex. Trends Cogn 
Sci. 2000;4(6):215–22.  

     20.    Mobbs D, Marchant JL, Hassabis D, et al. From 
threat to fear: the neural organization of defensive 
fear systems in humans. J Neurosci. 2009;29(39):
12236–43.  

    21.    Thomas H. A community survey of adverse effects of 
cannabis use. Drug Alcohol Depend. 1996;42:201–7.  

     22.    Mula M, Pini S, Cassano GB. The neurobiology and 
clinical signifi cance of depersonalization in mood and 
anxiety disorders: A critical reappraisal. J Affect 
Disord. 2007;99:91–9.  

    23.    Sierra M, Berrios GE. Depersonalization: neuro-
biological perspectives. Biol Psychiatry. 1998;44:
898–908.  

    24.    Craig T, Hwang MY, Bromet EJ. Obsessive– 
compulsive and panic symptoms in patients with fi rst- 
admission psychosis. Am J Psychiatry. 2002;59:
592–800.  

    25.    Achim AM, Maziade M, Raymond E, Olivier D, 
Merette C, Roy MA. How prevalent are anxiety disor-
ders in schizophrenia? A meta-analysis and critical 
review on a signifi cant association. Schizophr Bull. 
2009;37:811–21.  

      26.    Kahn JP, Meyers JR. Treatment of comorbid panic 
disorder and schizophrenia: evidence for a panic psy-
chosis. Psychiatr Ann. 2000;30:29–33.  

    27.    Hofmann SG. Relationship between panic and schizo-
phrenia. Depress Anxiety. 1999;1995(9):101–6.  

    28.    Kahn JP, Puertollano MA, Schane MD, Klein 
DF. Adjunctive alprazolam for schizophrenia with 
panic anxiety: clinical observation and pathogenetic 
implications. Am J Psychiatry. 1988;145:742–4.  

    29.    Savitz AJ, Kahn TE, McGovern KE, Kahn JP. Carbon 
dioxide induction of panic anxiety in schizophrenia 
with auditory hallucinations. Psychiatry Res. 2011;
189:38–42.  

    30.    Kahn JP. Consciousness lost and instinct run amok: 
schizophrenia and psychosis. In: Kahn JP, editor. 
Angst: origins of anxiety and depression. New York: 
Oxford University Press; 2013. Chapter 7.      

T. Gabínio et al.

mp2285@cumc.columbia.edu



223© Springer International Publishing Switzerland 2016 
A.E. Nardi, R.C.R. Freire (eds.), Panic Disorder, DOI 10.1007/978-3-319-12538-1_15

      Pharmacological Treatment 
with the Selective Serotonin 
Reuptake Inhibitors                     

     Marina     Dyskant     Mochcovitch      
and     Tathiana     Pires     Baczynski    

        M.  D.   Mochcovitch      (*) •    T.  P.   Baczynski      
  Laboratory of Panic and Respiration, Institute of 
Psychiatry ,  Federal University of Rio de Janeiro , 
  Rio de Janeiro ,  Brazil   
 e-mail: marimochco@yahoo.com.br; 
tathipbac@gmail.com  

  15

 Contents 

15.1   Introduction     223 

15.2   Mechanism of Action     224 

15.3   Effi cacy Studies     225 

15.4   Side Effects     226 

15.5   Drug Interactions     228 
15.5.1    Serotonin Syndrome          229 
15.5.2    Anticancer Drugs       229 
15.5.3   Risk of Bleeding     231 

15.6    Clinical Management       232 

15.7    Treatment Duration       233 

15.8   Conclusion     234 

  References     234 

     Abstract  

  The selective serotonin reuptake inhibitors 
(SSRI) are considered drugs of fi rst choice for 
the treatment of panic disorder (PD) due to their 
clinical effi cacy demonstrated by 11 random-
ized placebo-controlled trials and favorable side 
effects profi le. SSRI’s mechanism of action in 
PD treatment still not completely understood, 
but the role of serotonin in the pathophysiology 
of this disorder has been studied for the last few 
years by neuroimaging, neurochemical and 
challenge studies. In this chapter, effi cacy stud-
ies, common side effects and drug interactions 
of the SSRI are described as well as general rec-
ommendations for their clinical use in PD.  

  Keywords  

  Selective serotonin reuptake inhibitors   • 
  Pharmacological treatment   •   Panic disorder   • 
  Serotonin   •   Mechanism of action   •   Randomized 
clinical trials  

15.1       Introduction 

 The primary goal of pharmacological treatment 
in PD is to reduce the intensity and frequency 
of panic  attacks  . The anticipatory anxiety and 
 agoraphobia arise as consequences of recurrent 
panic attacks, generating a vicious cycle, which 
leads to depression and demoralization syndrome. 
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Systematic reviews demonstrate that a range of 
pharmacological [ 1 ,  2 ] psychological [ 3 ] and com-
bination [ 4 ,  5 ] interventions are effective in the 
treatment of patients with PD. According to clini-
cal guidelines, the antidepressants are considered 
drugs of choice for treating this disorder, reducing 
panic attacks and also acting in  anticipatory anxi-
ety and associated depression   [ 6 ,  7 ]. 

 Among the antidepressants, the  monoamine 
oxidase inhibitors (IMAO)   and tricyclic antide-
pressants were the classes initially used. Despite 
their proven effi cacy for treating PD, these medi-
cations are not considered a primary choice any-
more because of their unfavorable side effect and 
safety profi les, which often leads to treatment 
discontinuation. However, they are still used in 
clinical practice (especially tricyclic antidepres-
sants) as second or third line drugs [ 2 ,  5 ,  6 ,  8 ]. 

 The SSRI were developed as an effort to pro-
duce drugs that have similar therapeutic effect of 
 tricyclic antidepressants  , but act more selectively, 
producing therefore less troublesome side effects 
with a better safety profi le. SSRI do not present 
four of the pharmacological properties that 
 characterize the tricyclics class: norepinephrine 
reuptake inhibition, blockade of muscarinic, his-
taminic H1 and α1-adrenergic receptors. Thus, 
the inhibition of 5-hydroxytryptamine ( 5-HT  ) 
reuptake remained as the main pharmacological 
property. Therefore, although other classes of 
drugs can be used, the SSRI became the antide-
pressant class of choice for the treatment of PD.  

15.2     Mechanism of Action 

 Different  serotoninergic receptors   show different 
physiological functions. The receptor most impli-
cated in the antidepressant effect is the  5-HT-1 
receptor  , which also has an anxiolytic function 
and is responsible for raising the body tempera-
ture. On the other hand, the  5-HT-2 receptor   
appears to mediate anxiogenic effects, insomnia, 
reduction of body temperature and sexual dys-
function, among other aspects. Therefore,  5-HT-3 
receptor   would seem to be associated with 
reduced appetite and nausea and increased intes-
tinal motility [ 9 ]. 

 Two opposing hypotheses have been put forth 
to explain PD by  serotonergic dysfunction  : 5-HT 
excess or overactivity and 5-HT defi cit or under-
activity [ 10 ]. The 5-HT excess theory suggests 
that patients with PD show a hypersensitivity in 
postsynaptic 5-HT receptors – especially 5-HT- 2c 
receptors, the 5-HT receptor subtype most associ-
ated with anxiogenic effect. The 5-HT defi cit 
theory proposes that, in particular brain regions, 
such as the dorsal periaqueductal gray (PAG), 
5-HT has a restraining effect on panic behavior 
and a 5-HT defi cit may facilitate panic [ 10 ]. 

 Considering the excess theory, it was sug-
gested that the  anxiolytic effect   of SSRI occurs 
through desensibilization by downregulation of 
5-HT-2C receptors [ 11 ,  12 ]. 

 Besides that, to better understand the mecha-
nism of action of the SSRI on anxiety, it is impor-
tant to consider not only the different types of 
5-HT receptors, but also the regions of the brain 
in which these receptors are found, or in other 
words, in which brain areas the SSRI act in the 
treatment of PD. The neuroanatomic model for 
PD, based on the “circuit of fear” suggests that 
the amygdala has a central function in the regula-
tion of conditioned fear. Other brain areas that 
make up this circuit, with intense connections 
with the amygdala, are the hippocampus, the 
median prefrontal cortex and the median-dorsal 
nucleus of the thalamus [ 13 ]. 

 Neuroimaging studies demonstrate functional 
and clinically relevant alterations in various ele-
ments of the 5-HT system affecting the neurocir-
cuitry of panic [ 10 ]. A single-photon emission 
computed tomography study of the functional 
activity of 5-HT transporter (5- HTT        ) in PD 
showed that the patients with current PD had sig-
nifi cantly lower 5-HTT binding in the midbrain 
raphe, in the temporal lobes, and in the thalamus 
than the healthy controls. On the other hand, the 
patients with PD in remission had normal 5-HTT- 
binding properties in the midbrain and in the 
 temporal regions, but still a signifi cantly lower 
thalamic 5-HTT binding. Another PET study has 
demonstrated that untreated PD patients showed 
reduced binding to 5-HT1A receptors in the raphe 
region as well as in the amygdala, and the orbito-
frontal and temporal cortices [ 82 ]. PD patients 
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who fully recovered after treatment with parox-
etine in this study showed normalized density of 
postsynaptic receptors, but there remained a 
reduction in the density of  5-HT-1A receptors   in 
the raphe and in the hippocampus [ 10 ]. 

 Besides the functional alterations in panic 
neurocircuitry, more recent neuroimaging studies 
with structural and functional magnetic reso-
nance with diffusion tensor have shown also 
structural alterations in PD patients after treat-
ment with SSRI. Lai et al. [ 14 ,  15 ] have demon-
strated improvements in white matter integrity of 
right uncinate fasciculus and left fronto-occipital 
fasciculus and increase in gray matter volume in 
the left superior frontal gyrus in fi rst-episode PD 
patients after six weeks treatment with  escitalo-
pram (  10–15 mg/day). 

 Challenge studies combined with the manipu-
lation of the 5-HT system may also be informa-
tive for clarifying the role of 5-HT in PD. One of 
the interventions that can be made for this  purpose 
is the tryptophan depletion ( TD        ), which provokes 
a decrease in 5HT levels, combined with the CO 2  
challenge. TD increases the sensitivity to CO 2  
in patients with PD. Miller et al. found that TD 
caused a greater panic and anxiogenic response 
and a higher rate of panic attacks after 5 % CO 2  
inhalation in PD patients, but not in healthy sub-
jects [ 16 ]. Treatment with SSRI signifi cantly 
decreased the sensitivity of patients with PD to 
the panicogenic effects of CO 2  [ 17 ] and TD 
reversed the antipanic effect of chronic treatment 
with the SSRI paroxetine in PD patients [ 18 ]. 

 Although these studies do not elucidate 
whether the 5-HT defi cit is the primary dysfunc-
tion in PD, they help to confi rm that the SSRI 
exert their therapeutic effects in PD by increasing 
the synaptic availability of 5-HT, and that seroto-
nergic enhancement by SSRI leads to  antipanic 
effects   [ 10 ,  18 ].  

15.3     Effi cacy Studies 

 The effi cacy  of   SSRI in the treatment of PD has 
been widely studied. Several studies have dem-
onstrated that SSRI are able not only to reduce 
the frequency and intensity of panic attacks, but 

actually treat the whole panic syndrome. This 
includes reducing anticipatory anxiety and avoid-
ant behavior, as well as treating comorbid depres-
sion and improve the overall functioning of the 
patient [ 1 ,  2 ]. Fluoxetine was the fi rst approved 
SSRI in USA, however, its most studies in PD 
treatment were open trials. 

 There are two open studies with  fl uoxetine  , 
both showing symptoms improvements after 6–8 
week follow-up [ 19 ,  20 ]. Two randomized con-
trolled trial with this drug for PD treatment was 
performed by Michelson et al. [ 21 ,  22 ]. In the 
fi rst study, patients received fl uoxetine 10 and 
20 mg/day and reduction of panic attacks were 
signifi cantly different between the group taking 
10 mg/day and placebo group (p = 0.006), but not 
between the group taking 20 mg/day and placebo 
group (p = 0.12). However, secondary endpoints 
anxiety symptoms assessed by the  Hamilton 
Anxiety Scale (HAM-A)   and overall improve-
ment assessed by the CGI were higher for the 
group using 20 mg/day, compared to 10 mg/day, 
these results statistically signifi cant [ 21 ]. In the 
second study, patients received fl uoxetine at 
20 mg/day for 12 weeks, but at the sixth week, 
patients who had failed to achieve a satisfactory 
response were eligible for dose escalation to a 
maximum of 60 mg of  fl uoxetine   daily. In this 
study, fl uoxetine 20 mg/day was associated with 
a statistically signifi cantly greater proportion of 
panic-free patients compared with placebo after 
6 weeks and at end-point [ 22 ]. 

  Paroxetine   was the most studied SSRI in PD, 
with four placebo-controlled studies. Ballenger 
[ 23 ] evaluated 278 subjects with fi xed doses of 10, 
20 and 40 mg/day for 10 weeks. There were greater 
percentages of patients free of panic attacks for all 
three active substance groups when compared to 
placebo, however, only the group receiving 40 mg/
day showed statistical signifi cance. 

 Lucubrier [ 24 ] compared paroxetine (doses 
varying from 20 to 60 mg/day) and clomipramine 
(doses varying from of and 50 to 150/day), for 12 
weeks, in 367 patients. Between weeks 7 and 9, 
50.9 % of patients receiving paroxetine were free 
of full PA, which occurred with 36.7 % of patients 
with clomipramine and 31.6 % of placebo 
patients. At this point, paroxetine effect was 
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 signifi cantly different from placebo, which 
occurred between clomipramine and placebo just 
after the tenth week (between weeks 10 and 12). 
The authors concluded that although both drugs 
are effective for PD, the paroxetine effect could 
be initiated prior to that promoted by clomip-
ramine. In addition, clomipramine group showed 
more gastrointestinal and central nervous system 
side effects, as agitation, emotional liability, anx-
iety and depression than the paroxetine group. 
Paroxetine was not signifi cantly different from 
placebo concerning side effects. 

 Pollack [ 25 ] compared paroxetine, venlafax-
ine and placebo in 653 patients. Doses were fi xed 
as 40 mg/day for paroxetine and 75 or 225 mg/
day for venlafaxine and patients were followed 
for 12 weeks. At the end of the study, 58.3 % of 
patients taking paroxetine were free of PA, 
64.7 % of patients taking venlafaxine 75 mg/day, 
70 % of those taking venlafaxine 225 mg /day 
and 47.8 % of patients receiving placebo were 
panic-free. All active drugs showed statisti cally 
signifi cant difference compared to placebo. 
Venlafaxine 225 mg/day was also signifi cantly 
differentiated from paroxetine. These results sug-
gest that higher doses of venlafaxine can lead to 
an additional effi cacy. Both active drugs were 
well tolerated. 

 Sheehan [ 26 ] evaluated  the   effi cacy of parox-
etine CR versus placebo in 889 patients for 10 
weeks. The dosage varied between 25 and 75 mg/
day. In the study’s tenth week, 73 % and 60 % of 
patients using placebo and paroxetine were 
respectively free of PA. 

 Three placebo-controlled studies with sertra-
line were performed. Londborg [ 27 ] used fi xed 
doses of 50, 100 and 200 mg/day in 177 patients 
for 12 weeks. All three doses of the active drug 
were signifi cantly superior to placebo, but not 
between them, when compared one to each other. 
Pollack [ 28 ] and Pohl [ 29 ] evaluated sertraline 
doses between 50 and 200 mg/day for 10 weeks, 
in 176 and 166 patients, respectively. Both studies 
showed signifi cantly higher decrease in PA fre-
quency than that observed in the placebo group. 

  Citalopram and escitalopram   have also been 
tested and compared for use in PD. Stahl [ 30 ] 
compared the effect of escitalopram (10–20 mg/
day) and citalopram (20–40 mg/day) versus 

 placebo in 351 patients, for 10 weeks. The 
 primary endpoint was the reduction in PA fre-
quency (estimated by Panic and Agoraphobia 
Scale – PAS). Only escitalopram was statistically 
different from placebo. Side effects of both drugs 
were similar to placebo. 

  Fluvoxamine   has demonstrated effi cacy for 
the treatment of PD, as the others SSRI. Asnis 
[ 31 ] observed that fl uvoxamine was superior to 
placebo. The used doses were 100–300 mg/day 
of fl uvoxamine for 8 weeks in 188 patients. At 
the end of the study 69 % of subjects using the 
active drug was free of PA, which occurred in 
45.7 % of those using placebo. The difference 
between placebo and active treatment was statis-
tically signifi cant. In this study, the need for large 
samples to demonstrate the superiority of active 
drug versus placebo in PD is discussed, since 
patients with this disorder usually show signifi -
cant placebo response. Another clinical trial with 
fl uvoxamine was performed by Nair et al. [ 32 ] 
and failed to show its effi cacy when compared to 
placebo and imipramine. This result may have 
been due to the limited sample size in this study. 

 Some comparative studies  without   placebo 
group with PD patients have also been performed. 
Most of the comparative studies involving SSRI 
show similar effi cacy for both drugs, which were: 
sertraline versus paroxetine [ 33 ], sertraline versus 
imipramine [ 34 ,  35 ], fl uoxetine versus clomip-
ramine [ 36 ], fl uoxetine versus mirtazapine [ 37 ], 
paroxetine versus citalopram [ 38 ] and fl uvox-
amine versus inositol [ 39 ].  

15.4     Side Effects 

 Patients  with   PD appear to be more sensitive 
to physical side effects of antidepressants [ 40 ]. 
They usually misinterpret side effects as anxiety 
symptoms, which can trigger vicious circle of 
escalating anxiety that can lead to panic attacks. 
For this reason, it is especially important that 
pharmacotherapy for panic disorder is well toler-
ated [ 40 ]. Many studies have showed SSRI are 
better tolerated than TCAs and serotonin and nor-
adrenaline reuptake inhibitors (SNRI), due to a 
more favorable adverse effects profi le, but also 
due to fewer drug interactions [ 40 ,  41 ]. 
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 The most common reported side effects of 
SSRI are dry mouth, constipation, diarrhea, 
anorexia, drowsiness, dizziness, lethargy, sleep 
disturbance, headache, tremor, anxiety, sweating, 
nausea and vomiting, asthenia, sexual side 
effects, heart rhythm disorders, abdominal pain 
and weight gain [ 40 ]. A recent article has inves-
tigated the infl uence of adverse effects on the 
dropout of SSRI treatment with data of 50,824 
patients [ 42 ]. The adverse effects mentioned most 
frequently were: “discomfort” of the digestive 
system (10 %), sleep disorders (8.6 %), and heart 
rhythm disorders (4 %), but they were of tolerable 
severity, as they did not signifi cantly infl uence 
the dropout rate, whereas the occurrence of som-
nolence leads to discontinuation [ 42 ]. 

 Comparing the incidences of side effects in 
short and long-terms studies, it has been sug-
gested that certain adverse effects, as nausea and 
dry mouth, become less frequent with long-term 
treatment and the emergence of new side effects 
during long-term treatment is unusual [ 40 ]. The 
reduced incidence of collateral effects during 
long-term studies may be due to the remission of 
physical anxiety symptoms, which may be misin-
terpreted as side effects [ 40 ]. 

 Concerning  sexual   adverse effects, its exact 
prevalence is unknown, ranging from very low 
percentages to more than 80 % [ 43 ]. William 
et al. (2006) conducted a cross-sectional survey 
in 502 adults in France and United Kingdom and 
estimated a prevalence of 39.2 % in the United 
Kingdom and 26.6 % in France of SSRI/SNRI- 
induced sexual dysfunction [ 43 ]. Another inter-
esting information is that most of studies have 
found no signifi cant differences of overall sexual 
dysfunction rates between SSRI [ 43 ]. However, 
some trials have shown differences between the 
SSRI when consider analysis of phase-specifi c 
sexual functioning [ 43 ]. Erectile dysfunction, 
anorgasmia and vaginal lubrifi cation seem to be 
more common in patients on paroxetine [ 43 ]. 
Montejo et al. [ 84 ] analyzed a population of 1022 
patients and observed the following incidence- 
rates of sexual side effects: citalopram 72.7 %, 
paroxetine 70.7 %, sertraline 62.9 %, fl uvoxamine 
62.3 % and fl uoxetine 57.7 % (p < 0.005). Sexual 
side effects also appear to differ between men 
and women [ 43 ]. Men experience sexual dys-

function more often (specially impairment of 
desire and orgasm phase), whereas women expe-
rience sexual side effects of greater severity [ 43 ]. 
About tolerance, a study has shown 24.5 % of 
patients showed a good tolerance of sexual dys-
function, 42.5 % were discontent although he/she 
did not intend to discontinue the treatment for 
this reason, while 32.9 % were very concerned 
about sexual side effects and considered to dis-
continue the treatment [ 43 ]. 

 There is little data on long-term effects on 
SSRI on body weight [ 43 ]. During acute treat-
ment of a randomized, double blind, placebo- 
controlled essay with fl uoxetine, especially in the 
fi rst 4 weeks, patients had a weight loss compared 
to placebo [ 43 ]. During continuation treatment, a 
signifi cant weight gain was observed – more dis-
crete than placebo in week 26, but without sig-
nifi cant difference with placebo in weeks 39 and 
50. This weight gain was attributed to poor appe-
tite at study entry and to improvement in appetite 
after recovery [ 43 ]. Fava et al. [ 83 ] performed a 
randomized, double blind trial with fl uoxetine, 
sertraline and paroxetine for 26–32 weeks [ 43 ]. 
The signifi cant result refers to increase of weight 
in paroxetine group and a higher proportion of 
patients with >7 % weight gained compared to 
fl uoxetine and sertraline [ 43 ]. Similar results 
were seen in another long term, naturalistic and 
prospective study with fi ve SSRI and clomip-
ramine [ 43 ,  44 ]. Patients had gained a mean of 
2.5 % of their  initial body mass (p < 0.001) and, in 
14 % of them, weight increased by more than 7 % 
[ 43 ,  44 ]. The percentages of patients with a >7 % 
weight increase for each drug were as follows: 
4.5 % for sertraline, 8.7 % for fl uoxetine, 14.3 % 
for citalopram 10.7 % for fl uvoxamine, 14.3 % 
for paroxetine and 34.8 % for clomipramine, 
although the difference was not statistically sig-
nifi cant [ 43 ,  44 ]. 

 About mania  episodes   induced by SSRI, many 
cases have been reported [ 45 ,  46 ]. Although, it is 
unclear if these patients have an “endogenous” 
bipolar disorder or if it is, in fact, a genuine SSRI 
side effect [ 45 – 47 ]. 

 It cannot be assumed that adolescents have the 
same side effects of adults, since they have devel-
opmentally different pharmacodynamics and phar-
macokinetics to adults [ 48 ]. The most common 

15 Pharmacological Treatment with the Selective Serotonin Reuptake Inhibitors

mp2285@cumc.columbia.edu



228

non-psychiatric side effects in adolescents are 
headache, nausea, vomiting, abdominal pain, dry 
mouth and discontinuation syndrome, while the 
most common of psychiatric adverse effects are 
insomnia, sedation, suicidal ideas and behaviors, 
hypomania or mania, akathisia, agitation, increased 
of anxiety, irritability, hypersensitivity, anger, wors-
ening of depression, tremor and crying [ 48 ]. Despite 
of these side effects, discontinuation rates related to 
adverse effects range of 5–10 % [ 48 ]. There is a 
lack of research on reduction in expected growth 
and SSRI in adolescents [ 9 ]. Therefore, monitoring 
of growth in adolescents using SSRI should be 
encouraged [ 9 ]. An important issue about SSRI side 
effects in adolescents is associated to increase of 
suicidal ideas [ 48 – 50 ]. Differently from studies in 
adults, randomized and controlled trials indicate 
that adolescents taking SSRI are at small, but 
increased, risk of suicidal thoughts and behaviors, 
at least in short-term [ 48 – 50 ]. Paroxetine seems to 
be related to greater increased risk of  suicide among 
SSRI, as well as venlafaxine, a SNRI [ 50 ]. These 
data warn for a closer monitoring of adolescents 
using SSRI, especially in the fi rst weeks of use [ 49 ]. 

 SSRI have been found to be well tolerated in 
the elderly compared with TCAs and SNRI [ 41 , 
 51 ]. Amongst SSRI, fl uvoxamine has been asso-
ciated with highest discontinuation rate, followed 
by fl uoxetine and sertraline [ 41 ]. The best toler-
ated appear to be escitalopram and citalopram 
[ 41 ]. Most common SSRI-induced side effects in 
elderly are very similar to younger adults and 
include nausea, dry mouth, constipation, diar-
rhea, anorexia, drowsiness, dizziness, lethargy, 
sleep disturbance, tremor and anxiety with their 
respective prevalence ranging from 1 % to 17 % 
[ 41 ,  51 ]. Nausea and vomiting were indicated as 
the commonest side effects in meta-analyses of 
2004 with 17 % of prevalence rate [ 41 ]. Restless-
ness, sedation (especially during the fi rst few 
days) and bradycardia are more prevalent in older 
patients, while gastrointestinal adverse effects, 
sweating and headache were less likely to be 
present in these patients [ 41 ,  51 ]. Some side 
effects seem to have greater impact in the elderly 
population, such as hyponatremia, bradycardia, 
gastrointestinal bleedings and falls, bone loss and 
fractures [ 41 ,  51 ]. Specifi cally about bradycardia, 
the US Food and Drug Administration (FDA) 

recommends a  maximum   dose of 20 mg citalo-
pram in elderly, although some studies state there 
is no clear evidence for this recommendation [ 41 ].  

15.5     Drug Interactions 

 SSRI have been suggested as fi rst choice for 
treatment of PD and are among the most fre-
quently prescribed medications [ 52 ]. Besides, 
they are commonly prescribed in combination 
with other drugs used to treat co-morbid psychi-
atric or somatic  disorders   [ 53 ,  54 ]. For these rea-
sons, drug interactions may occur and have 
become a challenge in clinical practice [ 52 ]. 

 Drug interactions are classifi ed as either  phar-
macodynamic   (when target organs or receptor 
sites are involved) or pharmacokinetic (when 
absorption, distribution, metabolism or excretion 
is affected) [ 52 ,  54 ]. Because of a more selective 
mechanism of action and receptor profi le, SSRI 
carry a relatively low risk for pharmacodynamic 
interactions when compared to MAOIs and  tricy-
clic antidepressants (TCAs)      [ 52 – 54 ]. However, 
SSRI are susceptible to pharmacokinetic drug 
interactions since they are metabolized in the 
liver by  cytochrome P450 (CYP) isoenzymes  , 
which are responsible for the oxidation of most 
drugs, environmental toxins and endogenous 
substrates [ 52 – 55 ]. The major CYP enzymes that 
play a role in drug metabolism are CYP1A2, 
CYP2B6, CYP2C9, CYP2C19, CYP2D6, and 
CYP3A4 [ 54 ,  55 ]. Drug interactions mediated by 
CYP enzyme system can produce enzyme inhibi-
tion or enzyme induction [ 52 – 55 ]. Despite this 
potential pharmacokinetic interaction of SSRI, 
clinically relevant consequences are not always 
observed because they also depend on other drug 
factors as therapeutic window, potency and con-
centration of the inhibitor/inducer, the contribu-
tion of the affected enzyme to overall drug 
elimination and presence of pharmacologically 
active metabolites, as well as on patient-related 
factors as genetic predisposition, ethnicity, age 
and co-morbidity [ 53 – 55 ]. 

 SSRI exhibit drug interactions with impact on 
clinical practice through the ability to inhibit spe-
cifi c  CYP enzymes   [ 52 – 54 ]. Nevertheless, the 
inhibition profi le is not the same between the 
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 different SSRI [ 52 – 55 ]. Fluoxetine and its meta-
bolite norfl uoxetine are potent inhibitors of 
CYP2D6, are moderate inhibitors of CYP2C9 and 
are mild inhibitors of CYP2C19 and CYP3A4 
[ 52 – 54 ]. Fluvoxamine inhibits strongly CYP1A2 
and CYP2C19, and it moderately inhibits CYP2C9 
and CYP3A4 [ 52 – 54 ]. Paroxetine demonstrates a 
great capacity to inhibit CYP2D6, whereas sertra-
line inhibits this latter isoform in a dose-dependent 
manner [ 52 – 54 ]. Still, citalopram and escitalo-
pram are weak inhibitors of CYP2D6 and have 
negligible effects on CYP1A2, CYP2C19, 
CYP2C9 and CYP3A4 [ 52 – 54 ]. Both citalopram 
and escitalopram have a very favorable drug inter-
action profi le, but it has been suggested that escita-
lopram has an even more favorable profi le than 
citalopram because of a weaker inhibition of 
CYP2D6 [ 1 – 3 ] (see Tables  15.1  and  15.2 ).

15.5.1         Serotonin Syndrome      

 The combination of SSRI with other serotonergic 
drugs as MAOIs, some TCAs, SNRI, buspirone, 
trazodone,  Hypericum  extracts, analgesics (tra-
madol, meperidine, fentanyl, oxycodone), drugs 
of abuse and linezolid may produce a potentially 
life-threatening pharmacodynamic interaction, 
the  serotonin   syndrome [ 52 ,  53 ]. The receptors 
involved in serotonin syndrome are 5HT 1A  and 
5HT 2  based on animal models [ 52 ,  53 ,  56 ]. 
Serotonin syndrome symptoms include disturbed 
mental status, confusion, agitation, fever, hyper-
tension, diaphoresis, diarrhea, tremor, hyperre-
fl exia and myoclonus [ 52 ]. 

 In 2006, the FDA released an alert to warn 
about the risks of combination of SSRI and trip-
tans with serotonin syndrome based on 29 case 
reports gathered over a 5-year period [ 52 ,  53 ,  56 ]. 
Indeed, these drugs have serotoninergic effects 
and there are pharmacokinetic studies in healthy 
subjects that report around 20 % increase in  triptan 
plasma concentration with concomitant adminis-
tration of some SSRI [ 53 ]. These two classes are 
also frequently given simultaneously because of 
the high prevalence of depressive and anxiety dis-
orders and  migraine   and  vice - versa  [ 56 ]. Gillman 
and Psych performed a review about the risk of 
triptans and SSRI cause serotonin syndrome [ 56 ]. 
They found that the validity of these case reports 
was questioned since most of them did not meet 
the diagnosis criteria for serotonin syndrome [ 53 , 
 56 ]. Another issue raised was that triptans are 
agonists of 5HT 1B , 5HT 1D  and 5HT 1F  receptors 
and serotonin syndrome seems to be mediated by 
5HT 1A  and 5HT 2  receptors [ 53 ,  56 ]. Therefore, 
they concluded there is no clinical evidence or 
theoretical reason to maintain speculation about 
serious serotonin syndrome from triptans and 
SSRI [ 56 ]. Other experts have also suggested that 
there is no suffi cient evidence to ensure that the 
use of triptans and SSRI together increase the risk 
of serotonin syndrome, but they advise caution 
[ 53 ,  57 ]. In 2010, the American Headache Society 
recommended that the FDA organize a review of 
the available data about triptans, SSRI and sero-
tonin syndrome in order to reassess  whether   the 
warning should be maintained [ 53 ,  58 ].  

15.5.2      Anticancer Drugs   

 Anticancer drugs are metabolized in the liver by 
CYP isoenzymes [ 55 ]. Studies  in vitro  have indi-
cated that anticancer drugs interfere with CYP 
 system not only as substrates, but also as inhibitors 
or inducers [ 55 ]. Unlike newer antidepressants, 
 anticancer drugs usually have a narrow therapeutic 
index, what can result in consequences in clinical 
practice as excessive toxicity or reduced effi cacy. 
Another important consideration is that patients 
with cancer can have underlying hepatic and renal 
impairments, which may lead into a reduced rate 
of drug elimination [ 55 ]. 

    Table 15.1    Potential for interaction between Selective 
Serotonin reuptake inhibitors and  Citochrome P450 
isoenzymes     

 Drug 

 CYP enzyme inhibition 

 2D6  1A2  3A4  2C9  2C19 
 Citalopram  +  0  0  0  0 
 Escitalopram  +  0  0  0  0 
 Fluoxetine  +++  +  ++  +++  ++ 
 Fluvoxamine  +  +++  ++  ++  +++ 
 Paroxetine  +++  +  +  +  + 
  Sertraline    +  0  0  0  0 

  0 = negligible; + = weak; ++ = moderate; +++ = strong 
 Adapted from Shellander and Donnerer [ 1 ]  
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 SSRI are currently used in cancer patients to 
treat depressive and anxiety symptoms. SSRI can 
inhibit cytochrome P450 isoenzymes as men-
tioned above [ 52 ,  53 ,  55 ,  59 ]. A clinical relevant 
interaction between SSRI and anticancer drugs 
refers to tamoxifen, a selective estrogen receptor 
modulator used in the treatment and prophylaxis 
of breast cancer [ 55 ,  59 ]. Tamoxifen is converted 
into endoxifen by CYP2D6 in the liver [ 4 ,  8 ]. 
As Table  15.1  shows, fl uoxetine and paroxetine 
are potent inhibitors of CYP2D6 and administra-
tion of them can reduce the benefi ts of tamoxifen 
and increases the risk of death [ 55 ,  59 ]. 

    Borges et al. [ 85 ] published an article of a pro-
spective trial of 158 patients with breast cancer 
taking tamoxifen with concomitant use of potent 
inhibitors of CYP2D6, such as fl uoxetine and par-
oxetine, and demonstrated signifi cantly decreased 

mean plasma concentrations of endoxifen. 
Simultaneous treatment with weak inhibitors of 
CYP2D6, such as sertraline (in low doses) and 
citalopram, resulted in a discrete reduction of 
plasma concentrations of endoxifen and 
 co- administration of venlafaxine did not appear to 
alter endoxifen concentrations [ 55 ]. 

 In 2009, Desmarais et al. reviewed seven clin-
ical studies of women with breast cancer taking 
antidepressants and tamoxifen [ 60 ]. They con-
cluded there is consistent evidence that parox-
etine and fl uoxetine can interfere on the 
metabolism of tamoxifen and should be avoided. 
 Bupropion   is also a strong inhibitor of CYP2D6 
and Desmarais et al. stated there is indirect evi-
dence that indicates bupropion may also have a 
large effect on the metabolism of tamoxifen (see 
Table  15.3 ) [ 55 ,  60 ,  61 ].

   Table 15.2    Summary of SSRI-induced clinically relevant  pharmacokinetic drug-drug interactions     

 SSRI 
 Drug with pharmacokinetic interaction with 
SSRI produces clinically relevant effects  Proposed mechanism 

 Citalopram  Desipramine  Inhibition of CYP2D6 
 Escitalopram  Desipramine  Inhibition of CYP2D6 
 Fluoxetine  TCAs 

 Risperidone 
 Clozapine 
 Warfarin 
 Propranolol and metoprolol 
 Nifedipine and verapamil 
  Tamoxifen   

 Inhibition of CYP2D6-mediated 
hydroxylation of TCAs; 
 I Inhibition of CYP2D6 and, to a 
lesser extent, CYP3A4; 
 Inhibition of CYP2D6, CYP2C19, 
CYP3A4; 
 Inhibition of CYP2C9; 
 Inhibition of CYP2D6; 
 Inhibition of CYP3A4; 
 Inhibition of CYP2D6 

 Fluvoxamine  TCAs (amitriptyline, imipramine, 
clomipramine) 
 Clozapine 
 Olanzapine 
 Quetiapine 
 Thoephyline 
 Warfarin, 
 Propranolol 

 Inhibition of CYP2C19 and, to a lesser 
extent, CYP1A2 and CYP3A4; 
 Inhibition of CYP1A2 and, to a lesser 
extent, CYP2C19 and CYP3A4; 
 Inhibition of CYP1A2; 
 Inhibition of CYP3A4; 
 Inhibition of CYP1A2; 
 Inhibition of CYP2C9; 
 Inhibition of CYP1A2 and CYP2C19 

 Paroxetine  Desipramine 
 Perphenazine 
 Clozapine 
 Risperidone 
 Atomoxetine 
 Tamoxifen 
 Tramadol 

 Inhibition of CYP2D6; 
 Inhibition of CYP2D6; 
 Inhibition of CYP2D6; 
 Inhibition of CYP2D6; 
 Inhibition of CYP2D6; 
 Inhibition of CYP2D6; 
 Inhibition of CYP2D6 

 Sertraline   Risperidone   
 Lamotrigine 

 Inhibition of CYP2D6; 
 Inhibition of glucuronidation 

  Adapted from Spina et al. [ 2 ]  

M.D. Mochcovitch and T.P. Baczynski

mp2285@cumc.columbia.edu



231

   Kelly et al. conducted a population-based 
cohort with 2430 women treated with tamoxifen 
and a single SSRI and concluded that women 
with breast cancer who received simultaneously 
tamoxifen and paroxetine were at increase risk 
for death from breast cancer and death from any 
cause [ 55 ,  62 ]. Increases of 25 %, 50 %, and 75 % 
in the proportion of time on tamoxifen with over-
lapping use of paroxetine were associated with 
24 %, 54 %, and 91 % increases in the risk of 
death from breast cancer, respectively [ 55 ,  62 ]. 
No relationship was found between the adminis-
tration of another SSRI with tamoxifen and the 
increased breast cancer mortality [ 55 ,  62 ]. 

 A recent  review   suggests caution in prescrib-
ing SSRI, especially paroxetine, and indicates the 
necessity of new, larger, randomized and con-
trolled trials to better understand the use of SSRI 
with tamoxifen in women with breast cancer [ 63 ].  

15.5.3     Risk of Bleeding 

 SSRI have been related to increase  bleeding risk  , 
especially of upper gastrointestinal bleeding, 
because they occasion serotonin blockade into 

platelets, reducing platelet aggregation and pro-
longing bleeding time. This risk seems to increase 
when other medications are taken simultane-
ously, such as nonsteroidal anti-infl ammatory 
drugs (NSAIDs), oral anti-coagulants and anti-
platelet drugs (including low-dose aspirin) as 
demonstrated in observational studies [ 52 ,  53 , 
 64 ,  65 ]. 

 With respect to the NSAIDs, studies demon-
strated that the use combined of SSRI and 
NSAIDs increases 3- to 15-fold the risk of gas-
trointestinal bleeding, and one study showed no 
signifi cant difference in risk of bleeding between 
the association of these two classes of medica-
tions and when they are not associated [ 53 ]. 
Recently, Anglin et al. conducted a review with 
case control and cohort studies about gastrointes-
tinal bleeding and administration of SSRI [ 66 ]. 
They concluded SSRI are associated with a mod-
est increase in the risk of upper gastrointestinal 
bleeding, which is lower than has previously 
been estimated, but this risk is signifi cantly ele-
vated when SSRI are used in combination with 
NSAIDs [ 66 ]. The authors suggest physicians 
should have caution to prescribe these drugs 
together and discuss this risk with patients [ 15 ]. 

 Bak et al. [ 86 ], in a case control study, found a 
trend towards increased risk of hem orrhagic 
stroke when SSRI and NSAIDs were  associated. 
However, in general, studies on intracerebral 
bleeding and SSRI-NSAID interaction are not 
yet conclusive [ 53 ]. 

 Regarding the co-administration of SSRI and 
warfarin, the interaction between these two 
classes of drugs have been suggested to be related 
to the increased risk of bleeding due to prolonga-
tion of bleeding time (especially for agents with 
the highest degree of inhibition of serotonin 
reuptake as sertraline, fl uoxetine and paroxetine), 
but also due to pharmacokinetic interaction 
through inhibition of CYP2C9 [ 53 ]. In the latter 
case, drugs like fl uoxetine and fl uvoxamine could 
interact more, as they are stronger inhibitors of 
CYP2C9 [ 53 ]. 

 Some studies, mainly  the   earlier ones, failed 
to demonstrate a relationship between the asso-
ciation of warfarin and SSRI with increased 
bleeding, as Kharofa et al. noted no increase in 
hemorrhagic stroke risk with concomitant use of 
SSRI and warfarin [ 52 ,  67 ,  68 ]. However, other 

   Table 15.3    SSRI and  venlafaxine   and their interaction 
with tamoxifen by CYP2D6   

 Drug 
 Effect on 
CYP2D6 

 Advice on the 
co-administration 
with tamoxifen 

 Citalopram  Mild  Consider use based 
on benefi t-risk 
assessment 
(secondary choice) 

 Escitalopram  Mild  Consider use based 
on benefi t-risk 
assessment 
(secondary choice) 

 Fluoxetine  Strong  Best to avoid 
 Fluvoxamine  Moderate  Consider use based 

on benefi t-risk 
assessment 

 Paroxetine  Strong  Best to avoid 
 Sertraline   Moderate    Consider use based 

on benefi t-risk 
assessment (best to 
avoid in high doses) 

 Venlafaxine  Minimal  Safest choice 

  Adapted from Harv Ment Health Lett [ 8 ], Desmarais and 
Looper [ 10 ] 
 Data also taken from Caraci et al. [ 4 ]  
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observational studies have shown this relation-
ship. This is the case of   Wallerstedt     et al. that 
observed increased risk of non-gastrointestinal 
bleeding when warfarin and SSRI were used 
simultaneously [ 69 ], and Cochran et al. that veri-
fi ed relationship between the co-administration 
of these drugs with increased risk of any bleeding 
event [ 70 ]. More recently,   Löppönen     et al. con-
cluded concurrent use of warfarin and the SSRI, 
relative to warfarin alone, seemed to increase the 
case fatality rate for primary intracerebral hemor-
rhage [ 67 ]. 

 In 2012, an epidemiological meta-analysis 
suggested SSRI increase the risk of intracranial 
hemorrhage. According to the authors, the risk of 
bleeding rises when oral anticoagulants are com-
bined with SSRI as compared to the risk when 
oral anticoagulants are used alone. Nevertheless, 
the authors believe that the absolute risk is low 
because it is a rare event [ 71 ]. 

 Thus, physicians should be alert to  the   associa-
tion of SSRI with nonsteroidal anti- infl ammatory 
drugs (NSAIDs), oral anti-coagulants and anti-
platelet drugs, especially in elderly patients. They 
should seek strategies as replacing SSRI, prescrib-
ing proton pump inhibitors for gastroprotection, 
using NSAIDs with the lowest gastrointestinal tox-
icity (for example: ibuprofen and cyclooxygenase 
2 inhibitors), adjusting dosage of warfarin/aspirin 
and testing of blood clotting [ 52 ].   

15.6      Clinical Management   

 SSRI may have a transient stimulating effect and, 
therefore, worsen anxiety, tremor and restless-
ness early in treatment, leading sometimes to an 
increased number of panic attacks. For this rea-
son, the initial dose of SSRI in PD patients should 
be lower than the usual therapeutic dose. The 
association with benzodiazepines in this phase 
of treatment may be necessary [ 72 ]. Usual 
initial and maintenance doses are described in 
Table  15.4 .

   It should be emphasized to the patient that 
treatment response is not immediate and that pro-
longed courses are needed to maintain an initial 
treatment response [ 6 ]. 

 The selection of a specifi c drug within the 
SSRI’s class should be determined by the adverse 
effects and drug interaction profi les and by 
whether the patient has previous experience of 
treatment with that compound [ 6 ,  7 ]. For exam-
ple, choose fl uoxetine if the patient needs to loose 
wait, paroxetine if the he presents insomnia or 
lack of appetite and citalopram or escitalopram if 
the patient is polymedicated. 

 It is recommended to wait at least 8 weeks 
after the treatment initiation to evaluate its 
 effi cacy since a complete response may not hap-
pen before 8–12 weeks of treatment [ 6 ,  7 ,  72 ]. 
Consider increasing the dose if there is insuffi -
cient response, but the clinician must have in 
mind that the evidence for a dose response rela-
tionship with SSRI is inconsistent [ 6 ]. If initial 
treatment fails, consider switching to another 
evidence-based treatment such as other SSRI, an 
SNRI or a benzodiazepine. If it is still not 
 effi cient, combine evidence-based drugs or 
 pharmacological and psychological treatments 
[ 6 ,  7 ]. 

 The discontinuation syndrome may occur 
with abrupt discontinuation of SSRI, especially 
the ones with shorter half-life (paroxetine, sertra-
line and fl uvoxamine) [ 73 ,  74 ]. Commonly, this 
syndrome presents with fl u-like symptoms such 
as malaise, nausea and headache for 2–7 days 
after drug interruption. Dizziness, paraesthesia, 
agitation and mood changes are also reported 
[ 74 ]. Among the SSRI, fl uoxetine is the one with 
a longer half-life and therefore show a lower risk 
of discontinuation syndrome [ 74 ]. However, to 
interrupt a short half-life SSRI intake, it is advis-
able to conduct a gradual reduction over several 

   Table 15.4    Usual initial  and   maintenance dosages for 
the treatment of PD   

 Medication 
 Initial dose 
(mg/day) 

 Maintenance 
dose (mg/day) 

 Fluoxetine  5–10  20–60 
 Paroxetine  10  20–60 
 Sertraline  25–50  75–150 
 Citalopram  10  20–60 
 Escitalopram  5–10  10–20 
 Fluvoxamine  50  50–300 
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weeks, as 25 % each week [ 73 ]. In the presence 
of withdrawal symptoms, drug dose should be 
increased again to the usual dosage and then 
restart the discontinuation in a slower way. It is 
important to differentiate discontinuation symp-
toms from disorder relapse symptoms [ 6 ,  73 ]. 
For  general   recommendations for the treatment 
with SSRI for PD patients, see Box  15.1 .   

15.7      Treatment Duration   

 The discontinuation of pharmacotherapy in PD 
has been reported as a challenge, given many 
patients present relapse with drug withdrawal [ 2 ]. 
This information can indicate medication should 
be maintained for a longer period [ 2 ]. At the same 
time, studies suggest that more than half patients 
with PD discontinue treatment within several 
months to years [ 2 ]. 

 Therefore, the optimal duration of treat-
ment would be the one that allow patients to 
discontinue pharmacotherapy relatively safely 
and allow not taking medication longer than 
necessary [ 2 ]. Unfortunately, research on opti-
mal duration of drug therapy, including SSRI, 
is scarce and the limited data on this issue do 

not indicate a safe period to withdraw medica-
tion [ 2 ]. The American Psychiatric Association 
refrains from recommendations [ 2 ,  72 ]. Most 
guidelines refer to expert consensus and suggest 
maintaining medication for at least a year [ 2 ,  72 , 
 75 ,  76 ], but other guidelines have also suggested 
a shorter period [ 2 ,  6 ,  77 ]. Long-term followed-
 up studies with citalopram, fl uoxetine, sertraline, 
paroxetine, venlafaxine XR and moclobemide 
have shown maintained benefi ts and continued 
improvements over 6–12 months of ongoing 
treatment [ 6 ,  77 ]. A naturalistic study by Nardi 
et al. [ 78 ] showed that the effi cacy of parox-
etine and clonazepam for PD was maintained for 
34 months of follow-up. 

 However, when medication is being discon-
tinued, it is suggested focusing on the use of a 
slow taper over weeks to months in order to 
avoid withdrawal symptoms and relapse [ 2 ,  79 ]. 
Another strategy to enhance long-term outcome 
of treatment is providing psychotherapy to PD 
patients [ 2 ,  80 ]. The literature indicates that 
either cognitive behavioral therapy or brief psy-
chodynamic psychotherapy may reduce relapse 
rates in panic disorder [ 2 ,  81 ]. 

 An important fi eld of  research   relates to the 
predictor factors for relapse. From the moment it 
is possible to identify those at highest risk of 
relapse, it would be easier to propose maintenance 
treatment with better adherence, given the high 
costs of recurrence of PD [ 2 ].  

15.8     Conclusion 

 The SSRI are well established as fi rst choice drugs 
for the treatment of PD reducing PA and improving 
anticipatory anxiety, as well as depressive symp-
toms. They are overall well tolerated but unpleas-
ant long-term side effects as sexual dysfunction 
and weight gain are commonly reported and still 
not widely studied. Comparing to older antidepres-
sants, the SSRI are safer and better tolerated, show-
ing also less drug interactions. Patient should be 
informed about the latency period and initial side 
effects and drug discontinuation should be gradual. 
More long- term studies are necessary to determi-
nate the optimal treatment duration.     

  Box 15.1. General Recommendations 
for the Treatment with SSRI in PD 
Patients    
 Initial side effects can be minimized by 
slowly increasing the dose or by adding a 
benzodiazepine for a few weeks. 

 Advise the patient that treatment peri-
ods of up to 12 weeks may be needed to 
assess effi cacy. 

 Drug choice is determined by their side 
effects and drug interaction profi les, as 
well as patient’s previous experience. 

 Wait at least 8 weeks before increasing 
the dose or changing the drug. 

 Discontinuation syndrome may be mini-
mized by gradual drug discontinuation 
(25 % a weak). 
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   Abstract  

  Benzodiazepines are effi cacious and well toler-
ated in clinical use. Besides the anxiolytic effects, 
they present sedative, muscle relaxant and anti-
convulsive properties. Concerns regarding their 
use rely on drug dependence after prolonged used 
and diffi cult to manage withdrawal symptoms 
during drug discontinuation. Studies show that 
treatment duration up to 12 weeks is insuffi cient 
to reach maximal possible therapeutic effect and 
relapse during or shortly after drug discontinua-
tion is frequent. Rebound and intolerable adverse 
events during drug discontinuation can be avoided 
in most cases if the dose is slowly down titrated in 
small decrements over a prolonged period of time. 
Most recent treatment guidelines recommend 
selective serotonin reuptake inhibitors (SSRI) as 
the fi rst choice for the treatment of PD and the 
benzodiazepines have the reputation to cause 
dependence, especially if they are taken for long-
term and in high doses. However these recom-
mendations are mainly based on expert opinions 
mainly supported by a large number of clinical 
trials with SSRI since evidence coming from 
direct drug comparisons in PD is sparse. The 
SSRI have side effects and need a gradual taper-
ing out too. There is no doubt that every substance 
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must be prescribed with clinical concerns and 
indications. The benzodiazepines are effi cacious 
in PD and the physician can manage the concern 
about dependence and withdrawal. It is very 
important to include this class of drugs in the 
armamentarium for treating PD.  

  Keywords  

  Pharmacology   •   Anti-anxiety agents   •   Drug-
related side effects and adverse reactions   • 
  Substance-related disorders   •   GABA-A recep-
tor agonists  

16.1       History 

 Benzodiazepines are psychoactive drugs, charac-
terized as central nervous system depressants, 
with anxiolytic, sedative hypnotic, anticonvul-
sant, and muscle relaxant properties. They act as 
positive allosteric modulators on the  gamma- 
aminobutyric acid-A (GABA-A) receptor  , pro-
ducing a inhibitory effect in the brain. 

 The fi rst two benzodiazepines, chlordiazepoxide 
and diazepam were introduced in 1960/63. In com-
parison to previous drugs for the treatment of neuro-
ses they were more effective, more potent, much 
less toxic and less prone to produce drug depen-
dence and quickly became the drugs of choice in 
such treatments. Diazepam became within few 
years the most frequently prescribed drug world-
wide and was prescribed uncritically resulting in the 
fact that “misuse and abuse of diazepam became an 
increasingly common medical problem” [ 1 ]. 

 Chouinard published in 1982 the fi rst con-
trolled study on the use of alprazolam in 
PD. Patients were diagnosed according the 
Research Diagnostic Criteria [ 2 ] on which the 
DSM-III category “ Panic disorder  ” was based [ 3 ]. 
PD patients taking alprazolam at an average fi nal 
dose of 2.25 mg/day (N = 14) improved more than 
placebo patients (N = 6) as shown in HAM-A and 
Physician’s Global Impression Scale. Drowsiness 
was the most prevalent side effect. Beaudry et al. 
hypothesized that clonazepam with its high 
potency combined with its intermediate to long 
half-life, and its serotonergic properties would 

appear to be an advantageous anti panic agent, 
minimizing withdrawal symptoms or rebound. 
Based on an open study Beaudry et al. proposed 
“clonazepam as a new alternative treatment for the 
severe anxiety seen in patients suffering from PD 
and agoraphobia with panic attacks” [ 4 ].  

16.2     Short-Term Controlled Trials 

16.2.1     Alprazolam Versus Placebo 

 Alprazolam CT (compressed tablet) is  the   classi-
cal formulation with quick breakup. Dunner 
compared the effect of alprazolam, diazepam, 
and placebo on anxiety and panic attacks in PD 
[ 5 ]. An initial week of single-blind placebo 
administration was followed by 6 weeks of active 
treatment with doses titrated upward as tolerated 
(alprazolam 4 mg/day, diazepam 44 mg/day). At 
endpoint ANOVA did not show signifi cant differ-
ence on the frequency of panic attacks between 
the treatment and placebo groups. Pre-post com-
parisons showed on the other hand signifi cant 
reduction of panic attacks in the active treatment 
groups but not in the placebo group. 

 The effi cacy of alprazolam, imipramine, and 
placebo [ 6 ] was evaluated in a total of 1168 
patients in 12 centers randomly assigned to an 8 
weeks double blind treatment of their panic 
attacks. The study was with unusual high inten-
sity and effort planned, followed and monitored 
with the obvious intention to become the biggest, 
most powerful CNS study ever done, realizing 
the latest concepts of DSM III and methodology. 
During the fi rst month of treatment there was a 
clear difference in effi cacy between alprazolam 
and placebo (82 %/43 % better or moderately 
improved) but afterwards the study was handi-
capped by an unacceptable high rate of dropouts 
in the placebo group, in which a total of 43.7 % 
placebo patients did not complete the study 
(alprazolam 17.4 %). Endpoint analysis revealed 
that alprazolam and imipramine were signifi -
cantly more effective than placebo in reducing 
the frequency of panic attacks and the intensity 
on measures of anticipatory anxiety, depressive 
and phobic symptoms but completer analysis 
failed to demonstrate such effects. 
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 Lydiard et al. [ 7 ] investigated fi xed-dose study 
of alprazolam 2 mg, alprazolam 6 mg, and pla-
cebo in PD in a total of 91 patients over 6 weeks. 
A signifi cant dose effect was present: 6 mg alpra-
zolam superior over alprazolam 2 mg and supe-
rior over placebo. At week 6 both doses were 
superior over placebo but there was no statistically 
signifi cant difference between them. The authors 
conclude that many patients may derive substan-
tial improvement in  severa  l important clinical 
measures while receiving a relatively low dose 
(2 mg/day) of alprazolam.  

16.2.2     Alprazolam XR Versus Placebo 

 Alprazolam is rapidly absorbed and has a half- life 
of about 11 h. After high single doses it produces 
also in panic patients excessive sedation and 
drowsiness, at lower doses it is short acting. To 
avoid  inter-dose rebound anxiety  , so called clock 
watching [ 8 ,  9 ], “a four times-a-day dosing sched-
ule has been found to be most effective, which is 
not only an inconvenience but a possible contribut-
ing factor to medication noncompliance” [ 10 ]. 

 That short half-life is problematic for treating 
PD, as shown by Herman when he switched PD 
patients from alprazolam to placebo [ 9 ]. He 
observed in this open trial a reduction of early 
morning anxiety and of emerging anxiety 
between dosing although the frequency of admin-
istration was reduced with clonazepam. The 
extended release formulation alprazolam XR was 
brought to the market to compensate for the dis-
advantages of short elimination half-life. 
Alprazolam XR prolongs the absorption time, 
what results in smoother plasma-concentration 
curves during several hours after drug intake 
while elimination half-life is unchanged. 
Signifi cant improvements indicated by a decrease 
in numbers of panic attacks and by clinical global 
improvement were observed with both doses of 
 alprazolam-XR   within the fi rst week of dose up- 
titration and after 4 weeks of fi xed dosing but not 
at treatment end. At this time in all three- 
treatment group every second patient was free of 
panic attacks s and in three out of four panic fre-
quency was reduced to half. This study was hand-
icapped not only by a high drop out and placebo 

response rate but also by group differences at 
baseline and by study-center bias. 

 Pecknold et al. [ 11 ] compared in a double- blind, 
placebo-controlled, fl exible-dose, multicenter, 
6-week study regular alprazolam (compressed tab-
let, CT), given four times per day with alprazolam-
XR, given once in the morning. In contrast to the 
previously reported studies patients were mainly 
recruited by referrals and the study was performed 
in only three centers. Starting dose was 2 mg/day. 
Each week the dose was increased by 1 mg until 
the patient was panic free or persistent dose-limit-
ing side effects occurred. The daily dose was in the 
two drug treated groups over time similar and 
reached at study end 4 mg/day for alprazolam CT 
and 4.4 mg/day for Alprazolam-XR. Dropout rate 
for CT, XR and placebo was 19 %, 20 % and 36 %. 
After 1 week of treatment reduction of panic 
attacks was with CT and XR greater than with pla-
cebo as was the rate of panic free patients. During 
the following weeks panic attack frequency was 
further reduced in all groups but the difference 
between active treatments and placebo was not 
maintained. At treatment end, both alprazolam 
treatment groups differed signifi cantly from pla-
cebo in CGI-S, CGI-I, overall phobia score, 
HAM-A and the Sheehan Patient rated anxiety 
scale. There were some marginal positive differ-
ence of Ct over XR but altogether this study dem-
onstrated that XR given in the morning can replace 
CT given four times a day. 

 Schweizer et al. [ 10 ] compared the XR formula-
tion with placebo during 6 weeks in a total of 194 
patients with a diagnosis of  agoraphobia   with panic 
attacks or PD with limited phobic avoidance. 
Treatment was initiated at 1 mg/day, administered 
in the morning, and increased every 3–4 days as 
tolerated to a maximum permissible dose of 10 mg/
day (or ten tablets of placebo). The mean dose was 
during week 2.5 mg and increased afterwards up to 
4.7 mg/day. As in most previous studies the drop-
out rate was signifi cantly higher with placebo 
(34 %) than with alprazolam (20 %). In the last 
observation carried forward analysis alprazolam 
was superior over placebo in reducing panic attacks 
at all controls (week 1–6) whereas a difference for 
patients still in study could be demonstrated only 
for week 1 and 2. After 6 weeks  alprazolam XR   
was in the LOCF analysis superior over placebo in 
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all effi cacy parameters and completer analysis 
showed superiority for HAM-A, CGI-S, CGI-I and 
Sheehan Patient-Rated Anxiety Scale.  

16.2.3      Clonazepam Versus Placebo   

 In a multicenter dose-fi nding study published by 
Rosenbaum et al., 413 patients suffering from 
panic attacks with or without agoraphobia were 
randomly assigned to receive placebo or one of 
fi ve fi xed daily doses (0.5 mg, 1.0 mg, 2.0 mg, 
3.0 mg, or 4.0 mg) of clonazepam [ 12 ]. Doses of 
1 mg and above were all more effi cacious than 
placebo or 0.5 mg of clonazepam. Within the 
dose range of 1–4 mg, no clear-cut dose effect for 
effi cacy was apparent but the 3.0 mg and 4.0 mg 
dose groups had the highest AE rates. In the four 
higher dose groups, 69 % of patients on average 
were free of panic attacks at the end of the study. 

 Moroz and Rosenbaum reported the treatment 
of 438 PD patients over 6 weeks with either pla-
cebo or clonazepam at individually adjusted doses 
[ 13 ]. The mean optimized clonazepam dose was 
2.3 mg/day. Clonazepam was superior to placebo 
in reducing the number of panic attacks, extent of 
fear and avoidance, and duration of anticipatory 
anxiety, and in improving the different items on 
the Clinical Global Impression (CGI) scales. At 
endpoint, 62 % of patients receiving clonazepam 
were free of full panic attacks, compared to 37 % 
of placebo-treated patients. The gradual tapering 
of clonazepam was not associated with symptoms 
suggestive of withdrawal syndrome. 

 Valença et al. [ 14 ] tested a fi xed dose of clonaz-
epam (2 mg/day) versus placebo in 24 PD patients 
with agoraphobia. After 6 weeks, the response rate 
(reducing anticipatory anxiety, scores of phobia, 
and CGI) was 61 % with clonazepam and 1 % with 
placebo. Three years later, Valença et al. [ 15 ] com-
pared 34 PD patients with agoraphobia regarding 
the clinical effi cacy of clonazepam in a fi xed dos-
age (2 mg/day) versus placebo. The patients were 
divided in respiratory and non-respiratory sub-
types. After 6 weeks, there was a statistically sig-
nifi cant clinical superiority of clonazepam over 
placebo concerning remission of panic attacks 
(p < 0.001) and decrease in anxiety (p = 0.024). 
Response was similar in patients with respiratory 

 and   non- respiratory subtypes of PD, without sig-
nifi cant differences between the two groups.   

16.3     Studies Comparing 
 Alprazolam and Clonazepam   

 Tesar et al. [ 16 ] compared clonazepam with 
alprazolam in a double blind, placebo con-
trolled study over 6 weeks in 72 subjects with 
PD. He hypothesized that this high potency 
benzodiazepine with its relatively long half-
life (39 ± 8.3 h, [ 39 ]) and a more potent infl u-
ence on central serotonergic function than 
other benzodiazepines will be at least as effec-
tive as alprazolam in reducing the frequency of 
panic attacks and associated symptoms. 92 % 
(24) patients randomized to clonazepam, 83 % 
(20) to alprazolam but only 8 (36 %) placebo 
recipients completed the study. The daily dose 
was fractioned in four daily intakes and was up 
titrated during the fi rst 3 weeks of treatment up 
to reach maximal therapeutic benefi t or unde-
sirable side effects and reached at treatment 
end 5.39 ± 2.89 mg/day for alprazolam and 
2.50 ± 0.94 mg/day for clonazepam. 
Comparison of the two active treatments 
revealed no signifi cant differences, but in some 
variables a trend for patients  receiving   clonaz-
epam to experience greater benefi t than those 
receiving alprazolam (see Fig.  16.1 ).

16.4        Studies Comparing High 
Potency Benzodiazepines 
with Antidepressants 

  Imipramine   was the fi rst drug with proven effi cacy 
in PD. In 1961 an experimental placebo controlled 
study with imipramine and  chlorpromazineprocy-
clidine   was initiated at Hillside Hospital in 311 
psychiatric inpatients investigating further possi-
ble indications of the two drugs. Patients could 
enter in study regardless of symptomatology or 
diagnosis. Against expectations a group of patients 
characterized by “sudden onset of subjectively 
inexplicable  panic attacks  , accompanied by hot 
and cold fl ashes, rapid breathing, palpitations, 
weakness, unsteadiness and a feeling of impend-
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ing death” improved much with imipramine but 
not with chlorpromazine [ 17 ,  18 ]. 

 Studies comparing approved benzodiazepines 
with approved SSRI or SNRI in PD patients are 
ideal to demonstrate the advantages and disad-
vantages of the two treatment strategies. 
Unfortunately they are sparse. A report describ-
ing a comparison of alprazolam with  sertraline   in 
40 PD patients [ 19 ] gives insuffi cient and contra-
dictory information on the design of the study 
and on effi cacy and does not present at all adverse 
events. The presented graphs seem to reveal that 
both drugs were similarly effective. This study is 
not helpful to interpret the relative value of alpra-
zolam and SSRI in treating PD. 

 Nardi et al. [ 20 ] compared the effi cacy and 
safety of  clonazepam and paroxetine   in patients 
with PD referred to or consulted spontaneously 
the Panic and Respiration Laboratory at the 
Federal University of Rio de Janeiro during acute 
and long-term treatment and during drug discon-
tinuation. Patients were afterwards systemati-
cally followed over additional 6 years. This is to 
our best knowledge, the only study that compared 

valid a high potency benzodiazepine with an 
SSRI in PD under realistic therapeutic conditions 
and demonstrated long-term outcome. A total of 
120 patients with PD were randomized to receive 
clonazepam (N = 63) or paroxetine (N = 57). 
Treatment was started with 1 mg clonazepam or 
10 mg of paroxetine and up-titrated to mainte-
nance doses of 2 mg clonazepam and 40 mg par-
oxetine that most reached in most instances at the 
end of the second treatment week. 

 Panic attacks decreased in both groups already 
during the fi rst treatment week with marginal 
advantage for clonazepam. Patients had at the 
end of the fi rst month in average 0.1 PA/week 
under clonazepam and 0.5 PA/week under parox-
etine (p < 0.5). After 8 weeks of treatment the 
number of PA/week was nearly identical in both 
groups (0.16/0.15) and 90 % of the clonazepam 
patients were free from PA (paroxetine: 82 %). 
CGI-S improved in both treatment groups simi-
larly over time but improvement in HAMA was in 
both groups only small during the 8 weeks of treat-
ment (Clonazepam from 11.9 ± 2.4 to10.5 ± 3, par-
oxetine from 11.5 ± 2.7 over a pejoration during 

  Fig. 16.1    Clinical 
improvement with alprazolam, 
clonazepam and placebo.  CGI  
Clinical Global Impression. 
Tesar et al. [ 16 ]       
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the fi rst 2 weeks to 10.4 ± 3.7). A majority of 
patients (64 %) complained of AE already at 
baseline. The following table shows the adverse 
events present during the month before baseline 
and during study (see Table  16.1 ).

   All participants were invited to continue treat-
ment during the long-term study [ 21 ]. Patients 
with a good primary response (≤1 PA 7 month, 
CGI-S <3) to monotherapy continued with the 
same drug and dose. Partial responders or no 
responders were invited to switch to combination 
therapy with  clonazepam and paroxetine  . Target 
doses for all patients were 2 mg/day clonazepam 
and 40 mg/day paroxetine (both taken at bed-
time). The therapeutic success reached after 8 
weeks of treatment was maintained during long- 
term treatment and patients improved further 
somewhat: 87 % of clonazepam-treated patients 
were free of PAs and 55 % of both PAs and AEs 
during the entire long-term period. Patients 
switched to combination therapy improved also 
but remained always in a somewhat less favor-
able conditions compared to the two other groups. 

 At the end of 3-years treatment resulted for 
both monotherapy groups in an excellent treat-
ment success (PA/month, CGI-S, CGI-I, 0.1 
HAM-A for clonazepam 0.1 ± 0.3, 1.1 ± 0.3, 
1.2 ± 0.4, 6.4 ± 2.8 and for paroxetine 
0.2 ± 0.5,1.1 ± 0.3,1.1 ± 0.3, 7.5 ± 3.1. Altogether 

there were only small differences between the 
three treatment groups concerning effi cacy: some 
more patients left in the combination and parox-
etine group treatment early and some effi cacy 
parameters were with clonazepam slightly better. 
All three treatments were in general well toler-
ated but with AE profi les favoring clonazepam 
(Table  16.2 ).

   Discontinuation of drug treatment aimed to 
reach drug free status within two months. The 
dosage of clonazepam was decreased by incre-
ments of 0.5 mg clonazepam (paroxetine: 10 mg) 
in 2-week intervals until reaching 1 mg/day (par-
oxetine: 20 mg/day) Subsequently, dose reduc-
tion was by 0.25 mg clonazepam per week (5 mg 
paroxetine). If the patient did not tolerate the 
tapering because of anxiety or withdrawal symp-
toms the intervals of dose reduction were pro-
longed or another medication, such as mirtazapine 
or  carbamazepine   was temporally added. 
Withdrawal was altogether at least partially suc-
cessful in 73 % of patients (clonazepam 86 %, 
paroxetine 60 %, combination 63 %) with statisti-
cal advantage for clonazepam (p < 0.005). 

 After drug discontinuation, nearly all patients 
relapsed within the following 6 years, but 
renewed treatment with clonazepam or  parox-
etine   for at least 1 year was successful in most 
instances. Nearly every third patient needed 

   Table 16.1    Adverse events during short-term treatment with clonazepam or  paroxetine   (Nardi et al. [ 20 ])   

 Before treatment 
(N = 120) 

 Clonazepam 
(N = 63) 

 Paroxetine 
(N = 57)  Statistic 

 Frequent adverse events ≥ 10 %  %  %  %  P *  

 Drowsiness/fatigue  0  57   81   <0.01 
 Sexual  dysfunc  tion  13  11   70   <0.01 
 Nausea/vomiting  16  0   61   <0.01 
 Appetite/weight change  1  2   54   <0.01 
 Dry mouth  3  0   47   <0.01 
  Excessi  ve sweating  2  0   32   <0.01 
 Diarrhea/constipation  0  0   26   <0.01 
 Shaking/trembling  44  0   25   <0.01 
 Memory/concentration diffi culties  27  24   40   ns 
 Weakness  27  10  12  ns 
  A  nxiety/irritability  58  0  2  ns 
 Insomnia/nigthmare  45  0  0  ns 

   ns  non-statistically signifi cant 

  * Exact Fisher with Benjamini-Hochberg correction for multiple testing  
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drug treatment during each follow up year. 
Altogether was the procedure of drug discon-
tinuation and restart of treatment successful: 
90 % of patients were in average in remission 
during the follow up period (36 % full remission 
[<2 PA/mth], 54 % partial remission [<3 PA/
mth]) during the 6 years after drug withdrawal. 
73 % of patients were in average free of panic 
attacks during the 6 follow up years, 91.1 % had 
a GCI-S score of 1, and 38.8 % had a HAMA 
between 5 and 10 points. 

 The study has shown that clonazepam and 
paroxetine were highly effective for treating PD 
during acute and long-term treatment (with minor 
advantages in favor of clonazepam). All patients 
tolerated stepwise drug discontinuation after 
3-years of treatment without rebound and with 
few AE and only slight worsening of the clinical 
status. Clonazepam was better tolerated during 
treatment and drug discontinuation. The large 
majority of patients (94 %) relapsed during the 
follow-up period of 6 years. Retreatment after 
relapse with either clonazepam or paroxetine was 
again successful in most instances but again bet-
ter tolerated by patients taking clonazepam.  

16.5     Long-Term Experience 

 In the naturalistic study of Worthington [ 22 ] a 
total of 93 patients receiving clonazepam alone 
or clonazepam plus another medication was fol-
lowed over 2 years. Patients on monotherapy 
took between month 6 and 24 in average 1.6 mg/
day clonazepam. Daily clonazepam dose of 
patients on combined therapy was 2.3 mg in aver-
age at month 6 and 2 mg between month 12 and 
24. Treatment with clonazepam alone and in 
combination was associated with achievement 
and maintenance of therapeutic benefi t without 
the development of tolerance as manifested by 
dose escalation or worsening of clinical status. 

 Nardi et al. [ 23 ] studied 35 patients with the 
respiratory subtype of PD and 32 patients with 
the non-respiratory subtype in an open pro-
spective long-term study lasting for 3 years. 
Patients with at least 4 PA/month, a HAMA ≥ 18 
and HAMD 21  < 17, negative screens for benzo-
diazepines and barbiturates were admissible. 
The dose was 1 mg/day during the fi rst week 
and, in the absence of dose-limiting adverse 
reactions, was increased to 2 mg/day in the 

   Table 16.2    Adverse events during long-term treatment with clonazepam or  paroxetine   (Nardi et al. [ 21 ])   

 Frequent adverse events during long-term 
treatment (≥10 % in a group)  Clonazepam  Paroxetine  Statistic  Combination 

 (N = 47)  (N = 37)  (N = 21) 

 %  %  P *   % 

 Appetite/weight change  0  97.3  <0.001  86 
 Excessive sweating  0  78.4  <0.001  67 
 Nausea/vomiting  6.4  78.4  <0.001  62 
 Diarrhea/ cons  tipation  21.3  81  <0.001  71 
 Dry mouth  25.5  83.8  <0.001  81 
 Sexual dysfunction  46.8  97.3  <0.001  90 
 Shaking/trembling/tremor  0  40.5  <0.001  67 
  Heada  che  6.4  35.1  <0.05  33 
 Drowsiness  76.6  100  <0.05  95 
 Memory/concentration problems  59.6  86.5  ns  71 
 Insomnia/nightmares  4.3  21.6  ns  10 
 Paresthesias  4.3  21.6  ns  14 
 Weakness  29.8  40.5  ns  24 
 Depersonalization  17  24.3  ns  24 
  Metalli  c taste  21.3  18.9  ns  29 

   ns  non-statistically signifi cant 

  * Exact Fisher with Benjamini-Hochberg correction for multiple testing  
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second week and could afterwards be increased 
up to a maximum of 4 mg/day. The average 
dose at endpoint was 2.8 mg/day, whereby two 
third of patients took 2 mg/day. A signifi cant 
improvement was shown in number of panic 
attacks, CGI, anticipatory anxiety, HAM-A, 
quality of life after 6 month and 3 years of 
treatment. The most common adverse events 
recorded were (%) somnolence (76), fatigue 
(46), memory complaints (39), dry mouth (40), 
decreased libido (34), ataxia (22), constipation 
(21), and lightheadedness (23).  

16.6     Combined Treatment 
with SSRI 

 Co-therapy with  SSRI   or augmentation therapy 
SSRI are effective in the treatment of PD and are 
regarded by many clinicians as fi rst-choice treat-
ment [ 23 ]. This is also refl ected in the APA 
guidelines for the treatment of PD. SSRI have for 
the treatment of PD a number of handicaps 
including a slow onset of action (several weeks) 
and unpleasant  side effects  , such as worsening of 
anxiety in the initial treatment phase, sexual and 
cognitive disturbances, insomnia, agitation, and 
weight gain [ 24 ]. Adding clonazepam for the ini-
tial 6–8 weeks is effective in bridging the time 
until the desired SSRI effect is achieved. This 
helps to prevent the occurrence of anxiety states, 
insomnia, and agitation during the initial phase of 
treatment. 

 In a double-blind trial, Goddard et al. [ 25 ,  26 ] 
treated 50 PD patients with open-label  sertraline   
for 12 weeks. In addition, patients were randomly 
assigned to either clonazepam (1.5 mg/day) or 
placebo for 4 weeks. The clonazepam dose was 
then tapered during 3 weeks and fi nally discon-
tinued. There were signifi cantly more responders 
in the sertraline/clonazepam group than the ser-
traline/placebo group at the end of week 1 of the 
trial (41 % vs. 4 %, p = 0.003). Moreover, there 
was a signifi cant between-group difference in the 
percentage of responders at the end of week 3 
(63 % of the sertraline/clonazepam group vs. 
32 % of the sertraline/placebo group, p = 0.05). 
The authors concluded that stabilization of panic 

 symptoms   can be safely achieved with a sertra-
line/clonazepam combination, demonstrating the 
clinical value of the combination for facilitating 
early improvement of panic symptoms relative to 
sertraline alone. 

 In a randomized study in 60 PD patients, 
Pollack et al. [ 27 ] compared the effi cacy and 
safety of paroxetine and placebo vs. paroxetine 
co-administered with clonazepam. The initial 
treatment phase was followed by a tapered ben-
zodiazepine discontinuation phase or ongoing 
combination treatment. All treatment groups 
demonstrated marked improvement. There was a 
signifi cant advantage for combined treatment 
early on but subsequently, the outcome in all 
three groups was similar. The authors concluded 
that combined treatment with paroxetine and 
clonazepam resulted in a more rapid initial 
response than SSRI treatment alone, but there 
was no difference beyond the initial few weeks of 
therapy. 

 Initiating combined treatment, followed by 
benzodiazepine taper after a few weeks, may pro-
vide fast benefi t while avoiding the potential 
adverse consequences of long-term combination 
therapy. Published studies suggest that between 
30 % and 60 % of patients receiving antidepres-
sants including SSRI may experience some form 
of treatment-induced sexual dysfunction [ 28 ]. In 
an opinion survey among 439 psychiatrists, most 
psychiatrists appeared to favor switching to clon-
azepam monotherapy if major AEs occurred with 
SSRI, rather than continuing with combination 
therapy [ 29 ]. 

 Initial co-therapy of high potency benzodiaz-
epines with SSRI and serotonin norepinephrine 
reuptake inhibitors (SNRI) has also clear disad-
vantages: treatment schedule is becoming very 
complex including a drug discontinuation period 
for benzodiazepines after some weeks of treat-
ment and the high probability that  adverse events 
(AE)   of both drugs will combine. Cotherapy 
should therefore only be considered if there are 
defi nite reasons not to initiate monotherapy with 
high potency benzodiazepines (concomitant 
depression, history of alcohol or drug abuse) and 
the patients is not willing to accept this initial dis-
advantages of SSRI/SNRI treatment.  
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16.7     Adverse Events 
During Short-Intermediate 
Term Placebo Controlled 
Studies 

 Benzodiazepines, including clonazepam and 
alprazolam, are well tolerated in clinical use. 
Benzodiazepines have addition to its  anxiolytic 
effects   three other basic pharmacological effects; 
they are in addition sedative, muscle relaxant and 
anticonvulsive. In the big placebo controlled 
studies complaints were systematically recorded 
at baseline and at each control during drug 
administration. This allowed identifying untow-
ard  signs and symptoms   that appeared or wors-
ened during treatment. AE have the same 
frequency with the active treatment and placebo 
are most probably not drug related. In certain 
situations patients certain adverse events may be 
more frequent with placebo than with active 
treatment. This indicates that symptoms occur-
ring during PD but not considered to be core 
symptoms are controlled by the active treatment 
but not by placebo. 

 Detailed information on AE were for alpra-
zolam reported by Noyes et al. [ 30 ], Tesar et al. 
[ 16 ], the Cross-National Collaborative Panic 
Study [ 6 ], Cassano et al. [ 31 ] and Leon et al. [ 32 ]. 
The above-mentioned studies reported AE on 
patients treated with  alprazolam   and patients 
treated with placebo. Sedation, fatigue, ataxia, 
slurred speech, amnesia were the most frequent 
AE of alprazolam during the acute treatment of 
PD as can be seen from the following table. They 
are well known pharmacological effects of ben-
zodiazepines that are unwanted in the specifi c 
situation. They were dose related and many of 
them decreased or disappeared with ongoing 
treatment. On the other hand had alprazolam a 
positive effect on other symptoms that are associ-
ated with PD, as can be seen from Table  16.3 .

   Signifi cant differences between alprazolam-
 XR and placebo were found for sedation, somno-
lence, coordination abnormal, dysarthria, 
memory impairment, disturbance in attention, 
balance impaired, libido decreased, ataxia, con-
stipation, fatigue. Most of the reported drug 
related AE are expressions of unwanted pharma-

cological effects. The placebo-controlled studies 
of  clonazepam   in PD [ 12 – 14 ,  33 ] comprise in 
total 626 cases treated with clonazepam and 341 
placebo cases. The common drug related adverse 
events are nearly identical with those of alpra-
zolam as can be seen from Table  16.4 .

16.8        Adverse Events During Long- 
Term Treatment 

 Most patients with PD need long-term treatment 
to prevent recurrence of panic attacks. Drug 
related adverse events are most often reason for 
abandoning prematurely  chronic treatment  . Good 
tolerability is therefore pivotal for long-term suc-
cess. Unfortunately information on AE’s during 
long-term treatment of PD with benzodiazepines 
is very sparse. Schweizer et al. [ 34 ] gives detailed 
information on AE’s present during the 32-week 
treatment with alprazolam (N = 30) and placebo 
(N = 10). The frequency of AE decreased during 
long-term treatment compared to the initial 
6-week treatment and there was no signifi cant 
difference between alprazolam and placebo in the 
frequency of any AE, but sedation, dry mouth, 
impaired coordination and decreased libido were 
numerically more frequent with  alprazolam and 
nervousness   was numerically more frequent with 
placebo. Nardi et al. compared the adverse events 
present before and during long-term treatment 
with clonazepam or  paroxetine   [ 21 ]. Comparison 
of the frequencies of AEs experienced at baseline 
and during long-term treatment may enable dis-
tinguishing between drug-related AEs and those 
associated with PD. Insomnia/nightmares, anxi-
ety, shaking/trembling/tremor, paresthesia, and 
headache were present at study baseline, and 
these were signifi cantly reduced during treatment 
with either clonazepam or paroxetine, whereas 
nausea/vomiting, weakness, and memory/con-
centration diffi culties were reduced only by clon-
azepam. Clonazepam treatment led to a signifi cant 
increase in drowsiness during the entire long- 
term treatment (2 % vs 23 %, P G 0.01). During 
long-term paroxetine treatment, sexual dysfunc-
tion (14 % vs 49 %, P G 0.01), excessive sweating 
(0 % vs 20 %, P G 0.05), drowsiness (0 % vs 

16 Benzodiazepines in Panic Disorder

mp2285@cumc.columbia.edu



246

41 %, P G 0.001), diarrhea/ constipation (0 % vs 
23 %, P G 0.01), and appetite/weight change (5 % 
vs 51 %, P G 0.001) were increased.  

16.9     Drug Discontinuation 

 Withdrawal, concern on drug dependence after 
prolonged use of benzodiazepines and diffi cult to 
manage withdrawal symptoms during drug dis-
continuation were mentioned in nearly all publi-
cations on therapeutic use of benzodiazepines 
that appeared in the nineties of the last and at 
begin of this century. There is no doubt that after 
abrupt drug discontinuation severe withdrawal 
 symptoms  , including seizures, were observed 

also in panic patients treated with benzodiaze-
pines [ 35 ,  36 ]. 

 According to Greenblatt et al. the abrupt dis-
continuation of  short-acting agents  , following 
extended use at high doses, would be expected to 
produce a more severe withdrawal syndrome 
[ 37 ]. Drug discontinuation from drugs with short 
half-life of elimination is more diffi cult and 
demanding than discontinuation from drugs with 
intermediate or long half-life: Withdrawal reac-
tions for  fl uoxetine   (half-life 4–6 days) are not 
reported but for venlafaxine (half-life 4 h) severe 
withdrawal symptoms were observed few hours 
after omitting a dose [ 28 ,  37 ,  38 ]. Extended 
release formulations (XR, CR) prolong the 
absorption phase, reduce C max  and smooth there-

   Table 16.3    Adverse effects of alprazolam and placebo in  panic disorder   treatment   

 Alprazolam  Placebo  Statistic 

 Number of subjects  760  733  P *  

  AE more frequent with alprazolam  
 Sedation  58.7 %  23.6 %  <0.001 
 Fatigue/weakness  20.8 %  15.3 %  <0.05 
 Ataxia  19.6 %  9.1 %  <0.001 
 Increased appetite  18.2 %  8.6 %  <0.001 
 Constipation  11.3 %  6.7 %  <0.05 
 Slurred speech  11.2 %  4.4 %  <0.001 
 Amnesia  5.2 %  3.0 %  ns 
 Weight change  4.4 %  0.6 %  <0.001 
  AE more frequent with placebo  
 Dry mouth  14.9 %  20.7 %  <0.05 
 Headache  11.3 %  17.5 %  <0.05 
 Nausea/vomiting  7.0 %  15.3 %  <0.001 
 Dizziness/ faint  ness  10.9 %  15.0 %  <0.05 
 Insomnia  5.8 %  13.2 %  <0.001 
 Nervousness  4.9 %  11.5 %  <0.001 
 Tremor  6.3 %  11.5 %  <0.05 
 Depression, depressive feelings  3.0 %  9.0 %  <0.001 
 Abdominal discomfort  4.6 %  8.5 %  <0.05 
 Tachycardia  4.9 %  8.3 %  <0.05 
 Chest pain  4.2 %  7.8 %  <0.05 
 Excessive sweating  4.8 %  7.8 %  <0.05 
 Hyperventilation  3.6 %  6.4 %  <0.05 
 Palpitations  2.4 %  5.9 %  <0.05 
 Other sleep  dis  turbance  2.0 %  5.9 %  <0.001 
 Malaise  3.0 %  5.9 %  <0.05 
 Faintness  3.0 %  5.2 %  ns 

   AE  adverse events,  ns  non-statistically signifi cant 

  * Pearson’s Chi-square test with Benjamini-Hochberg correction for multiple testing  
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fore the plasma-concentration-profi le between 
doses, but this has no essential effect on the elim-
ination constants and does therefore not reduce 
the withdrawal risk associated with half-life of 
elimination. 

 Withdrawal reactions are not limited to treat-
ment with benzodiazepines. It is now widely 
accepted that PD is related to abnormalities in the 
function of a variety of neurotransmitters includ-
ing serotonin, noradrenaline, GABA,  dop  amine, 
cholecystokinin, and endogenous opioids [ 39 , 
 40 ]. Treatment with antipanic agents results in a 
new  homeostasis   that would be disrupted by sud-
den stop or quick discontinuation of antipanic 
treatment. A similar situation is present after 
long-lasting treatment with  corticosteroids  ; there 
the drug discontinuation takes weeks or even 
months, although these substances have half- 
lives of few hours. Abrupt discontinuation of 
long-lasting treatment with corticosteroids is 
medical   malpractice     and this is in our opinion 
also the case for abrupt discontinuation of long- 
lasting treatment with antipanic drugs, especially 
if they do not have ultra-long half-life. 

 It was already in the early short-term studies 
shown that withdrawal reactions can be avoided 
by slow down-titration. Fyer et al. documented 
[ 41 ] tapered alprazolam discontinuation after an 
average treatment duration of 6 months in 18 out 
of 30 patients that had participated in a drug trial 
[ 42 ]. Patients took 2.5–8.5 mg/day alprazolam 
before drug discontinuation. Alprazolam was 
decreased every 3 days by 0.5 or 1 mg, at as close 
to a rate of 10 % of the original dose. Only four of 
the 18 subjects completed withdrawal from alpra-
zolam by following the fi xed protocol, 15 had a 

recurrence or increase in panic and all except one 
suffered from withdrawal symptoms. The authors 
discuss critically the problematic outcome of this 
study and mention as possible reasons for with-
drawal symptoms and relapse: the length of drug 
treatment, the rate of drug decrease, and drug 
half-life. 

 Abelson et al. [ 43 ] gives an example of mod-
ern, patient centered drug discontinuation after 
long-term treatment of panic attacks. Nineteen 
patients had participated in a clinical study [ 44 ] 
and were afterwards switched to long-term treat-
ment. After 1 year of treatment in average and 
1–3 months of stable remission, alprazolam dose 
reductions were initiated to reach maintenance of 
a non-impaired, minimal symptom state and drug 
discontinuation if feasible. The pace of reduc-
tions was at the discretion of the patients, but they 
were cautioned to go no faster than 0.25 mg every 
2 weeks. Drug tapers lasted in average 7.7 
months. Alprazolam was discontinued in 78 % of 
patients. Relapse occurred in 36 % of these, an 
average of 6.4 months after drug discontinuation. 
The total group remained at follow up, 21 months 
after initiation of alprazolam treatment, signifi -
cantly improved, compared to pre-treatment, 
despite the presence of fi ve relapsers. 

 Nardi et al. [ 45 ] report the discontinuation of 
clonazepam in PD patients treated continuously 
for at least 3 years. In total, 73 Patients free of PD 
symptoms for at least 1 year and wishing to dis-
continue clonazepam therapy participated in the 
systematic discontinuation with a planned dose 
decrease by increments of 0.5 mg in 2-week 
intervals until reaching 1 mg/day. Subsequently, 
dose reduction was by 0.25 mg/week. If the 

   Table 16.4    Adverse events of alprazolam XR in panic disorder  treatment     

 Clonazepam  Placebo  Statistic 

 N = 626  N = 342  P *  

 Somnolence/sedation  37.1 %  1.8 %  <0.001 
 Dizziness/drowsiness  9.3 %  0.6 %  <0.001 
 Fatigue  6.4 %  0.0 %  <0.001 
 Memory/attention problems  6.7 %  0.3 %  <0.001 
 Ataxia  5.6 %  0.0 %  <0.001 
  Coordination   abnormal  5.4 %  0.9 %  <0.05 
 Depression  6.7 %  3.5 %  <0.05 

   * Pearson's Chi-square test with Benjamini-Hochberg correction for multiple testing [ 45 ]  
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patient did not tolerate the tapering because of 
anxiety or withdrawal symptoms, tapering inter-
vals could be prolonged or another medication 
could be added. Patients received before tapering 
a clonazepam dose of 2.7 ± 1.2 mg/day. It was 
aimed to reach drug free state without reappear-
ance of panic attacks latest 4 month after begin of 
the drug discontinuation. This goal was reached 
in 70 % of cases; in additional 19 % of patients it 
took between 4 and 6 month to be drug free and 
without  panic attacks  . As many as 89 % of 
patients completely stopped intake of any PA 
medication and were free of PAs within 6 months 
at most. In the remaining 11 % of patients the 
clonazepam dose was reduced to 0.5 mg/day and 
later on replaced by  mirtazapine  . During the fol-
low- up period of 8 month no patient had to go 
back to the original treatment and 82 % of patients 
remained free of panic attacks and all others had 
one PA/month at most. 

 All the presented studies show unequivocally 
the same: Treatment duration up to 12 (24) weeks 
is insuffi cient to reach maximal possible thera-
peutic effect and relapse during or shortly after 
drug discontinuation is frequent. Rebound and 
intolerable adverse events during drug discontin-
uation can be avoided in most cases if the dose is 
slowly down titrated in small decrements over a 
prolonged period of time. 

 We follow since many years and with excel-
lent success the following schema for drug dis-
continuation after long-term treatment with 
antipanic agents: fi rst the dose is decreased in 
2-week intervals by decrements corresponding to 
20–25 % of daily dose at treatment end. 
Afterwards the dose is decreased each week but 
the dose diminution is reduced to have, corre-
sponding to approximately 10–15 % of the daily 
dose at treatment end. If the patients does not 
well tolerate the tapering than the intervals have 
to be prolonged. This scheme worked well and 
most of the patients became drug free within 6–8 
weeks and the temporary use of another medica-
tion such as carbamazepine or  mirtazapine   was 
necessary only very rare cases. In our 3-year- 
long-term study comparing clonazepam with par-
oxetine we have for instance used the following 
schema: The dosage of clonazepam was 

decreased by increments of 0.5 mg in 2-week 
intervals until reaching 1 mg/day. Subsequently, 
dose reduction was by 0.25 mg/week. The dosage 
of paroxetine was decreased by increments of 
10 mg in 2-week intervals until reaching 20 mg/
day. Subsequently; dose reduction was by 5 mg/
week [ 46 ].  

16.10     Pharmacokinetics 

 Panic attacks manifest often out-of-the blue and 
this can happen at any time of the day. 
Benzodiazepines effects are dose- and concen-
tration dependent. The patient is not protected 
against panic attacks if the concentration is too 
low. On the other hand excessive high concentra-
tions should be avoided to avoid oversedation 
lack of attention, fatigue, weakness and ataxia 
leading to unstable gait and slurred speech. 
Alprazolam has a short half-life of elimination, 
accounting for approximately 12 h. In the early 
clinical studies alprazolam intake was therefore 
fractioned in multiple doses. But even dose frac-
tioning could not prevent daytime symptom 
recurrence, so called “clock watching” and early 
morning “rebound” [ 8 ]. These symptoms were 
no longer observed when patients were switched 
to the long acting  clonazepam   [ 9 ]. To avoid these 
problems an additional galenical formulation of 
alprazolam was introduced to the market: 
 Alprazolam-XR  , an extended-release formula-
tion prolonging the absorption period over sev-
eral hours. Glue [ 47 ] investigated the single dose 
pharmacokinetics of alprazolam XR in 12 ado-
lescent and 12 adult subjects. Blood samples 
were obtained predose and at 1, 2, 3, 4, 6, 8, 10, 
12, 24, 36, and 48 h after the intake of 1 and 
3 mg. The mean concentration–time profi les 
after 1 and 3 mg doses were similar in both pop-
ulations, and were characterized by a fast plasma 
concentration increase during the fi rst 2 h after 
intake, followed by a quasi-plateau phase until 
12 h, and the fi nal elimination with a half-life of 
15.6 h. PD needs chronic treatment over months 
or even years. The usual alprazolam XR dose in 
PD is 3 mg/day to be taken in the morning and 
the usual clonazepam dose is 2 mg/day to be 
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taken before going to bed. The graph shows a 
simulation of  steady state plasma levels   of 3 mg/
day alprazolam XR given in the morning and of 
2 mg/day clonazepam given in the evening. The 
therapeutic dose differences mirror clonaze-
pam’s higher affi nity to the benzodiazepine 
receptors and therefore higher potency. The sim-
ulation is based on single dose data provided by 
Glue for alprazolam XR [ 47 ] and by Crevoisier 
for clonazepam [ 48 ]. Plasma level fl uctuation 
over 24 h is for alprazolam XR and clonazepam 
similar: C max /C min  = 1.68 for alprazolam and 1.64 
for clonazepam. Plasma level fl uctuation during 
day is with alprazolam more important: C morning /
C evening  = 1.68 for alprazolam and 1.16 for clonaz-
epam. Plasma levels of alprazolam and clonaze-
pam decrease during night by 50 % resp. increase 
by 60 %. Clonazepam may therefore be given 
preference for patients that suffer from  comorbid 
sleep disorders  . After alprazolam XR given in 
the morning induces maximal CP around noon 
and may therefore have a negative impact on 
alertness and performance during this period. 
The maximal plasma concentration of clonaze-
pam during nigh could eventually increase in 
elderly patients the increased risk of falls during 
night. From a pharmacokinetic standpoint of 
view single evening doses of clonazepam offer 

some advantage over single alprazolam XR 
morning doses (see Fig.  16.2 ).

16.11        Substance Use Disorder 

 Most recent treatment guidelines recommend 
SSRI as the fi rst choice for the treatment of 
PD. Benzodiazepines have the reputation to 
cause dependence, especially if they are taken for 
long-term and in high doses. These recommenda-
tions are mainly based on expert opinions mainly 
supported by a large number of clinical trials and 
panels with SSRI since evidence coming from 
direct drug comparisons in PD is sparse. 

 The study reported by Fisecovic et al. [ 19 ] 
lacks validity, as reported above. The direct com-
parison of clonazepam with  paroxetine   [ 49 ,  50 ] 
showed that both drugs were similarly highly 
effective during acute treatment but clonazepam 
was better tolerated. All patients agreed to dis-
continue drug treatment after 3 years of treatment 
and a dose reduction was possible in all patients. 
The risk for benzodiazepine dependence and 
abuse was in the past by several authors consid-
ered as clear argument against any long-term use 
of benzodiazepines. Benzodiazepine dependence 
and abuse was mainly observed when benzodiaz-
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epines were taken without precise indication, for 
recreational purpose or by patients with a history 
of alcohol or substance  abuse  . There is no doubt 
that every substance must be prescribed with 
clinical concerns and indications. 

 Fujii et al. [ 51 ] published recently the results 
of a cross-sectional study on the dependence on 
benzodiazepines in patients with PD. Among 
outpatients with this disorder, 60.8 % had a total 
score higher than 4 in the SDS. This was inter-
preted as a 60.8 % incidence of psychological 
dependence. The proportion of patients with 
dependence was signifi cantly lower in remitted 
patients (i.e. a total score lower than 5 in the 
PDSS) (44.1 %, n = 15/34) than those who were 
not remitted (94.1 %, n = 16/17). We found that 
the study has limitations that make the interpreta-
tion diffi cult: Severity of Dependence Scale 
(SDS) (Box  16.1 ) was developed to measure the 
degree of psychological dependence experienced 
by users of different types of illicit drugs (heroin, 
amphetamine, cocaine and others). De las Cuevas 
et al. [ 52 ] has adapted and validated the SDS with 
the help of CIDI for benzodiazepine dependence 
in regular benzodiazepine users. A cut-off of 7 
resulted in a sensitivity of 97.9 % and in a speci-
fi city of 94.2 %. Fujii et al. [ 51 ] gave no explana-
tion for the low cut-off point at 5 points. From a 
clinical standpoint of view it seems normal that a 
PD patient having experienced the positive thera-
peutic effects of drug treatment would be worried 
somewhat by the prospect of missing a dose and 
would not like to stop the ongoing treatment also 
he would wish that he could stop it once he is in 
remission for a prolonged time.  

 We appraise that the publication from Fujii 
et al. [ 51 ] overestimates the problem. We have 
therefore asked ten psychiatrists treating pre-
dominately  anxiety disorders   at our institute to 
give an educated guess on problematic use of 
benzodiazepines and SSRI/SNRI’s during the 
treatment of PD patients. There was consensus 
that impaired control (items 1 and 2, seldom 3) 
would be the main characteristics for substance 
use disorder during the treatment of PA with 
benzodiazepines and SSRI/SNRI. There was 
consensus that the therapeutic use both sub-
stance classes may lead to mild/moderate sub-
stance abuse disorder in ~one out of four patients. 
Dose increase over the prescribed dose is more 
often observed with benzodiazepines but treat-
ment for longer than intended, and unsuccessful 
efforts to stop or cut down use is a more frequent 
problem with SSRI/SNRI. 

 The risk for substance abuse disorder subse-
quent treatment of PD is not negligible but of 
similar importance for benzodiazepines and 
SSRI/SNRI. Since no hard data exist a group of 
psychiatrists treating mainly anxiety disorders 
made an educated guess on problematic drug use 
during and after PD treatment with high potency 
benzodiazepines or SSRI/SNRI (Table  16.5 ).

16.12        Conclusions 

 The benzodiazepines are effi cacious in PD treat-
ment. Despite the importance relying on the con-
cern about dependence and withdrawal, other 
psychotropic drugs as  antidepressants  , are also 
related to withdrawal syndrome even few hours 
after omitting a dose. Studies show that with-
drawal reactions can be avoided by slow down- 
titration, in which the physician can manage. 

 Another important concern regards benzodi-
azepines abuse. Despite the few studies available, 
a research with psychiatrists working mainly 
with anxiety disorders reached a consensus that 
the increase over the prescribed dose is more 
often observed with benzodiazepines but treat-
ment for longer than intended, and unsuccessful 
efforts to stop or cut down use is a problem more 
frequent with SSRI/SNRI. Also, the risk for 

  Box 16.1. Severity of Dependence Scale [52] 

 Did you think your use of tranquillizers 
was out of control? Did the prospect of 
missing a dose make you anxious or wor-
ried? Did you worry about your use of 
tranq-uillizers? Did you wish you could 
stop? How diffi cult would you fi nd it to 
stop or go without your tranquillizers? 
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substance abuse disorder subsequent treatment of 
PD is not negligible but of similar importance for 
benzodiazepines and SSRI/SNRI. 

 Despite the reputation to cause dependence 
based on expert opinions mainly supported by a 
large number of clinical trials and panels with 
SSRI, benzodiazepines are very important in PD 
treatment and it is essential to have this group in 
the  armamentarium   for treating this disorder.     
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  Abstract  

  The available treatment methods for panic 
 disorder (PD; pharmacotherapy and cognitive 
behavioral therapy) are well documented as 
safe and effective. However, few patients 
remain free of panic attacks or in complete 
remission. With the advancement in the under-
standing of the neurobiological mechanisms 
involved in PD, new treatments have been pro-
posed. One such method is transcranial mag-
netic stimulation (TMS), a non-invasive method 
of focal brain stimulation. TMS is based on the 
Faraday's law of electromagnetic induction, 
where an electric current is infl uenced by the 
magnetic fi eld into the brain, inducing an elec-
tric current that depolarizes or hyperpolarizes 
neurons. Unlike for depression, only few stud-
ies are available today investigating the thera-
peutic effects of rTMS for PD. Thus, this 
chapter aimed to provide information on the 
current research approaches and main fi ndings 
regarding the therapeutic use of rTMS in the 
context of PD. So far, there is no conclusive evi-
dence of the effi cacy of rTMS as a treatment for 
PD. While positive results were found in most 
of studies, various treatment parameters, such 
as location, frequency, intensity and duration 
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have been used unsystematically, making diffi -
cult the interpretation of results and providing 
little guidance about which treatment parame-
ters (i.e., the stimulus location and frequency) 
may be more useful for the PD treatment. 
Therefore, further studies are needed to clearly 
determine the role of rTMS in PD treatment.  

  Keywords  

  Anxiety   •   Dorsolateral prefrontal cortex   • 
  Panic attack   •   Panic disorder   •   Repetitive tran-
scranial magnetic stimulation   •   rTMS  

17.1       Introduction 

 The available treatment methods for panic disor-
der ( PD  ; pharmacotherapy and cognitive behav-
ioral therapy) are well documented as safe and 
effective [ 1 – 3 ]. However, few patients remain 
free of  panic attacks   or in complete remission [ 4 ]. 
With the advancement in the understanding of 
the neurobiological mechanisms involved in PD, 
new treatments have been proposed. One such 
method is transcranial magnetic stimulation 
(TMS), originally introduced in 1985 as a non- 
invasive method of  focal brain stimulation   [ 5 ]. 
TMS is based on the Faraday’s law of electro-
magnetic induction, where an electric current is 
infl uenced by the magnetic fi eld into the brain, 
inducing an electric current that depolarizes or 
hyperpolarizes neurons [ 6 ]. 

 Despite being increasingly used in the treat-
ment of some psychiatric disorders, the effects of 
 repetitive transcranial magnetic stimulation 
(rTMS)      on PD treatment are poorly understood. 
The use of rTMS is considered a treatment based 
on  brain neuromodulation   due to the focus on 
directly reach the neural circuitry of  psychiatric 
disorders  . rTMS operates by changing or modu-
lating the function of the neural circuitry into the 
brain which is believed to be disorganized in 
these disorders [ 7 ]. 

 This chapter aims to provide current concepts 
and fi ndings on the therapeutic effects of rTMS 
for PD, in order to determine whether it may 

become feasible as a clinical application in the 
future. The historical aspects, basic principles, 
effi cacy, main experimental fi ndings and safety 
of rTMS will be addressed.  

17.2     Historical Aspects 
of Transcranial Magnetic 
Stimulation 

 Since the fi rst experiments in 1831, the English 
physicist and chemist Michael Faraday noted that 
it was possible to convert electrical energy into 
magnetic fi elds and magnetic fi elds into electric-
ity. Faraday demonstrated in his experiments that 
electrical currents are produced by an alternating 
magnetic fi eld, rather than static. Thus, if this 
concept is applied to a living organism, the  body 
tissues   would be considered the secondary cir-
cuit. The primary circuit would be composed of a 
stimulating coil and a stimulator, which promotes 
the discharge of electric pulses creating a mag-
netic fi eld. Consequently, the magnetic fi eld 
 generates an electric fl ow without direct contact 
with the tissue [ 8 ]. 

 The French physician and physicist 
D’Arsonval performed the fi rst clinical observa-
tion of electromagnetic stimulation in the brain, 
in 1896. In Paris, at the meeting of the Society of 
Biology, he reported the perception of light 
fl ashes (phosphenes) “seen” or perceived visu-
ally by subject undergoing to a magnetic fi eld 
applied to the head. Some years later, in 1902, 
Beer also reported similar fi ndings of D’Arsonval, 
who seem to be due to direct stimulation of the 
retina rather than to a central stimulation, since 
the retina is the most sensitive structure of the 
human body to induced currents [ 8 ]. 

 In 1910, Silvanus Thompson confi rmed that 
visual sensations can be induced by alternating 
magnetic fi eld. He also noted that after an expo-
sure lasting 2 min tactile sensations were also 
produced. Other researchers [ 9 ] subsequently 
reported these fi ndings. 

 After fi ve decades of neglect the use of TMS 
in research was resumed. In 1965, Bilckford and 
Fremming conducted an experiment where they 
contracted the muscles of animals and humans. 

S. Machado et al.

mp2285@cumc.columbia.edu



257

Researchers stimulated target muscles with a 
sinusoidal magnetic fi eld of 500 Hz with a peak 
amplitude of 4 T, reduced to zero in appro-
ximately 40 milliseconds (ms). Bickford and 
Fremming supposed that was possible to induce 
currents into the brain with magnitude enough to 
non-invasively stimulate  cortical structures   [ 10 ]. 

 In 1974, Anthony Barker, an English biomedi-
cal engineer, began to investigate the use of 
short-pulsed magnetic fi elds. The fi rst TMS 
device with practical utility was developed in the 
next year in an attempt to produce nerve stimula-
tion with selective speed, leading them to investi-
gate the possibility of creating a new unit for 
clinical purposes [ 9 ]. The equipment used by 
Barker reached a peak current of 2300 amperes 
(A), and rise time of approximately 120 micro-
seconds (μs), and that resulted in a magnetic fi eld 
with a peak in the coil center (transfer effi -
ciency ~ 20 %) of 2 Tesla (T). Thus, by applying a 
magnetic stimulus at a given joint, for example, 
the elbow, a clear feeling could be felt and light 
muscle contractions were observed [ 5 ,  9 ]. 

 However, the development and implementa-
tion of a biomedical device capable of modulat-
ing brain circuits through the electromagnetic 
fi eld have only been developed and published in 
1985 by Anthony Barker and colleagues [ 5 ]. The 
equipment reached a peak current of 6800 A and 
a magnetic fi eld of 2.2 T, being more effi cient in 
energy transfer from the capacitor to the coil 
(transfer effi ciency of ~80 %) than the apparatus 
previously developed. Since then, the group 
managed to Barker stimulated for fi rst time the 
motor cortex. A coil of 100-mm diameter was 
placed on the vertex of a healthy volunteer. They 
observed hand muscular movements and motor 
evoked potentials recorded from abductor muscle 
of the little fi nger by using superfi cial  electromy-
ography   [ 5 ,  9 ]. 

 The use of TMS emerged to be a diagnostic 
tool to study motor conduction in patients with 
 neurological diseases  , such as multiple sclerosis 
[ 6 ,  9 ]. Within this context, a single pulse was 
fi red and the motor conduction time, i.e. from 
motor cortex to the peripheral response, was 
measured. In 1990, with the introduction of 
repeated pulses, also called rTMS, it became a 
promising tool for therapeutic use [ 9 ].  

17.3     Basic Principles 
of Transcranial Magnetic 
Stimulation 

 rTMS has several relevant foundations that must 
be highlighted in order to provide a better under-
standing about its modes of action. In this sec-
tion, we will present the main terminology of 
rTMS that has so far been studied. 

 rTMS is a non-invasive technique able to 
modulate human cortical excitability not just at 
the site of stimulation, but also at remote areas. 
rTMS consists of essentially two pieces of hard-
ware, the main unit – a capacitive high voltage, 
high current discharge system – and a stimulating 
coil [ 11 ]. rTMS relies on Faraday’s principle of 
electromagnetic induction. During stimulation 
the main unit discharges a strong, brief current 
through the stimulation coil. This in turn induces 
a relatively brief (~100 μs), focal and rapidly 
changing magnetic fi eld, perpendicular to the 
plane of the coil. When the coil is held against the 
scalp, the magnetic fi eld passes unimpeded 
through the scalp and skull [ 2 ]. The time-varying 
magnetic fi eld induces a weak and short-lived 
current, fl owing in loops parallel to the orienta-
tion of the coil, at the site of stimulation that 
results in neuronal depolarization or spiking. The 
induced current is dependent on rate of change of 
the current discharged through the coil [ 11 ]. 

 In addition to being able to apply a single 
pulse of TMS, pulses can be applied in pairs or in 
trains, respectively referred to as  paired-pulse 
TMS  and  rTMS  [ 1 ,  2 ]. The protocol (i.e. the pat-
tern and frequency of the pulse trains) of rTMS 
can be classifi ed as being  conventional  or  pat-
terned . Conventional rTMS can be further subdi-
vided into low frequency (<1 Hz) and high 
frequency rates (>1 Hz) of stimulation, and also 
whether it is applied during or immediately after 
a subject performs a task (referred to as  online  
TMS) or whether the stimulation and task are 
separated in time ( offl ine  TMS) [ 12 ]. The success 
of online TMS relies on the pulse train altering 
neural activity during processing while the suc-
cess of offl ine TMS relies on the stimulation 
effects outlasting the stimulation period. Patter-
ned TMS refers to protocols where short trains of 
pulses are separated by periods of no stimulation, 
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and is only employed in an offl ine approach. The 
behavioral impact of rTMS depends on the stim-
ulation parameters used, though the  neurophysi-
ology   of these differences remains unclear [ 2 ]. 
Despite of the fact that the effects of conventional 
rTMS in primary motor cortex can be measured 
objectively by recording motor evoked potentials 
[ 4 ], the effect of rTMS on the majority of brain 
areas has no visible outcome thus must be 
indexed by either changes in accuracy or response 
times (or both) in an appropriate task. If the stim-
ulated area is causally involved during the pro-
cessing of a task [ 13 ,  14 ], and the rTMS is 
administered at an appropriate time [ 11 ] then 
rTMS temporarily affects task performance (e.g. 
decreases in accuracy or increases in reaction 
time – RTs). Consequently, online TMS is some-
times referred to as using TMS in ‘virtual lesion’ 
mode [ 13 ,  15 ]. Under certain circumstances TMS 
can improve task performance, for example if the 
target area is not required for the task or the TMS 
pulse is administered at an inappropriate time, 
then the TMS either has no effect or can facilitate 
task performance, the latter effect is consistent 
with intersensory facilitation [ 16 ]. Unlike offl ine 
rTMS (conventional or patterned), the effects of 
online rTMS appear to be short lived. This allows 
the investigation of when an area is causally 
involved in a cognitive function and is often 
referred to as using TMS in neurochronometric 
mode [ 15 ]. 

 Recently, a novel pattern of rTMS called 
 theta-burst stimulation (TBS)   was developed to 
produce changes in the human cerebral cortex 
excitability [ 17 ]. The main advantage of the TBS 
paradigm compared with conventional rTMS 
protocols is that a shorter period (between 20 and 
190 s) of subthreshold stimulation causes changes 
in cortical excitability that outlast the time of 
stimulation for at least 15–20 min. Huang et al. 
[ 18 ] proposed a TBS protocol consisting of bursts 
of three pulses given at 50 Hz repeated every 
200 ms (5 Hz), thus, mimicking the coupling of 
theta and gamma rhythms in the brain [ 16 ]. Two 
main modalities of TBS have been tested: inter-
mittent TBS induces facilitation of motor cortical 
excitability; continuous TBS leads to inhibition 
for 15–30 min after application [ 17 ,  19 ]. 

 Given the fact that rTMS induces a current in 
the brain, one might reasonably ask  where  is this 
current induced? Where is the locus of excitation? 
Considering that magnetic fi eld strength decreases 
rapidly with distance, it seems reasonable to expect 
that elements in the cortical mantle are preferen-
tially affected, with minimal impact on sub- 
adjacent white matter. Indeed, this was backed up 
by evidence from simulations of the effects of 
rTMS on increasingly realistic whole heads [ 20 , 
 21 ] and somewhat less realistic phantom heads 
(containers fi lled with physiological saline solu-
tion) [ 22 ]. Within the gray matter, mathematical 
modeling and empirical evidence suggest that exci-
tation is most likely to occur at axonal bends, ter-
minals and hillocks (where the cell body joins the 
axon), that is locations where the spatial derivative 
of the induced voltage exceeds a particular nega-
tive value [ 23 ]. Neurons with lower thresholds acti-
vate fi rst and can propagate the excitation along the 
axons and therefore to connected regions [ 24 ]. 

 As the magnetic fi eld intensity decays rapidly 
with distance [ 25 ,  26 ], successful stimulation of a 
 target tissue   depends on choosing appropriate 
stimulation intensity [ 27 ,  28 ]. However, at pres-
ent there is no consensus on the optimum way to 
do this. Some researchers use a set intensity for 
all subjects in a study [ 29 ]. However, given that 
there are likely to be intersubject differences in 
factors such as the depth of the target [ 30 ] and the 
target area’s local connectivity the minimum 
stimulation threshold is likely to vary across indi-
viduals and thus the choice of an arbitrary fi xed 
stimulation intensity may lead to subjects being 
under- or over-stimulated. If the targeted area is 
under-stimulated, the probability that the rTMS- 
induced current will affect processing is reduced. 
Over-stimulation increases the area of cortex 
being stimulated [ 11 ] and increases transsynaptic 
current spread [ 31 ], potentially confounding 
interpretation of results. Furthermore, overstimu-
lation increases the likelihood of adverse reac-
tions to rTMS, such as peripheral nerve 
stimulation and importantly increasing the pos-
sibility of seizure [ 32 ]. 

 The alternative is to attempt to adjust the 
 stimulation intensity for each participant in an 
experiment, most commonly by calibrating the 
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stimulation intensity to a percentage of each 
 participant’s  motor threshold (MT)   [ 11 ,  32 ]. 
When rTMS is applied over primary motor cor-
tex (M1), the induced currents depolarize neu-
rons in the  corticospinal tract  . If the intensity of 
stimulation is high enough, this results in a motor 
evoked potential or a visible twitch in the muscle 
corresponding to the stimulated cortical area [ 1 ,  2 ]. 
The MT is often defi ned as the minimum rTMS 
intensity that elicits a response (either motor 
evoked potential or twitch) in the contralateral 
thumb (abductor pollicis brevis) or index fi nger 
(fi rst dorsal interosseous muscle) in at least 50 % 
of the trials. MT is lowered by voluntarily con-
tracting the muscle (active motor threshold) rela-
tive to the resting motor threshold [ 1 ,  2 ,  11 ,  32 ]. 
Initial studies found no relationship between a 
subject’s MT and their phosphene threshold (the 
minimum intensity required to elicit phosphenes 
on 50 % of trials of visual cortex stimulation), 
calling into the question the suitability of using 
MT as a means of calibrating intensity for areas 
outside M1 [ 11 ,  32 ]. However, more recent work 
has shown that thresholds for motor and visual 
cortices are correlated when the thresholding 
procedure is the same across sites [ 33 ], providing 
a validation of the use of MT-calibrated stimula-
tion intensities in non-motor areas. An alternative 
approach, where the MT is scaled according to 
the difference in depth between M1 and the corti-
cal site of interest, is also promising [ 26 ] though 
awaits empirical testing. 

 The focality of the induced current is affected 
by the shape of the stimulating coil, and while a 
circular coil generates the strongest magnetic 
fi eld, the most commonly used coil is the fi gure- 
of- 8 design [ 1 ,  2 ,  11 ]. In the latter, the induced 
electric fi eld under the intersection of the 8, 
sometimes referred to as the ‘hot spot’, is double 
the magnitude as that induced at the wings. For 
certain target sites and coil orientations, the 
wings may be suffi ciently distant from the scalp 
that the magnetic fi eld produced by them may be 
discounted. However, this may not always be the 
case and the fi eld produced by the wings may be 
suffi cient to induce unwanted current in periph-
eral muscles, nerves or possibly  neural tissue   [ 11 ]. 
Approximations of the actual extent of induced 

neural current can be obtained from mathematical 
three dimensional head models [ 20 ] and phantom 
head simulations however, these estimates do not 
provide information regarding the physiologi-
cally effective spatial resolution, i.e. the distance 
between two points where stimulation produces 
different responses. For example, though the area 
that experiences at least 90 % of the maximum 
induced current is thought to be greater than 
1 cm 2 , using single pulse TMS it is possible to 
resolve sites less than 1 cm apart in motor and 
premotor cortex [ 34 ]. It is likely that the effective 
spatial resolution will be affected by the stimula-
tion intensity and protocol, with higher intensi-
ties and increasing number of pulses decreasing 
the resolving power. Nonetheless, sites as close 
as 2 cm have been effectively resolved using 
short pulses of high frequency rTMS [ 29 ]. The 
effective spatial resolution is also affected by 
properties of the stimulated tissue, including the 
orientation of neurons, the areas of local and 
 distant connectivity, as well as the pre-existing 
activation state of the network, though to what 
extent is unknown. 

 It is important to distinguish between the time 
that the neural effects persist from the time that 
the behavioral effects persist. As discussed above, 
invasive animal studies suggest that changes in 
neural activity induced by single, paired or repet-
itive TMS may persist for greater than 500 ms, 
however, the effect on behavior in humans is 
considerably shorter than this. For example, by 
using single and paired pulse TMS it is possible 
to show disruption in a task (for example, 
increased RTs) during a particular time window 
much smaller than half a second. For example, a 
single pulse TMS signifi cantly impairs semantic 
processing when it is delivered at 250 ms post-
stimulus onset, but not 200 ms or before nor 
300 ms and onwards [ 35 ]. Paired pulse TMS to 
the frontal eye fi elds impairs stimulus discrim-
inability when the pair of pulses occurs at 40 and 
80 ms, but not at 0 and 40 or 80 and 120 ms 
onwards [ 36 ]. These studies suggest that the 
effective temporal resolution of TMS is approxi-
mately 40–50 ms, though this is likely to be 
dependent on the stimulation parameters and 
properties of the stimulated tissue.  
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17.4     Effects of Sham-rTMS 
and Stimulation Parameters 

 An important issue in the rTMS research regard-
ing the design of randomized, sham-controlled 
clinical trials is the use of appropriate control 
conditions that provide a reliable blinding of 
patients and investigators [ 37 ]. Within this con-
text, different control conditions can be used to 
try to ensure that changes in performance be 
ascribed to rTMS effects upon a specifi c  brain 
area  . One of the most common strategies is the 
use of sham stimulation (sham-rTMS) [ 38 ]. 
rTMS is indeed associated with a number of 
 sensory perceptions that can nonspecifi cally 
interfere with task performance. For instance, the 
discharging coil produces a click sound that may 
induce arousal, thereby modulating task perfor-
mance, irrespective of the experimental demands 
(i.e.,  via  intersensory facilitation) [ 39 ]. An alter-
native way that is routinely used in the cognitive 
rTMS literature is vertex stimulation because the 
auditory and somatosensory activations caused 
by vertex rTMS can be equivalent to those of real 
stimulation. Of course, the underlying assump-
tion is that vertex rTMS does not affect the cogni-
tive network active during task execution [ 40 ,  41 ]. 

 In general, sham-rTMS has been applied by 
tilting the coil away from the scalp [ 42 ], so that 
both sound and scalp contact are roughly similar 
to those experienced during active stimulation, 
whereas the magnetic fi eld does not reach  corti-
cal neurons   or  cutaneous receptors   or  superfi cial 
muscles  . Although sham coils produce an analo-
gous sound artifact, they do not induce the same 
scalp sensations or muscle twitches, so that they 
can rest tangential to the scalp surface, exactly 
as they are during active stimulation [ 43 ,  44 ]. 
Another important consideration that must be 
taking into account in order to determine the 
 specifi c effi cacy of rTMS in clinical trials and to 
create a credible placebo (i.e., sham-rTMS) con-
dition, is that patients in randomized trials should 
be naive to rTMS, in other words, rTMS studies 
should not have a crossover design. With respect 
to this issue, the ideal sham condition should not 
have a real stimulation effect, and it should not 

be recognized as sham by patients, particularly 
when considering that real stimulation conditions 
come along with rTMS specifi c side effects. 

 In line with that, Herwig et al. [ 45 ] investigat-
ing the antidepressant effects of rTMS, asked for 
patients to give their impression whether they 
received the sham or the real treatment, and if 
they would recommend the treatment to others. 
From 15 patients with real stimulation, 11 sug-
gested that they obtained true stimulation, and 
four to have obtained sham. From 14 sham stim-
ulated subjects, nine suggested that they obtained 
the real condition and fi ve to have been sham 
stimulated. There was no signifi cant difference 
between these and in addition, the majority of 
patients in both stimulation conditions would 
recommend rTMS to others. In both conditions, 
the majority of subjects believed they had 
received the real condition. This implies suitabil-
ity of the sham condition used since subjects 
appeared not to be able to accurately identify or 
differentiate this condition from sham. The 
results imply the feasibility of a valid sham con-
dition with a “real” coil. 

 However, there is evidence that some types of 
sham manipulations used in clinical trials actu-
ally do exert some effects on the brain [ 46 ,  47 ]. 
The tilting does reduce any discomfort from 
scalp stimulation associated with active rTMS 
and, thus, may have the potential to interfere to 
some degree with the adequacy of study blinding. 
Studies guard against this by recruiting only 
rTMS-naïve patients, so that subjects are not 
cued to discriminate between active and sham 
conditions based on scalp sensation. Even if a 
form of coil-tilt sham that does not exert measur-
able  brain effects   is used, studies rarely report 
data on the integrity of the blind on the part of the 
patients and raters. It is reasonable to assume that 
crossover trials with coil-tilt sham conditions are 
likely to be unblended because active and sham 
rTMS do not feel the same [ 48 ,  49 ]. Other option 
include the one used in a recent experiment con-
sisting of a sensor strip between the electromag-
net and the scalp, which can counter-stimulate 
during pulse delivery so as to reduce the scalp 
sensation perceived from active rTMS [ 50 ]. 
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 The matter of placebo effects is especially 
important in some conditions, such as studies 
investigating the effi cacy of treatments [ 38 ]. For 
such purposes alternative methods of brain stim-
ulation to provide suitable control conditions 
have been proposed. For instance, Rossi et al. 
[ 51 ] developed a new method of sham stimula-
tion, known as  real electromagnetic placebo  , in 
which a fake coil (made of wood) with the same 
shape as a real coil is attached to the real coil. 
This fake coil has two functions: to block the 
magnetic fi eld from the real coil, and to house a 
bipolar electrical stimulator in contact with the 
scalp. This device is more likely to be judged as 
real stimulation by naive rTMS subjects. The dif-
fi culty in blinding makes the comparison of 
rTMS with a gold standard treatment (e.g., psy-
chopharmacology) complex. In the case of  phar-
macologic agents  , it would be possible to use a 
“double-dummy” design in which some patients 
would receive sham rTMS plus active medica-
tion, whereas other patients would receive active 
rTMS and a placebo pill. An additional challenge 
in the design of clinical trials with rTMS pertains 
to the standardization of the dosage. Just as it is 
critical to control the dosage of medication 
administered during drug trials, it is likewise 
essential to control the amount of rTMS admi-
nistered and the location of the brain region 
 stimulated [ 52 ]. 

 Other important considerations to be taken 
into account are the parameters of stimulation, 
e.g., pulse width, number of stimulation sessions, 
frequency, intensity and site of stimulation [ 53 ]. 
A protocol composed of repeated sessions may 
be superior to a single session, due to its cumu-
lative effect related to amount of stimulation 
required to induce a sustained effect. Indeed, 
although some studies have shown a relatively 
long-lasting effect (i.e., of 2 weeks), this period is 
short if the goal is to induce a clinically meaning-
ful result. Maintenance treatments or other 
 patterns of stimulation that might induce longer-
lasting modulation of cortical excitability should 
be explored. One possibility is to increase the 
total number of sessions, as in a recent study of 
major depression, in which up to 30 sessions 
of rTMS were administered [ 54 ]. Novel patterns 

of stimulation, for example primed 1 Hz 
 stimulation [ 55 ] or theta burst stimulation [ 18 ], 
might offer advantages, as they seem to induce 
longer- lasting long-term-depression-like pheno-
mena. Careful consideration of cortical targets 
seems to be critical, and this might need to be 
individualized for each patient and underlying 
pathology. 

 In summary, a number of parameters need to 
be taken into account in order to optimize the clin-
ical effects of rTMS. Predictions with regard to 
the effi cacy of clinical effects of rTMS are ham-
pered due to the relative paucity of parametric 
studies performed on these variables. Moreover, 
individualizing stimulation parameters, taking 
into account the underlying pathophysiology and 
the stimulation settings by online physiological 
and neuroimaging measures, seems to be a crucial 
procedure to adopt [ 37 ,  38 ].  

17.5     Factors Infl uencing 
the Individual Response 
to rTMS 

 During the last years, genetic  divers  ity in human 
population has been a crucial topic in clinical 
research. It has been hypothesized that common 
genetic variants may contribute to genetic risk 
for some diseases and that they might infl uence 
the subject’s response to rTMS [ 56 ,  57 ]. One 
could speculate that a profound knowledge on 
genetic variants might help to predict whether 
participants will respond or not to magnetic stim-
ulation and in which direction the modulation 
will take place. 

 The  Brain Derived Neurotrophic Factor 
(BDNF)      gene has been associated to the individ-
ual response to rTMS. This gene has 13 exons 
and it encodes a precursor peptide (pro-BDNF) 
which in turn is cleaved to form the mature pro-
tein. A  single nucleotide polymorphism (SNP)   
located at nucleotide 196 (guanine (G)/adenosine 
(A)) has been identifi ed. The result is an amino 
acid substitution Valine (Val)-to-Methionine 
(Met) at codon 66, and it has been hypothesized 
that this SNP though located in the pro-BDNF 
alters intracellular processing and secretion of 
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BDNF [ 58 ]. In healthy subjects it has been 
 associated with mild memory impairments, 
reduction in  hippocampal and frontal cortical   
areas and some personality traits [ 58 ]. This 
Val66Met polymorphism could be also associ-
ated to  psychiatric disorders   such as depression 
and risk of schizophrenia, as well as to the patho-
genesis of some  neurodegenerative diseases  , i.e., 
Alzheimer’s disease, Parkinson’s disease and 
amyotrophic lateral sclerosis [ 58 ]. 

 The strong evidence, on the one hand, of a 
functional role for this BDNF common polymor-
phism, and on the other hand, the implication of 
this gene in LTP process yielded to analyze 
whether a BDNF genotype infl uences the res-
ponse to rTMS delivered over M1. Little is 
known regarding this topic. The fi rst investiga-
tion demonstrated that the facilitation following 
the performance of fi ne-motor tasks, refl ected as 
an increase in the amplitude of cMAPs, was more 
pronounced in Val/Val polymorphism carriers as 
compared to Val/Met or Met/Met carriers [ 57 ]. 
A second study explored the inhibitory effect of 
the cTBS protocol in healthy carriers of different 
 polymorphisms   of the BDNF gene. The fi ndings 
suggested that Val/Met or Met/Met (Non-Val/
Val) carriers have a reduced response to cTBS as 
compared to those subjects with Val66Val poly-
morphism [ 56 ]. 

 Beside genetic variations a second factor 
infl uences the individual response to rTMS: the 
physiological state of neurons at the time of stim-
ulation. Synaptic plasticity can be modulated by 
prior synaptic activity. The direction and the 
degree of modulation seem to depend on the pre-
vious state of the network. This kind of plasticity 
is called  metaplasticity   [ 59 ,  60 ]. For example, 
external stimulation that activates the resting net-
work could decrease the same network if it was 
not at rest at the moment of stimulation. In ani-
mal models, it has been related to the NMDA 
receptor activation, Caþ2 infl ux, CaM, CaMKII 
and to modifi cations of inhibition of GABA 
release [ 61 ]. 

 The phenomenon of metaplasticity has been 
demonstrated applying rTMS at cortical regions 
that have previously been modulated by means of 
cathodal or anodal transcranial direct current 

stimulation [ 62 ]. One-minute of muscular 
 contraction of the  abductor pollicis brevis (APB)   
during TBS over M1 suppressed the effect of the 
cTBS and iTBS effect on the cMAPS amplitude. 
When the contraction was hold immediately after 
TBS, it enhanced the facilitatory effect of iTBS 
and reversed the usual inhibitory effect of cTBS 
into facilitation. In a second study, the applica-
tion of 300 pulses of cTBS facilitated cMAPs 
amplitude, whereas the same train of stimulation 
preceded by voluntary contraction of 5 min or 
600 pulses of cTBS with the muscle at rest 
decreased it. The results suggest that 300 pulses 
of cTBS may have a similar mechanism than 
iTBS and may prime neuronal elements to 
undergo inhibition by the late cTBS with 600 
pulses. Similarly, the change in the TBS effects 
before or after a muscular contraction provides 
evidence for metaplasticity of corticospinal 
excitability in the human M1. These fi ndings 
must be considered when applying TBS in clini-
cal trials.  

17.6     Repetitive Transcranial 
Magnetic Stimulation 
and Panic Disorder 

 Anxiety is a normal adaptive response to stress 
that allows coping with adverse situations. 
However, when anxiety becomes excessive or 
disproportional in relation to the situation that 
evokes it or when there is not any special object 
directed at it, such as an irrational dread of rou-
tine stimuli, it becomes a disabling disorder and 
is considered to be pathological [ 63 ,  64 ]. The 
term “anxiety disorders” subsumes a wide vari-
ety of conditions of abnormal and pathological 
fear and anxiety, such as PD [ 65 ,  66 ]. The anxiety 
disorders comprise the most frequent psychiatric 
disorders and can range from relatively begin-
ning feelings of nervousness to extreme expres-
sions of terror and fear. 

 Based on the idea of an interhemispheric 
imbalance and/or defi cit in the limbic-cortico 
control, Ressler and Mayberg [ 67 ] proposed a 
model for human anxiety based on the theory 
so called “valence-hypothesis”, which has been 
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formerly proposed for [ 68 ]. According to this 
model, withdrawal-related emotions such as anx-
iety are located to the right hemisphere, whereas 
approach related  emotions   such as joy or happi-
ness are biased to the left hemisphere. In line 
with this hypothesis, Keller et al. [ 69 ] examined 
and found an increased right hemispheric activity 
in anxiety disorders, reinforcing an association 
between increased right hemispheric activity and 
anxiety. The fi rst evidence of this model was 
observed by the use of 1 Hz-rTMS on the right 
 prefrontal cortex (PFC)   has demonstrated effects 
in some studies involving healthy individuals [ 65 ]. 

 However, Pallanti and Bernardi also argued 
that rTMS over the left dorsolateral prefrontal 
cortex (DLPFC), especially above 5 Hz-rTMS, 
reduces the symptoms of anxiety in PTSD and 
panic disorders [ 66 ]. Therefore, to further eluci-
date the  putative anxiolytic action   of rTMS in 
anxiety patients future studies have to be 
conducted. 

 Other studies set out to investigate the hypoth-
esis of high-rTMS effi cacy in  anxiety disorders   
treatment [ 66 ]. Specifi cally, the cerebral hyper-
excitability and behavioral or cognitive acti-
vation observed in neuropsychiatric disorders 
support this hypothesis [ 70 ]. The studies demon-
strated that the activity of fronto-subcortical cir-
cuits can arguably be diminished by increasing 
the activity in the indirect pathway by stimulat-
ing the left DLPFC by high-rTMS [ 66 ,  71 ]. In 
this section, we will discuss the mechanisms and 
circuitries involved in panic disorders and the 
therapeutic effects of rTMS. 

 In the current literature, few studies have been 
conducted in PD. Sakkas et al. [ 72 ] described the 
improvement of panic symptoms comorbid to 
depression in a patient who presented symptoms 
of myocardial infarction using a protocol of 
20 Hz-rTMS administered to 110 % LM in the 
left PFC, fi ve double sessions per week during 3 
weeks (1600 pulses/day). In 2007, Montavani 
[ 73 ] described a study of six patients with PD and 
comorbid depression that after 2 weeks (fi ve ses-
sions per week) of application of 1 Hz-rTMS 
over the right DLPFC at 110 % LM (1200 pulses/
day) with an improvement of anxiety and 
decrease in symptoms of depression since the 

fi rst week, which were sustained for up to 
6 months. In 2009, Dresler et al. reported the case 
of a PD patient with comorbid depression who 
received one session of high-frequency rTMS 
over the left prefrontal cortex per day fi ve times 
per week during 3 weeks. Near-infrared spectros-
copy (NIRS) was used to measure the  brain activ-
ity   in response to an emotional Stroop task before 
and after the rTMS treatment. Authors found that 
high-frequency rTMS modulated panic-related 
prefrontal brain dysfunctions [ 74 ]. More recently, 
Machado and colleagues (2014) reported a PD 
patient with comorbid depression and resistant to 
 cognitive behavior therapy (CBT)   and pharmaco-
therapy. Patient was treated with a combined pro-
tocol of rTMS with a sequential stimulation of 
1 Hz-rTMS over right DLPFC and 10-Hz-rTMS 
over left DLPFC, three times per week during 
4 weeks, with 1 month follow-up. The authors 
found improvements in  mood and panic symp-
toms   that were sustained for 1 month [ 75 ]. 

 In 2007, Prasko et al. [ 76 ] conducted the fi rst 
randomized placebo-controlled clinical study 
comparing the effects of active rTMS and sham 
rTMS-like strategy of therapeutic potentiation in 
PD patients non responders to SSRIs. Antide-
pressants used were paroxetine 20 mg, citalo-
pram 20 mg, fl uoxetine 20 mg, sertraline 50 mg, 
and venlafaxine 75. A protocol of low- frequency 
stimulation (1 Hz) was administered for 30 min 
at 110 % MT on the right DLPFC, in a total of 
1800 pulses per section, i.e. fi ve sessions per 
week during 2 weeks. The same design was 
applied to control patients. Symptoms were 
assessed just after the fi rst session, after ten ses-
sions (second week) and after 4 weeks. The 
scales used were the Clinical Global Impression- 
Severity of Illness (CGI), the Panic Disorder 
Severity Scale (PDSS), the Hamilton Rating 
Scale for Anxiety (HAM-A) and the Beck 
Anxiety Inventory (BAI). Results showed that 
low-frequency rTMS (1 Hz) was not signifi cantly 
higher than those of sham-rTMS in improving 
symptoms of PD patients, the score was slightly 
better than placebo results. 

 After the study of Prasko et al. [ 76 ], important 
questions were raised: (1) Was the average dura-
tion of PD before treatment with rTMS was very 
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long (9 years)? (2) What would be the rTMS 
 effi cacy for PD patients with short duration of 
disease? (3) Are the area and frequency used in 
this treatment ideal for PD? (4) Could PD respond 
to low-frequency rTMS applied to contralateral 
regions, such as epilepsy and depression respond 
(indirect propagation)? 

 Despite the efforts of RCT studies later, it is 
still possible to answer the many questions that 
arose with the study of Prasko et al. [ 76 ]. In this 
sense, two recent studies tried to answer some 
questions [ 77 ,  78 ]. Mantovani et al. [ 77 ] con-
ducted a randomized double-blind study where 
1Hz-rTMS at 110 % MT (1800 stimuli/day) was 
applied to the right DLPFC during 4 weeks of 25 
PD patients. Authors found a signifi cant improve-
ment in PD symptoms with active compared to 
sham-rTMS. At the end of the protocol, response 
rate for PD was 50 % with active rTMS and 8 % 
with sham-rTMS. Non-responder patients could 
choose for more 4 weeks of treatment, and after 
this period of active rTMS, response rate was 
67 % for PD and 50 % for depressive symptoms, 
with clinical improvements maintained for 6 
months follow-up. One year later, Deppermann 
et al. [ 78 ] investigated the effects of iTBS above 
the DLPFC on cognition in 44 PD patients. 
Patients were divided into two groups, one 
receiving 15 sessions of real-iTBS sessions 
above the left DLPFC plus psychoeducation and 
the other receiving 15 sessions of sham-iTBS 
plus psychoeducation. Before fi rst and after last 
iTBS-treatment, cortical activity during a verbal 
fl uency task was assessed via functional near- 
infrared spectroscopy (fNIRS) and compared to 
healthy control individuals. At baseline, a hypo-
frontality (i.e., including DLPFC) was observed 
in PD patients signifi cantly different from activa-
tion of controls; however when real-iTBS was 
applied there was no increase in  prefrontal activ-
ity   in PD patients. Interestingly, after application 
of sham-iTBS, a signifi cant increase in the left 
inferior frontal gyrus (IFG) was found during the 
phonological task. 

 The limitation of these fi ndings are the lack of 
RCTs, the most of studies were case reports and 
open studies with a statistically small sample and 
without a standardized protocol that diffi cult 

making generalizations. The randomized double 
blind studies showed inconclusive fi ndings 
related to therapeutic effectiveness and thus 
opened more questions and avenues to be discov-
ered than possible conclusions. Among them, we 
can highlight the disease duration, the appropri-
ate area of stimulation, as well as the type of fre-
quency used. So many questions raise the need 
for better understanding the PD pathophysiology 
in order to reach therapeutic effectiveness.  

17.7     Safety and rTMS 

 Despite the safety of rTMS application, the 
assessment of clinical conditions and  side effects   
should get special attention. The use of hearing 
protection and hearing evaluation in patients with 
complaints of hearing loss or losses observed, as 
well as the electroencephalography record before, 
during and after rTMS, allow some precautions 
during the procedure. Among the adverse effects 
known, the seizure induction, it is quite rare 
standing in the range of 1.4 % in epileptic patients 
and less than 1 % in normal patients. Other poten-
tial adverse effects arising from a consensus con-
ference held in Siena in 2008 [ 32 ], are summarized 
in Table  17.1 .

   In addition to adverse effects, there are contra-
indications to rTMS, and the presence of metals 
implanted in the body (aneurysm clip), cochlear 
prosthesis, or any condition that may increase the 
risk of seizure development. Other relevant fac-
tor deals with the treatment protocols, not exceed-
ing the recommended limits with respect to 
frequency. Cancer, infections, metabolic  brain 
injuries   even without a history of seizures, alco-
holism, drug use and pregnancy are still other 
factors that should be considered. Considering 
the contraindications to rTMS, a security ques-
tionnaire composed of 15 questions was devel-
oped in a consensus conference [ 32 ]:

    1.    Do you have epilepsy or have you ever had a 
convulsion or a seizure?   

   2.    Have you ever had a fainting spell or syn-
cope? If yes, please describe in which 
occasion(s).   
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   3.    Have you ever had severe (i.e., followed by 
loss of consciousness) head trauma?   

   4.    Do you have any hearing problems or ring-
ing in your ears?   

   5.    Are you pregnant or is there any chance that 
you might be?   

   6.    Do you have metal in the brain/skull (except 
titanium)? (e.g., splinters, fragments, 
clips, etc.).   

   7.    Do you have cochlear implants?   
   8.    Do you have an implanted neurostimulator? 

(e.g., DBS, epidural/subdural, VNS).   
   9.    Do you have a cardiac pacemaker or  intra-

cardiac lines   or metal in your body?   
   10.    Do you have a medication infusion device?   
   11.    Are you taking any medications? (Please 

list).   
   12.    Did you ever have a surgical procedure to 

your spinal cord?   
   13.    Do you have spinal or ventricular 

derivations?   
   14.    Did you ever undergo rTMS in the past?   
   15.    Did you ever undergo MRI in the past?    

  Positive answers to one or more questions tak-
ing into account the numbers 1–13 do not repre-
sent absolute contraindications to rTMS, but the 
risk/benefi t ratio should be carefully balanced 
by the main researcher responsible for the 
treatment.  

17.8     Conclusion 

 So far, there is no conclusive evidence of the effi -
cacy of rTMS as a treatment for PD. While posi-
tive results were found in most of studies, various 
treatment parameters, such as location, fre-
quency, intensity and duration have been used 
unsystematically, making diffi cult the interpreta-
tion of results and providing little guidance about 
which treatment parameters (or that is, the stimu-
lus location and frequency) may be more useful 
for the PD treatment [ 1 ,  2 ,  37 ,  38 ]. A possible 
explanation with regard to the effi cacy of rTMS 
in the PD treatment is limited by the focal nature 
of stimulation, since only the superfi cial layers of 
the cerebral cortex can be directly affected. 

Effects on subcortical areas are idealized to occur 
indirectly through synaptic cross-connections 
[ 2 ,  37 ]. Therefore, further studies are needed to 
clearly determine the role of rTMS in PD 
treatment.     
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   Abstract  

  According to cognitive behavioral models 
(CBT), panic attacks (PA) arise from distorted 
and catastrophic interpretations of bodily 
symptoms. As exercising involves exposure to 
physiological stimuli similar to those experi-
enced during PAs, patients often experience 
anxiety and avoid exercising. Exercise avoid-
ance and low levels of everyday physical 
activity turn out to promote a sedentary life-
style as an indirect effect of Panic Disorder 
(PD), with deleterious health impacts. 
Interoceptive exposure techniques – the vol-
untary exposure of the patient to autonomic 
manifestations – have a therapeutic effect in 
the treatment of panic by promoting habitua-
tion to physiological cues contributing to 
break the hypervigilance- anxiety- panic-
avoidance cycle. Preliminary results indicat-
ing a potential positive role of aerobic exercise 
interventions designed to promote interocep-
tive habituation in the treatment of PD have 
been reported. The inclusion of an exercise 
protocol in the context of CBT interventions, 
may enhance motivation to participate and 
endure the discomfort and anxiety provoked 
by exercise using exposure therapy rationale. 
This chapter reviews and discusses the main 
results available in the literature of including 
exercise in the treatment of PD, as well as pro-
vides an unique cognitive behavioral perspec-
tive to the understanding of the relationship 
between panic disorder and exercise. We also 
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provide specifi c recommendations for exer-
cise testing, adherence promotion and particu-
lar issues that need to be addresses to 
successfully include PD patients in exercise 
protocols, based on authors experience.  

  Keywords  

  Panic disorder   •   Anxiety   •   Cognitive behav-
ioral therapy   •   Cognitive therapy   •   Exercise   • 
  Physical activity   •   Anxiety sensitivity  

18.1       Cognitive Behavioral 
Approach to Panic Disorder 

 Panic disorder (PD) patients present anxiety 
regarding the occurrence of benign body symp-
toms and autonomic arousal, so that situations 
that could elicit the feared somatic manifesta-
tions are commonly avoided. These patients also 
present signifi cant global functioning defi cits and 
psychological problems, a greater incidence of 
 psychiatric disorders  , suicidal ideation, psycho-
logical stress, activity restrictions and chronic 
physical diseases, and poorer indices of physical 
and mental health [ 1 ]. 

 According to cognitive behavioral models, 
panic attacks (PA) arise from distorted and cata-
strophic interpretations of bodily symptoms. 
Such interpretations increase arousal and inten-
sify bodily sensations, generating more cata-
strophic interpretations and anxiety in a rapid 
spiral that leads to panic. Repetition of attacks 
make individuals increasingly more sensitive to 
internal stimuli and to the situations in which 
they occur, as well as to heighten surveillance of 
any physical sensation. Combined with that is 
anticipatory  anxiety   and catastrophic interpreta-
tions of symptoms. The fear-conditioned behav-
ior leads the individual to avoid somatic 
symptoms or places associated with previous 
attacks [ 2 ]. 

 Cognitive behavioral therapy (CBT) is consid-
ered, along with pharmacological treatment with 
some antidepressants, the gold-standard treat-
ment for PD [ 3 ]. The main goals of CBT are cor-
recting catastrophic interpretations, providing 

anxiety coping strategies and extinguishing con-
ditioned fears of body sensations, through intero-
ceptive exposure techniques, and avoidances [ 2 ]. 
The rationale for this intervention is that patients 
can learn how to manage anxiety states and 
symptoms, as well as reinterpret the environmen-
tal and interoceptive cues that trigger a PA in a 
more adaptive fashion, in order not to fear 
somatic arousal. In this sense, the cognitive 
behavioral approach is the one that provides the 
best rationale for the proposal of introducing 
 exercise   in the treatment of PD. Exercise can be 
used, in the context of CBT, as a trigger for 
somatic arousal to which the patient would be 
exposed in order to promote habituation. 

 One of the main clinical strategies in the cog-
nitive behavioral treatment of PD is interoceptive 
exposure. Interoceptive exposure techniques – 
the voluntary exposure of the patient to auto-
nomic manifestations – have a therapeutic effect 
in the treatment of PD by promoting habituation 
to physiological cues and consequent anxiety 
reduction, contributing therefore to break the 
hypervigilance-anxiety-panic-avoidance cycle 
[ 4 ]. This technique consists in having patients 
repeatedly induce and experience their feared 
 physical sensations   (e.g., shortness of breath, 
heart palpitations, dizziness) as a mean of reduc-
ing their fear of those sensations through habitu-
ation and cognitive restructuring [ 5 ]. The 
exercises should be associated to symptoms that 
cause discomfort or fear in each individual. 
Although literature shows that interoceptive 
exposure techniques were successfully in pro-
ducing fear habituation [ 6 ,  7 ], there is still a dis-
cussion regarding its effi cacy as a treatment alone 
or in the context of CBT. The overall idea, how-
ever, is that it should be included in the treatment 
package paired with cognitive restructuring. 

 More recently, aerobic exercise training has 
been associated with improvement of symptoms 
in PD patients and acute antipanic effect in 
patients [ 8 – 10 ] and control subjects [ 11 ]. The 
data on the use of exercise in patients with PD 
allow us to consider that the sensitivity to the 
symptoms of anxiety could be treated within the 
context of CBT, using the supervised practice of 
physical exercises as a desensitization tool for 
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interoceptive exposure. Despite the scarce inves-
tigation on this fi eld until recently, it is now start-
ing to be considered as a useful tool in the 
treatment of anxiety and PD [ 12 ].  

18.2     The Role of Anxiety 
in Promoting Sedentary 
Behavior 

  Anxiety sensitivity (AS)  , or the belief that 
anxiety- related sensations can be threatening or 
induce negative consequences, plays an impor-
tant role in the etiology and maintenance of PD 
[ 13 ]. The single presence of AS, regardless meet-
ing full criteria for PD, often predicts panic 
symptoms in response to biological challenges 
that provoke feared bodily sensations, consisting 
of a risk factor for  panic attacks (PA)   and perhaps 
PD [ 14 ]. It has been hypothesized, additionally, 
that high AS might be the missing piece to 
explain agoraphobic avoidance in the absence of 
PA [ 15 ]. Individuals with PD or those sensitive to 
anxiety – who fear somatic arousal – would be 
more sensitive to interoceptive stimuli, leading 
autonomic alterations, whether natural or pro-
voked, to transform into factors that trigger anxi-
ety and PAs [ 16 ]. See Fig.  18.1 .

   As aerobic exercise involves exposure to 
physiological stimuli similar to those experi-
enced during anxiety reactions, PD patients often 
experience anxiety and avoid exercising. In this 
sense, it is possible that the autonomic alterations 
triggered by physical exercise become the factor 
responsible for the phobic avoidance of this 
activity [ 16 ,  17 ]. See Fig.  18.2 .

   In a study designed to evaluate the acceptance 
of an exercise program in patients with  anxiety 
disorders  , only 45 % of participants presented the 
recommended levels of physical activity for 
health at baseline [ 18 ]. Consistent with that, in a 
cardiovascular fi tness assessment, PD patients 
exhibited lower maximum oxygen uptake (VO 2  
max) and decreased exercise tolerance when 
compared to healthy subjects [ 19 ]. These fi nd-
ings are consistent in literature and confi rmed by 
direct interviews indicating low  physical activity   
habits [ 20 ]. 

 A common characteristic in PD patients is the 
presence of health-related anxiety. This specifi c 
type of anxiety that leads to increased worrying 
about one’s health and the belief that normal 
bodily symptoms are threatening, harmful and 
medically serious, despite evidence of the con-
trary. More specifi cally related to avoidance of 
aerobic exercises might be a particular subtype of 
health-related anxiety called cardiac anxiety, 
which is a condition characterized by abrupt and 
recurrent sensations of thoracic pain, without a 
physical disease to explain it, that are associated 
with signifi cant concern over its potential conse-
quences. This symptom is also associated with 
safety behaviors, such as verifi cation of the heart 
rate, hypervigilance of symptoms and repeated 
medical consultations [ 21 ]. 

 The cognitive behavioral model proposed by 
Zvolensky et al. to explain cardiac anxiety high-
lights the role of selective attention focused on 
cardiovascular symptoms and of interoceptive 
conditioning in the origin of PA with limited 
symptoms (only cardio-respiratory symptoms 
and acute thoracic pain) [ 22 ]. The presence of 
such characteristics could predispose susceptible 
individuals to the development of the syndrome. 

 There is considerable evidence implicating 
heartbeat perception accuracy and AS in the 
development of panic in adults and children, as 
increased panic/somatic symptoms are associ-
ated with an enhanced ability to perceive internal 
physiological cues and fear of such sensations 
[ 23 ,  24 ]. Ehlers et al. found that patients who 
seek medical help for benign palpitations can be 
distinguished from those with clinically signifi -
cant arrhythmias [ 25 ]. Patients with arrhythmias 
rarely reported palpitations and were more likely 
to perceive their heartbeats accurately than con-
trol subjects with sinus rhythm . Individuals with 
awareness of sinus rhythm could be distinguished 
from those with arrhythmia by several variables: 
female sex, higher prevalence of PD, higher heart 
rate, lower levels of physical activity, fear of 
bodily sensations and depression. In fact, there is 
evidence of differential effects of anxiety sensi-
tivity and heart-focused anxiety as a function of 
gender, with higher prevalence of heart-focused 
anxiety in women. Cardiac anxiety could be, 
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therefore, a potentially distinct subtype of panic 
disorder, with specifi c characteristics and  treat-
ment   strategies comparable with those that occur 
with respiratory subtype, although this hypothe-
sis still needs to be verifi ed [ 12 ]. 

 A third component of cardiac anxiety is avoid-
ant behavior related to situations that could 
potentially trigger anxiety. It is probable that car-
diac anxiety is related to the AS observed in these 

patients and that it plays a special role in  exercise   
avoidance. It may be possible, for example, that 
some individuals believe that exercise is harmful 
and avoid it, because it produces some short-term 
discomfort and cardiac sensations. In the Cardiac 
Anxiety Questionnaire, physical activities appear 
as avoided situations in both formal exercise ses-
sions and everyday activities that involve physi-
cal effort. The instrument items such as “I avoid 
physical exertion”, “I avoid exercise or other 
physical work”, “I avoid activities that make my 
heart beat faster” and “I avoid activities that make 
me sweat” are clear examples of how cardiac 
anxiety can promote sedentary behavior in PD 
patients [ 26 ]. 

 The rationale of the positive impact of  physi-
cal activity   on anxiety sensitivity relies on the 
assumption that exercising could be seen as an 
indirect desensitization process, since autonomic 
alterations triggered by exercising are similar to 
anxiety symptoms, but elicited in a safe context 
[ 23 ,  30 ], using the same underlying assumption 
of interoceptive exposure in CBT.  

18.3     Sedentary Behavior 
in the  Panic Cycle 
Maintenance   

 It is possible that reduced aerobic fi tness might 
even contribute to the pathophysiology of PD [ 8 ]. 
Once sedentary individuals tend to present 
increased sympathetic response to physical effort 

   Fig. 18.1 Anxiety sensitivity 
cycle       

   Fig. 18.2 Exercise as a trigger for panic attacks       

 

 

A. Sardinha and C.G.S. Araújo

mp2285@cumc.columbia.edu



275

during daily activities [ 27 ], everyday situations 
might trigger more anxiety responses and conse-
quent avoidance. Smits and Zvolensky [ 28 ] found 
that current physical inactivity was signifi cantly 
associated with greater levels of AS and severity 
of PD in a clinical sample. Ehlers et al. [ 25 ] 
reported that patients that seek medical help for 
benign palpitations could be distinguished from 
those with clinically relevant arrhythmias, among 
other variables, by presenting lower levels of 
physical activity and higher levels of AS. In addi-
tion, a case-control study performed with seden-
tary and exercising cardiac patients found that 
individuals regularly attending to a supervised 
exercise program presented signifi cantly less PD 
and cardiac anxiety [ 29 ].  

18.4     Panic Disorder and Physical 
Health 

 Once we understand how human psychophysiol-
ogy functions as an integrated system, both the 
physiological and the psychological variables 
involved could be manipulated to improve the 
organism’s homeostasis. As science evolves and 
more complex mechanisms linking psychologi-
cal and physiological functioning are disclosed, it 
becomes mandatory to address health in a holis-
tic manner. 

 Anxiety has recently received special atten-
tion as a potential risk and aggravation factor for 
 cardiovascular diseases  , notably in terms of the 
interface between the autonomic changes caused 
by chronic anxiety and PAs, and the autonomic 
mechanisms of cardiac regulation [ 12 ,  30 ]. 
Anxiety triggers activation of the  human stress 
system   through behavioral and physiological 
changes that improve the ability of the organism 
to adjust homeostasis and increase its chances 
for survival. These processes appear to adversely 
affect autonomic and hormonal regulation, 
resulting in metabolic abnormalities, infl amma-
tion, insulin resistance, and endothelial dys-
function [ 31 ]. 

 The association of anxiety, particularly PD, 
with coronary artery disease may even increase 
cardiac mortality in this population [ 32 ]. 

Moreover, patients who present an association 
between panic and physical diseases experience 
more defi cits in a wide range of modalities than 
those who suffer from only one of these condi-
tions [ 33 ]. 

 In the long run,  exercise   avoidance and low 
levels of everyday physical activity turn out to 
promote a sedentary lifestyle as an indirect effect 
of PD [ 34 ]. Paradoxically, elevated health-related 
anxiety, AS and PD seem to contribute to an 
unhealthy lifestyle instead of motivating the 
patient towards more healthy habits, such as 
exercising. As indicated by Meyer et al. [ 35 ], low 
fi tness observed in PD patients seem to be a 
byproduct of physical activity avoidance, and can 
be directly impacted by interventions aiming to 
achieve non-clinical control levels. As reduced 
fi tness capacity is directly associated with a 
higher all-cause mortality [ 36 ] and increased car-
diovascular risk [ 37 ] in healthy subjects, the 
inclusion of an exercise protocol in the treatment 
of PD can, per se, be useful as a cardio protective 
strategy for those patients. 

 Moreover, cohort studies found that PD is a 
signifi cant independent risk for new onset coro-
nary heart disease, acute myocardial infarction, 
and cardiac mortality [ 12 ,  38 ,  39 ]. One of hypoth-
esis is that a sedentary lifestyle and it’s metabolic 
consequences might mediate this association [ 12 , 
 40 ]. On the other hand, a recent study showed 
that, despite presenting a higher risk than normal 
subjects, PD patients without cardiovascular 
artery disorder, when submitted to CO 2  chal-
lenges, presented a low risk of cardiovascular 
ischemia [ 41 ]. 

 Additionally, patients with  anxiety disorders   
normally present more cortisol in the urine than 
individuals without  psychiatric disorders  , while 
there seems to be no difference in the excretion of 
catecholamines and serotonin [ 42 ]. There is con-
siderable evidence from clinical, cellular and 
molecular studies that elevated cortisol, particu-
larly when combined with secondary inhibition 
of sex steroids and growth hormone secretions, 
causes accumulation of fat in visceral adipose tis-
sues as well as metabolic abnormalities [ 43 ]. 

 Glucocorticoid exposure is also followed by 
stress-induced overeating behavior with increased 
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food intake and leptin-resistant obesity, perhaps 
disrupting the balance between leptin and neuro-
peptide Y [ 43 ]. Consistent with that, a study 
using a rodent model of social stress found that 
the consumption of a high-fat diet during social 
stress enhances the effect of  chronic stress   on 
body composition, adding to the body of knowl-
edge about the mechanisms responsible for the 
development of obesity, diabetes and, ultimately, 
metabolic syndrome [ 44 ]. The most accepted 
underlying mechanism relies on the hypothesis 
that increased activation of the HPA axis could be 
pathophysiologically involved in the concomitant 
occurrence of the typical metabolic syndrome 
risk factors and stress. 

 Metabolic syndrome is a construct that defi nes 
a closely related cluster of factors that increase 
the risk of coronary artery disease and diabetes 
mellitus type 2. Although increasing amounts of 
research efforts have been allocated lately in the 
attempt to propose a universally accepted patho-
genic mechanism and clearly defi ne the diagnos-
tic criteria, there is still a lot of debate concerning 
these issues [ 45 ]. The currently most widely 
accepted defi nition was proposed by Alberti 
et al., in the Joint Interim Statement. This docu-
ment proposes the presence of three of the fol-
lowing criteria: (1) elevated waist 
circumference – according to population and 
country-specifi c defi nitions; (2) triglycerides 150 
mg/dl or greater; (3) HDL-cholesterol lower than 
40 mg/dl in men and 50 mg/dl in women; (4) 
blood pressure of 130/85 mmHg or greater and 
(5) fasting glucose 100 mg/dl or greater. This 
defi nition highlights that there should be no 
obligatory component but rather all individual 
components should be considered on cardiovas-
cular risk prediction [ 31 ]. 

 In a previous review, Sardinha et al. [ 40 ] found 
evidence for the hypothesis of an indirect rela-
tionship between anxiety and metabolic syn-
drome as a byproduct of a sedentary lifestyle. 
Combined with the already established weight 
gain side-effect of psychotropic medication used 
to treat anxiety disorders, particularly antidepres-
sants, sedentary behavior might also play a role 
in raising the risk of  obesity   and its consequences 
among anxious patients [ 46 ]. Furthermore, a 

higher prevalence of sedentary habits, obesity 
and metabolic syndrome associated with anxiety 
disorders might be possible underlying mecha-
nisms that contribute to increasing cardiovascular 
risk in this population [ 12 ,  34 ,  40 ]. See Fig.  18.3 .

   Once both metabolic and psychological disor-
ders play a role in cardiovascular outcomes, these 
issues should be considered when addressing car-
diac health and designing treatment and preven-
tion interventions. In this sense, mental health 
professionals should also take responsibility for 
addressing detectable signs of metabolic disor-
ders, such as visceral obesity, and unhealthy 
behaviors, such as tabagism, sedentarism and 
high-fat diet. In this sense, it is possible that exer-
cise plays a double role in the treatment of PD: 
psychological symptoms and cardiovascular risk 
reduction.  

18.5     Exercise Testing in PD 
Patients 

 Exercise testing has been considerably underuti-
lized in the clinical assessment of PD patients, 
mainly due to misconceptions or false beliefs that 
these patients will not be able to tolerate or col-
laborate with the procedure [ 47 ]. In this context, 
it is not surprising to note that there is scarce lit-
erature regarding this topic. There is no doubt 
that assessing aerobic  fi tness   is often a diffi cult 
and challenging task in PD patients [ 12 ,  47 ]. 
Nevertheless, recent clinical experience and lim-
ited research evidence suggest that if some char-
acteristics of the PD are taken in account, it is 
possible in about 2/3 of the PD patients to achieve 
a truly maximal exercise effort. Even in those 
patients not willing or amenable to do so, rele-
vant clinical information can be obtained by 
assessing submaximal exercise responses [ 47 ]. 

 In general, PD patients tend to be sedentary, 
having rarely participated in  competitive sports   
or regularly exercising very vigorously through 
lifetime [ 48 ,  49 ] and are poorly motivated to per-
form a true maximal exercise test [ 47 ]. Moreover, 
often PD patients fear and present lower toler-
ance to exercise-induced distress and tend to 
associate movement, exercise or sports to 
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unpleasant situations and even with potentially 
more relevant clinical symptoms of dyspnea, pal-
pitations or chest pain/discomfort [ 50 ,  51 ]. While 
by asking the correct questions regarding exer-
cise habits during clinical interview is possible to 
estimate that aerobic fi tness is below the age- 
predicted level, frequently there is a need for 
obtaining more precise measurements of exercise 
 cardiopulmonary performance  . This is particu-
larly relevant for those PD patients that refer 
exercise intolerance or other exercise-related 
clinical abnormalities, situations in which an 
indication for exercise testing seems to be surely 
warranted [ 47 ]. 

 Analyzing in a broader context, there are sev-
eral epidemiological studies that have shown that 
exercise capacity and/or aerobic fi tness are 
strongly related to all-cause mortality in both 
healthy and unhealthy adults [ 52 – 54 ]. More 
interestingly, recent data indicated that among 
adults with no known cardiac diseases and 
already classifi ed as having low  cardiorespiratory 
fi tness   there is a clear and signifi cant trend for a 
poorer prognosis and higher mortality among 
those in the lower extreme of the distribution 
[ 55 ]. Moreover, it is worthwhile to comment that 
low exercise capacity and  aerobic fi tness   are 

potentially treatable by regular physical exercise 
and that there are some evidences showing that, if 
adequate psychological advice and support is 
provided, PD patients can safely engage and ben-
efi t of supervised exercise program [ 56 ], includ-
ing interval training strategies and resistance 
exercises [ 57 ]. So that, even for PD patients with 
no abnormal cardiorespiratory complaints at rest 
or exercise, it is reasonable to suggest that, at 
least, exercise testing data would be useful to 
more precisely quantity aerobic fi tness and to 
provide relevant information for exercise pre-
scription [ 47 ,  57 ]. 

 In order to carry out a good quality exercise 
testing in PD patients, several issues should be 
adequately addressed. First, there is a clear need 
to establish a good and trustful relationship 
between the supervising health professional and 
the patient before the testing. Face-to-face con-
versations in which the objectives of testing are 
clearly discussed and the protocol is fully 
explained are very important steps for a success-
ful outcome. Appropriate information about the 
testing and the expected body reactions should be 
provided aiming to lower anticipatory anxiety. 
Also, the presence of a physician and reassurance 
about the safety of the test and the symptoms 

   Fig. 18.3 Psychological variables associated with metabolic syndrome       
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experienced may be considered as key elements 
for anxiety reduction. While verbal encourage-
ment and a supportive but rather assertive posture 
are fundamental, the patient should always be 
reassured about his/her integrity and that all care 
is being taken to prevent any relevant clinical 
complication during testing [ 47 ]. 

 In our experience, a verbal distinction between 
anxiety levels and effort-related discomfort levels 
helped patients differentiate these two variables 
that are commonly confounded during testing. 
This could prevent an early interruption of the 
test due to increasing anxiety levels associated to 
the perception of physiological effort. In this 
sense, a psychoeducational approach before test-
ing could be useful as well as the use of an ana-
logue perceptual scale for assessing both 
variables at the same time. 

 There are several ways and possibilities to 
perform a maximal exercise testing. Considering 
the characteristics of this clinical entity, in our 
experience after testing over 100 patients with 
PD, a ramp protocol – small progressive and con-
stant increments of exercise intensity at very 
short time intervals – carefully chosen in order to 
achieve exhaustion in about 8–12 min is very 
convenient. In terms of equipment choice, we 
strongly favor use cycling in a stationary cycle 
ergometer rather walking/running in a treadmill. 
The main reason for this cycling preference is 
due to the fact that is possible to explain to the 
patient that in any case or undue discomfort, he/
she will be easily able to stop the test by simply 
ceasing to pedal with no risk of fall or other kind 
of injury. Stopping the exercise would not be so 
easy or practical to in a treadmill. Additionally, it 
is not only possible by using cycling protocols to 
start at a very low intensity level and to slowly 
progress towards the maximum but to obtain also 
a higher quality in electrocardiogram recordings 
and in blood pressure measurements, further 
reassuring the physician about the signifi cance of 
the results. 

 Since it is common for PD patients to com-
plain of respiratory symptoms [ 50 ], we consider 
that the combination of expired gas analysis is 
useful for a more comprehensive evaluation of 
 cardiorespiratory responses   during exercise. 

While very convenient and relevant for a clinical 
point of view and in terms of pathophysiology of 
cardiac and lung diseases, the so called cardio-
pulmonary exercise testing (CPX) also brings a 
further complication for the PD patients, since it 
requires the use of an extra device for collecting 
expired gas. There are two approaches for this 
question: facial masks covering mouth and nose 
or mouthpieces with noseclip. In our experience, 
when carefully explained and after allowing 
some trial time, the large majority of the PD 
patients will tolerate well the combination of 
mouthpiece and noseclip, allowing to perform an 
adequate resting lung spirometry and to collect 
expired gas during exercise. 

 Among the several cardiac and respiratory 
variables that can be obtained during a CPX [ 58 –
 61 ], considering PD patients, there are some that 
deserve special comments, as briefl y described 
below:

•     Heart rate  : measured at rest, during submaxi-
mal and maximal effort and along the fi rst 
minutes of post-exercise period. Evaluates the 
normalcy of cardiac chronotropic response, 
provides information about autonomic integ-
rity – sympathetic and parasympathetic 
branches – and offer useful information for 
exercise prescription by establishing target 
zones.  

•    Blood pressure  : recorded before, during (ide-
ally at 1-min intervals) and along the fi rst 
5-min after exercise. Evaluates normalcy of 
some components of hemodynamic response 
at rest and during exercise and provides objec-
tive clues regarding abnormal fi ndings or 
symptoms such as dizziness and vertigo.  

•    Electrocardiogram  : recorded at rest and dur-
ing/immediately after the end of exercise. 
Provides relevant information regarding the 
presence or absence of cardiac arrhythmias, 
offering chance to relate these fi ndings to 
reported symptoms of chest discomfort, palpi-
tations, dizziness or pre-syncopal episodes.  

•   Expired ventilation (VE):    represents the 
amount of air that enters and leaves the lungs 
at each minute and it is measured in L/min. 
This value is substantially increased during 
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exercise and tends to disproportionally 
increase once the anaerobic threshold exercise 
intensity is reached. Maximal possible venti-
lation can be predicted from results obtained 
during resting spirometry allowing interpret-
ing if exercise performance is hindered by an 
abnormal ventilatory reserve.  

•    Aerobic fi tness   (VO 2  max): this is refl ected by 
the maximal oxygen uptake obtained in a 
given minute of the exercise testing, almost 
always achieved at last minute of exercise 
testing. Represents the main criteria of cardio-
respiratory fi tness and is strongly and directly 
related to health and long-term survival in 
adults [ 62 ,  63 ].  

•   Anaerobic threshold (% of VO 2  max): corre-
sponds to the maximal exercise intensity, 
more often expressed as percent of VO 2  max 
or a given exercise intensity, that can be toler-
ated before signifi cant metabolic acidosis (as 
refl ected by blood lactate levels and an expo-
nential increase in pulmonary ventilation as 
related to exercise intensity) ensues. 
Approximately represents the maximal toler-
able intensity of exercise that can be sustained 
during several minutes before inducing voli-
tional fatigue [ 63 ].  

•    Cardiorespiratory optimal point (COP)  : rep-
resents the minimal value of VE/VO 2  
obtained in a given minute of an incremental 
and graded maximal exercise testing and 
refl ects the best interaction between respira-
tion and circulation. Normal COP values 
indicate that gas exchange and alveolar dead 
space are also normal during submaximal 
exercise [ 47 ,  64 ,  65 ].    

 A careful understanding of the cognitive pro-
cessing of PD patients by the health professionals 
supervising CPX is advisable in order to adjust 
the testing to the specifi c needs of these patients. 
This should not mean that all PD patients would 
react to the testing in the same way, but rather 
that a cognitive-behavioral comprehension of the 
patient could help the health professional pose 
the right questions. Depending on each patient’s 
specifi c beliefs, small adaptations or changes 
could be introduced in order to minimize the 

interference of anxiety in mimicking test results. 
For example, verbal or equipment (e.g. making 
heart rate and other physiological measurements 
visible to the patient) feedback can be anxiety- 
relieving or anxiety-provoking depending on 
how the patient will handle or interpret these 
stimuli. Also, equipment noises and signals and 
the presence of CPR equipment might be inter-
preted as safe or dangerous stimuli. In this sense, 
simply asking whether the patient prefer to 
receive feedback as well as provide explanation 
about the expected use of any equipment could 
be of great help and easily feasible. 

 In summary, starting with appropriate expla-
nation and working to minimize the anticipatory 
anxiety of the PD patient, exercise testing, prefer-
ably including collection and analysis of expired 
gases (CPX), is well-tolerated and able to pro-
vide several clinical relevant results. It also helps 
to establish an etiology for the cardiorespiratory 
symptoms and to allow the quantifi cation of the 
aerobic fi tness (VO 2  max), anaerobic threshold 
and COP, variables that can not only contribute to 
the understanding of the etiology of effort intol-
erance but also collaborate to develop a more 
individually-tailored exercise prescription and to 
estimate survival.  

18.6     Exercise as a Therapeutic 
Tool in the Treatment 
of Anxiety and PD 

  Physical activity   is known to positively impact 
the prognoses of numerous  chronic diseases  , 
particularly cardiovascular problems [ 66 ]. The 
prescription of exercise is particularly useful for 
preventing premature death from all causes, 
ischemic heart disease, stroke, hypertension, 
colon and breast cancer, type 2 diabetes, meta-
bolic syndrome, obesity, osteoporosis, sarcope-
nia, functional dependence and falls in the 
elderly, cognitive impairment, anxiety and 
depression. This benefi t is observed in both 
sexes and increases with the volume or intensity 
of exercise [ 67 ]. Regular exercising also seems 
to play an important role in mental health main-
tenance [ 68 ]. As we have proposed elsewhere, it 
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is plausible that regular exercise could be a use-
ful and simple strategy to address  psychological 
disorders   and metabolic alterations simultane-
ously in both high-risk patients and the general 
population [ 12 ]. 

 Abounding evidence demonstrate the role of 
exercise in lowering the prevalence of anxiety, 
raising the question whether exercise may be used 
in the prevention of psychiatric disorders [ 68 ], and 
particularly in the treatment of PD [ 69 ]. It is plau-
sible that the exercise intervention might be more 
effective in achieving even more symptom 
improvement if it was conducted as a systematic 
interoceptive exposure tool in the context of CBT, 
tailored to involve all of the patients’ feared cues 
systematically rather than just incidental to the 
exercise schedule. In this sense, if the experience 
of exercise were accompanied by cognitive 
restructuring, it could be as effective as regular 
interoceptive exposure therapy but with other 
potential benefi ts, specially cardiac risk reduction 
[ 70 ]. Therefore, it would be possible to reduce 
both sensitivity to anxiety and cardiac anxiety to 
favor lifestyle changes, reducing behavioral risk 
factors and facilitating the adhesion to cardiac 
rehabilitation programs [ 71 ]. See Fig.  18.4 .

   Preliminary results indicating a potential posi-
tive role of aerobic exercise interventions 
designed to promote interoceptive habituation in 
the treatment of PD have been reported. Although 
the evidence for positive effects of exercise on 
anxiety is growing, its clinical use as an adjunct 
tool to established treatment approaches like 
CBT or pharmacotherapy, is still insipient [ 68 ]. 

 A systematic review of exercise in the treat-
ment of anxiety disorders hypothesized that the 
induction of bodily sensations mimic those 
homeostatic changes associated with anxiety, and 

thus may alleviate  anxiety sensitivity   [ 72 ]. A 
study by Faulkner and colleagues [ 73 ] suggested 
that task-unfamiliarity with those aerobic and 
resistance exercises that are recommended in 
heart failure patients was associated with higher 
anticipatory anxiety levels. Such anticipatory 
anxiety is important to identify and remedy con-
sidering that exercise avoidance is common in 
panic disorder generally and not restricted to the 
respiratory subtype [ 68 ]. As previously proposed 
while exercise avoidance seem to limit adherence 
to treatment, increase sedentary habits and 
worsen cardiovascular prognosis in CHD 
patients, cognitive behavioral techniques could 
enhance physical exercise participation as an 
interoceptive exposure intervention, contribut-
ing, therefore, to reduce panic symptoms along 
with increasing patients fi tness and reducing car-
diovascular risk [ 12 ]. 

 Although exercise has been tested with posi-
tive results in the treatment of PD patients [ 72 ], 
the sole presence of anxiety sensitivity, cardiac 
anxiety or panic disorder negatively impacts 
adherence to this intervention [ 67 ,  68 ]. In our 
experience, the use of an exercise protocol in the 
context of CBT interventions, may enhance moti-
vation to participate and endure the discomfort 
and anxiety provoked by exercise using the same 
rationale of an exposure procedure. We have 
been testing both continuous aerobic exercise 
protocols and interval training with promising 
results in reducing exercise avoidance, cardiac 
anxiety levels and panic disorder symptoms 
intensity, as well as improving fi tness. For further 
details of continuous and interval aerobic exer-
cise protocols, please see [ 56 ,  57 ]. 

 An acute immediate anti panic effect of aero-
bic exercise had been demonstrated in laboratory 
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   Fig. 18.4 Exercise and cognitive behavioral therapy in the treatment of panic disorder       
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panic induction protocols using cholecystokinin 
tetrapeptide (CCK-4) [ 11 ] and carbon dioxide 
(CO 2 ) inhalation [ 74 ]. This effect has been dem-
onstrated both in healthy individuals [ 75 ] and PD 
patients [ 76 ], with some evidence for a dose- 
response relationship favoring moderate to 
intense exercise in the reduction of  panic symp-
toms  . Strohle et al. [ 77 ] advocate that this effect 
is probably due to the observed brain derived 
neurotrophic factor (BDNF) serum concentration 
increase yield in PD patients, approaching 
healthy controls reported levels, after a 30-min 
exercise session. Another study by the same 
group also found that the anxiolytic activity of 
exercise was correlated with the increase in 
plasma atrial natriuretic peptide (ANP) concen-
trations [ 78 ]. 

 Comparative studies have shown a therapeutic 
effect of aerobic exercise in the treatment of PD 
[ 50 ]. Broocks et al. [ 8 ] compared a 10-week run-
ning program with clomipramine and placebo 
pills and found that regular aerobic exercise 
alone, versus placebo, was associated with sig-
nifi cant clinical improvement, but less effective 
than  clomipramine  . It was hypothesized that this 
effect was mediated by exercise impact in the 
serotoninergic system, based on the fi ndings that 
regular  physical activity   is associated with 
decreasing somatization, probably through adap-
tive mechanisms of serotonergic circuits impli-
cated in anxiety and nociception regulation [ 79 ]. 
This was supported further by studies that showed 
reduced 5-HT1A responsivity in patients with 
PD [ 80 ] and a downregulation of central 5-HT2C 
receptors in healthy volunteers after 10-weeks of 
jogging three times a week [ 81 ]. 

 Despite the positive effects of exercise alone, 
a randomized controlled trial that compared the 
addition of a 10-week aerobic exercise protocol 
and relaxation training to paroxetine found no 
differences between interventions [ 10 ]. Nocturnal 
cortisol excretion analysis of those patients yield 
no relationship between hypothalamo-pituitary- 
adrenomedullary (HPA) activity and treatment 
response nor with exercise [ 82 ]. 

 Another study that added a home-based walk-
ing program to CBT in patients with anxiety dis-

orders found signifi cant decrease in stress, 
depression and anxiety levels in comparison to 
the group that received regular CBT [ 9 ]. When 
compared versus CBT, however, a 12-week exer-
cise protocol showed poorer results in the 
Mobility Inventory (MI), the Agoraphobic 
Cognitions Questionnaire (ACQ) and Body 
Sensations Questionnaire (BSQ) than the estab-
lished treatment [ 83 ]. See Table  18.1 .

   Interestingly, while AS predicts exercise 
avoidance and low adherence, aerobic exercise- 
based interventions seem to reduce it. Six 20-min 
exercise sessions were suffi cient to demonstrate a 
decrease in AS levels [ 13 ]. Considering exercise 
intensity, results by Broman-Fulks et al. [ 84 ] 
indicated that both high- and low-intensity exer-
cise reduced AS. However, high-intensity exer-
cise accounted for more expressive outcomes and 
was the only intensity found to reduce fear of 
anxiety-related bodily sensations. Another recent 
study [ 85 ] found that a single session of psycho-
education combined with interoceptive exposure 
was effective to reduce AS and outcomes were 
maintained in a 6-month follow-up. Yet, while in 
PD patients exercise accounts for poorer results 
than CBT, when it comes to reducing AS levels in 
high-AS score individuals, no additional effect of 
a cognitive restructuring intervention was 
observed in a 2-week trial, being both conditions 
more effective than waiting list control. 

 It seems that changes in AS mediate the ben-
efi cial effects of exercise on anxious and 
depressed mood [ 86 ]. It is plausible that, as aero-
bic exercise involves exposure to physiological 
cues similar to those experienced during anxiety 
reactions, the participation in exercise programs 
might have a similar role in the treatment of AS 
and panic to the already established interoceptive 
exposure techniques. Thus, if exercise is admin-
istered in gradual increase intensity, it may pro-
mote a habituation effect on the interoceptive 
conditioning underlying AS and panic [ 12 ]. 

 It is also possible that other constructs that 
participate in the psychopathology of PD, such as 
cardiac anxiety, agoraphobic cognitions, fear of 
body symptoms, hypervigilance and avoidance 
might be differentially infl uenced by exercise 
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   Table 18.1    Available evidence on the use of exercise in the treatment of PD   

 Reference  Sample  Anxiety manifestation 
 Exercise 
intervention  Duration  Outcome 

 Broocks 
et al. [ 8 ] 

 n = 46 
 (exercise 
group, 
n = 16 
and 
control 
n = 30) 

 PD with and without 
agoraphobia 

 Walking or running 
a 4-mile route, 
three times a week 

 10 weeks  Exercise was associated 
with signifi cant clinical 
improvement in PD 
patients but less effective 
than treatment with 
clomipramine 

 Wedekind 
et al. [ 10 ] 

 n = 75  PD with and without 
agoraphobia 

 Running  10 weeks  While paroxetine was 
superior to placebo, 
aerobic exercise did not 
differ from relaxation 
training in most effi cacy 
measures 

 Merom 
et al. [ 9 ] 

 n = 74  PD, Generalized anxiety 
disorder or Social phobia 

 30-min sessions of 
moderate-intensity 
walking (150 min 
per week) 

 10 weeks  Exercise + CBT was 
more effective that CBT 
alone in reducing scores 
in self-report depression, 
anxiety, and stress scales 

 Esquivel 
et al. [ 76 ] 

 n = 18  PD patients submitted to a 
panic induction maneuver 
with 35 % CO 2  

 Moderate/hard 
exercise or 
very-light exercise 

 Acute 
intervention 

 Panic reactions to CO 2  
were smaller in patients 
that performed moderate/
hard exercise in contrast 
to those that performed 
very-light exercise 

 Strohle 
et al. [ 77 ] 

 n = 24  PD patients × healthy 
controls 

 Aerobic treadmill 
exercise (30 min at 
an intensity of 70 % 
of the maximal 
oxygen uptake) 

 Acute 
intervention 

 Compared to healthy 
control subjects, patients 
with panic disorder had 
signifi cantly reduced 
BDNF concentrations at 
baseline and 30 min of 
exercise signifi cantly 
increased BDNF 
concentrations only in 
these patients 

 Strohle 
et al. [ 68 ] 

 n = 24  PD patients × healthy controls 
submitted to a panic induction 
maneuver with CCK-4 

 Aerobic treadmill 
exercise (30 min at 
an intensity of 70 % 
of the maximal 
oxygen uptake) 

 Acute 
intervention 

 Patients with PD showed 
increased somatic but not 
anxiety symptoms after 
exercise. Exercise 
reduced the severity of 
CCK-4-induced panic 
and anxiety 

 Esquivel 
et al. [ 75 ] 

 n = 20  Healthy subjects submitted to 
a panic induction maneuver 
with 35 % CO 2  

 Aerobic exercise in 
a bicycle ergometer 
reaching >6 mm of 
blood lactate 

 Acute 
intervention 

 Subjects under the 
exercise condition 
reported less panic 
symptoms than controls 
after a CO 2  challenge 

 Strohle 
et al. [ 11 ] 

 n = 15  Healthy subjects submitted to 
a panic induction maneuver 
with CCK-4 

 Aerobic treadmill 
exercise (30 min at 
an intensity of 70 % 
of the maximal 
oxygen uptake) 

 Acute 
intervention 

 Panic attacks occurred in 
12 subjects after rest but 
in only six subjects after 
exercise 
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interventions. It is consistent with recent data 
from Belem da Silva et al. in which patients with 
high somatic anxiety showed a signifi cantly 
higher prevalence of low level of physical activ-
ity as compared to those with low somatic anxi-
ety. In this study,  somatic symptoms   of anxiety 
remained the only important predictors of low 
level of physical activity (odds ratio = 2.81) [ 48 ]. 

 Likewise, even though addition of exercise 
interventions to regular therapy seem promising, 
adherence is often mentioned as a challenge in 
this population, with dropout rates yielding 30 %, 
approximately [ 8 ]. A pilot study of acceptability 
and adherence to CBT + exercise showed a sig-
nifi cant drop in exercise session participation 
along time [ 18 ], which is consistent with the high 
exercise avoidance in PD patients mentioned pre-
viously. To the moment, there is a gap in the 
knowledge on how to best deal with anxiety- 
related symptoms which hinder patients to par-
ticipate and benefi t from exercise protocols [ 49 ]. 

 Recently, an interesting clinical strategy was 
proposed by Gomes et al., in a pilot-study of 
aerobic exercise in the treatment of PD. These 
authors proposed the inclusion of familiarization 
sessions before initiating the exercise protocol, 
which consisted of taking one or two sessions to 
have the patients walk in the treadmill until 
anticipatory anxiety have decreased and they 
reported feeling safe to engage in the exercise 
program [ 56 ].  

18.7     Discussion 

 To the moment,  aerobic exercise   demonstrated no 
signifi cant effect for the treatment of anxiety dis-
orders alone. Exercise appears to reduce anxiety 
symptoms but it is less effective than antidepres-
sant medication. Exercise combined with CBT 
and/or antidepressant medication seem to 
improve treatment outcomes [ 87 ]. The studies 
involving exercise presented a wide variety of 
control situations and the effect size of aerobic 
exercise interventions seem to be highly infl u-
enced by the type of control condition. Trials uti-
lizing waitlist/placebo controls and trials that did 
not control for exercise time reported large effects 
of aerobic exercise while other trials report no 
effect of aerobic exercise [ 88 ]. In this sense, cur-
rent evidence does not support the use of aerobic 
exercise as an effective treatment for  anxiety dis-
orders   as compared to the control conditions. The 
present outcomes point to an incremental role of 
exercise and suggests its usefulness as an adjunct 
therapy to be added to already established inter-
ventions such as pharmacotherapy and CBT in 
the treatment of PD [ 9 ,  12 ]. Specifi c investiga-
tions on its clinical effects, interaction with stan-
dard treatment approaches and details on the 
optimal type, intensity, frequency and duration 
that might further support the clinical administra-
tion in PD patients are still insipient, with no 

Table 18.1 (continued)

 Reference  Sample  Anxiety manifestation 
 Exercise 
intervention  Duration  Outcome 

 Hovland 
et al. [ 83 ] 

 n = 36  PD patients treated with 
CBT × physical exercise 

 Three weekly 
sessions of physical 
exercise 

 12 weeks  Group CBT was more 
effective than group 
physical exercise for PD 

 Gomes 
et al. [ 56 ] 

 n = 4  PD patients in an 
exercise + pharmacotherapy 
protocol. No control group 

 Two weekly 
sessions of 
treadmill walking 
at controlled 
intensity (75 % VO 2  
max) 

 12 weeks  Exercise was shown to 
be safe and potentially 
useful tool as adjunct 
non-pharmacologic 
treatment of PD 

 Sardinha 
et al. [ 57 ] 

 n = 1  Case report of 
CBT + pharmacotherapy
 + exercise 

 12 sessions of 
interval training 
treadmill walking 

 6 weeks  Addition of exercise 
protocol contributed to 
reduce anxiety and 
cardiac anxiety 
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established guideline in terms of the exercise 
protocol. 

 Also, there is scarce information about the 
specifi c effect of exercise in the psychological 
constructs implicated in the psychopathology of 
panic and whether the observed gains are gener-
alized or mediated by any of these variables. 
Along with that, although laboratory research on 
exercise and anxiety present a more rigorous con-
trol of physiological variables and exercise inten-
sity [ 11 ,  60 ,  62 ], longitudinal studies have failed 
to present elucidative data on the cardiorespira-
tory changes and fi tness condition before and 
after participation and on the interactions between 
those variables and anxiety symptoms improve-
ment. Besides, exercise protocols reported so far 
include general and unsupervised exercise pre-
scriptions, with poor control of exercise intensity, 
cardiorespiratory and psychological parameters 
during sessions [ 8 ,  9 ,  69 ], with an only recent 
preoccupation in detailing the exercise protocols 
in the literature [ 56 ,  59 ]. 

 A research design aiming to provide inter-
esting information on the behavior of several 
variables implicated in the psychopathology 
of PD could shed light on the specific effect of 
exercise in each of these. We could hypothe-
size that the variables that include cognitive 
information processing, like restructuring of 
health-related worries and fears and agorapho-
bic cognitions could suffer an indirect impact 
of exercise, possibly through naturalistic evi-
dence of safety provided by the previous 
reduction in panic manifestations and fear of 
body symptoms. 

 It is also possible that the reported  neuro-
physiological changes   due to exercise [ 75 ,  78 ], 
promote an immediate anti panic modulation, 
as patients can experience autonomic arousal 
induced by exercise in the absence of panic or 
in the presence of more attenuated anxiety 
reactions [ 11 ,  75 ,  76 ,  89 ]. In this sense, exer-
cise could have an additional advantage over 
regular interoceptive exposure in terms of the 
intensity of symptoms that can be elicited 
without panic reactions, which possibly poten-
tiates habituation.  

18.8     Conclusion 

 The positive role of exercise training in symptom 
reduction in addition to traditional pharmacother-
apy and psychotherapy treatment to PD in authors 
experience is consistent with previous reports in 
the literature, that point to a superior effect of the 
combination of regular therapy with exercise. To 
the moment, aerobic exercise has demonstrated 
no signifi cant effect for the treatment of anxiety 
disorders when administered alone. As exercise 
is often feared and avoided by PD patients, adher-
ence implies the use of the exposure therapy 
rationale, in the context of a broader cognitive 
behavioral intervention. Also, a cognitive behav-
ioral comprehensive approach is helpful to ade-
quately perform exercise testing in this 
population. The specifi c therapeutic effects of 
exercise interventions in each of the variables 
implicated in the psychopathology of PD, how-
ever, deserves further understanding in order to 
better adapt the inclusion of exercise interven-
tions to individual needs.     
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     Abstract  

  Until now, little information exists about 
 pharmacological strategies to follow in the 
treatment of panic disorder (PD) patients with 
unsatisfactory response to fi rst line medica-
tions. Furthermore, there is no consensus 
about the defi nition of concept and manage-
ment of treatment-resistant PD. The physiopa-
thology of panic disorder is related to 
serotoninergic, noradrenergic and GABAergic 
systems. Based on this knowledge, antide-
pressants, anxiolytics, atypical antipsychotics 
and anticonvulsants have been studied in PD 
treatment. Besides selective serotonin re-
uptake inhibitors, tricyclics, benzodiazepines 
and venlafaxine, there is limited scientifi c evi-
dence on the effectiveness of other medica-
tions. More studies are needed for a better 
elucidation of the effectiveness and tolerabil-
ity of medications in PD, especially atypical 
antipsychotics, anticonvulsants and other new 
drugs. For the moment, it is important to use 
existing scientifi c evidences regarding effec-
tiveness, tolerability and safety, combined 
with clinical experience, to plan a rational 
treatment sequence for PD patients.  
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19.1       Introduction 

 In clinical trials with  panic disorder (PD)   patients, 
response and remission rates vary between 
40–70 % and 20–47 %, respectively [ 1 ]. After 2 
years, 21.4 % of patients with remission experi-
ence recurrence of  panic attacks   [ 2 ]. Currently, 
little information exists about pharmacological 
strategies to follow in the treatment of PD patients 
with unsatisfactory response to fi rst line medica-
tions. Moreover, there is no consensus about the 
defi nition of treatment resistant PD. Therefore, 
each study uses its own criteria, making it diffi -
cult to compare results. 

 Currently, there are many pharmacological 
treatment options for PD including different 
classes of antidepressants, anxiolytics, atypical 
antipsychotics and  anticonvulsants  , among oth-
ers. This is why selecting the best option of 
 treatment for each patient becomes diffi cult. 
According to current guidelines, usually the fi rst 
line pharmachological treatments for PD are 
selective serotonin reuptake inhibitors (SSRI) or 
serotonin and norepinephrine reuptake inhibitor 
(SNRI) venlafaxine extended release (XR) [ 3 – 6 ]. 
Up to now there is no evidence to support greater 
effectiveness of one antidepressant class over 
another nor combination over monotherapy treat-
ment [ 4 ]. SSRI, benzodiazepines, venlafaxine 
XR and tricyclic antidepressants (TCA) have 
demonstrated similar effi cacy. In clinical prac-
tice, the choice of pharmacological treatment is 
based on a series of factors such as tolerability, 
previous treatments and outcomes, clinical 
or psychiatric comorbidity, treatment cost and 
patient preference [ 4 ]. 

 SSRI have easy dosage regimen and usually 
the therapeutic dose is rapidly achieved. This 
class of antidepressants have fewer  side effects   
and less dropouts than TCA and monoamine oxi-
dase inhibitors (MAOI) as well as less toxicity in 
overdose and no dietary restrictions as MAOI. 
SSRI are usually presented as a safer option when 
compared with  benzodiazepines (BZD)   due to 
risk of dependency and should be the choice to 
treat patients with substance abuse. This prefer-
ence for SSRI is also due to likelihood of 
BZD might cause mild cognitive impairment. 

Although, BZD can be associated at the  beginning 
of treatment for a quicker symptom control due 
to its fast action. Also regarding patients with 
comorbid psychiatric disorders (i.e. depression), 
which is common in PD, SSRI treat both disor-
ders. Venlafaxine XR is considered fi rst option 
along with SSRI because both have similar effi -
cacy compared to TCA but with fewer  adverse 
events (AE)  , less dropouts and more comfortable 
posology [ 4 ]. The most common side effects of 
SSRI and venlafaxine are somnolence, dry mouth 
and insomnia [ 7 ]. Sexual dysfunction is also very 
common in both of these treatments but in a 
larger scale with SSRI [ 8 ]. 

 The objectives of the treatment of PD are to 
reduce the frequency and intensity of panic 
attacks, anticipatory anxiety and agoraphobic 
avoidance. Accordingly, treatment failure occurs 
when the patient does not have satisfactory imp-
rovement of the mentioned symptoms or if there 
is recurrence of symptoms [ 4 ]. Although several 
medications have shown good results in PD treat-
ment, a signifi cant percentage of patients remain 
symptomatic after an adequate trial. Patients who 
do not respond or who dropout due to AE reach 
30 % [ 9 ]. In this group of patients that does not 
respond, fi rst it is important to exclude causes 
such as inadequate dose and/or duration, non-
compliance, poor tolerability, psychosocial 
stressors and clinical or psychiatric comorbidity. 
If the patient has inadequate response despite 
those factors, there is a need to choose new 
 strategies and have further therapeutic options. 
At that point, it is important to consider switch-
ing or augmentation [ 10 ]. 

 If some improvement is obtained, augmenta-
tion is indicated. Although, if current treatment 
have not provided satisfactory response, switch-
ing should be considered. Primarily, it is recom-
mended to choose treatments with a higher level 
of evidence. Therefore, regardless of adding or 
switching, another fi rst-line medication should 
be chosen. It is also a common strategy to associ-
ate BZD for residual symptoms [ 10 ]. Thus, this 
chapter analyzes existing evidence of new phar-
macological treatment options for patients who 
showed unsatisfactory response to the treatment 
of PD with SSRI, venlafaxine and BZD. 
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  Panic attacks   are acute responses to misinter-
preted stimuli in people with hypersensitivity in 
fear networks. The physiopathology of PD is also 
related to genetic susceptibility as well as sero-
toninergic, noradrenergic and GABAergic sys-
tems. This abnormal functioning may exacerbate 
response to anxiety, including autonomic symp-
toms [ 11 ]. Based on this knowledge, many medica-
tions have been studied in  treatment-resistant   PD.  

19.2     Treatments 

19.2.1     Antidepressants 

19.2.1.1      Venlafaxine   
  Venlafaxine   is considered as an early choice for 
the treatment of PD. Actually, among newer anti-
depressants is the best-studied for pharmacologi-
cal treatment of PD. Venlafaxine was effective to 
control panic symptoms in short and long term 
follow-up studies and has shown to be safe and 
well tolerated [ 12 ]. This serotonin- norepinephrine 
reuptake inhibitor demonstrated signifi cantly 
higher response and remission rates than placebo 
and was as effective as paroxetine. Until now, 
there are six published controlled trials, most of 
them randomized and double-blind, and two 
open label studies lasting from 8 to 26 weeks that 
evaluated antipanic properties of venlafaxine. 
Symptoms like frequency of panic attacks, anti-
cipatory anxiety, fear and avoidance were 
 evaluated as well as response and remission rates. 
Considering all studies, more than 1900 patients 
were evaluated and venlafaxine was compared to 
placebo and paroxetine [ 13 – 19 ]. 

 Two multicenter, double-blind, randomized 
studies of 12 weeks, compared venlafaxine XR at 
doses of 75 mg/day, 150 mg/day and paroxetine 
40 mg/day [ 13 ,  14 ]. In addition, one study also 
included a venlafaxine 225 mg/day group and a 
placebo group [ 13 ]. In total, more than 1200 
patients were included in both studies. All groups 
were superior to placebo and both venlafaxine 
groups at doses of 75 and 150 mg/day were 
equally effective to paroxetine 40 mg/day group. 
However, venlafaxine 225 mg/day group was 

 signifi cantly superior to paroxetine group in 
improving panic symptoms and remission rates 
[ 13 ,  14 ]. 

 In a long-term follow up study, venlafaxine pre-
vented relapse of panic symptoms and improved 
quality of life and disability when compared to pla-
cebo [ 16 ]. Patients who were responders in a ven-
lafaxine XR open label study of 12 weeks were 
randomized to continue receiving venlafaxine XR 
or switch to placebo. Patients in venlafaxine XR 
group have shown 22.5 % relapse while in placebo 
group were 50 % (p < 0.001). In general, AE were 
mild to moderate and similar to paroxetine group 
and to those studies with venlafaxine for depres-
sion and other anxiety disorders [ 17 ]. 

 In one randomized, double-blind, multicenter 
study of 10 weeks, comparing fl exible-dose 
 venlafaxine XR (75–225 mg/day, N = 155) to 
 placebo (N = 155), dropout rates were 4 % for 
placebo group and 7 % for venlafaxine ER-treated 
group [ 20 ]. In this study, AE were the primary or 
secondary cause of withdrawal. On the other 
hand, a study of 8 weeks with a small sample 
(N = 25), found more dropouts in placebo group 
(66 %) than in venlafaxine-treated group (15 %) 
[ 15 ]. This probably occurred because of  lac  k of 
 therap  eutic effect.  

19.2.1.2     Duloxetine 
 A small open label study, with 15 patients, evalu-
ated duloxetine in the treatment of PD with or 
without agoraphobia [ 21 ]. Authors hypothesized 
that duloxetine, a SNRI, with a similar mecha-
nism of action of venlafaxine, would be effective 
for the treatment of panic disorder. Patients 
received daily doses ranging from 60 to 120 mg/
day  fo  r 8 weeks. The majority of patients (53 %) 
had a prior failed pharmacological treatment. At 
the endpoint, patients had signifi cant improve-
ment of panic and depressive symptoms, overall 
anxiety  a  nd quality of life. Duloxetine was more 
effective in patients without psychiatric comor-
bidity than in patients with comorbidity. The 
most common AE were nausea, sedation and 
sexual dysfunction [ 21 ]. However, this is a 
restricted result and randomized controlled stud-
ies with larger samples are needed.  
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19.2.1.3      Trazodone      
 There are few trials with trazodone in PD and the 
results are controversial [ 22 ,  23 ]. A study com-
pared the effi cacy of imipramine, alprazolam and 
trazodone in 74 patients with PD for 8 weeks [ 22 ]. 
Imipramine and alprazolam reduced the symp-
toms of anxiety, frequency of panic attacks and 
phobic avoidance. Alprazolam was effective on 
the fi rst week of treatment as imipramine only 
from the fourth week. However, trazodone has 
not been effective and was poorly tolerated. 
Trazodone group had only two patients with 
good improvement or remission and only 17 pati-
ents completed least 4 weeks of treatment [ 22 ]. 

 A single-blind trial with patients with PD and 
agoraphobia evaluated trazodone 300 mg/day for 
8 weeks [ 23 ]. Only 11 patients completed the 
study, and they had signifi cant improvements of 
anxiety, depression and phobias, including agora-
phobic avoidance [ 23 ]. Therefore, in this study, 
trazodone was effective but studies with larger 
samples are needed.  

19.2.1.4      Reboxetine   
  Reboxetine   was compared to SSRI in two single- 
blind studies and SSRI were superior especially if 
there is comorbid depression [ 24 ,  25 ]. However, in 
two other studies, reboxetine showed effi cacy and 
superiority to placebo [ 26 ,  27 ]. In addition, rebox-
etine demonstrated effi cacy in patients whose pre-
vious treatment with SSRI failed [ 9 ,  25 ]. 

 A single-blind, randomized trial compared 
reboxetine and paroxetine in 68 patients with PD 
for 3 months [ 24 ]. Paroxetine was more effective 
than reboxetine for panic attacks but there was 
no difference regarding anticipatory anxiety and 
avoidance. Furthermore, reboxetine group showed 
less weight gain and sexual dysfunction [ 24 ]. 

 Another study evaluated the effi cacy of rebox-
etine in 29 outpatients with PD whose previous 
treatment with SSRI failed [ 9 ]. These 6 weeks 
open label study used reboxetine up to 8 mg/day. 
The 24 (82.76 %) patients who completed the 
study showed signifi cant improvement in fre-
quency of panic attacks, overall anxiety, global 
functioning and depressive symptoms. Five pati-
ents (17.24 %) discontinued because of AE [ 9 ]. 

 Another single-blind randomized trial 
 compared reboxetine and citalopram in 19 
patients with a crossover design [ 25 ]. After the 
fi rst 8 weeks with one of those AD and a 2 weeks 
washout, patients were switched to the other 
AD. Seven of 13 (54 %) patients of reboxetine- 
treated group and 9 of 11 (82 %) of citalopram- 
treated group showed improvement. There were 
no difference in effi cacy between both AD related 
to panic attacks, but there was a superiority of 
citalopram for depressive symptoms. One patient 
that remained symptomatic with citalopram 
responded to reboxetine and three patients that 
remained symptomatic with reboxetine responded 
to citalopram. Based on these data, citalopram is 
a better option especially for PD with comorbid 
depression [ 25 ]. 

 A placebo-controlled, randomized, double- 
blind, parallel-group study with 82 patients with 
PD with or without agoraphobia evaluated rebox-
etine (6–8 mg/day) for 8 weeks [ 26 ]. Seventy- fi ve 
patients fi nished the trial. In the reboxetine group, 
there was a signifi cant reduction in mean number 
of panic attacks and phobic symptoms, as well as 
depressive symptoms and functioning. Reboxetine 
was well tolerated and common AE were dry 
mouth, constipation and insomnia [ 26 ]. A meta-
analyses evaluated dropout rates of several  anti-
depres  sants in the treatment of PD and reboxetine 
showed a high rate in  compari  son to placebo [ 27 ].  

19.2.1.5      Mirtazapine   
 Several small,  u  ncontrolled studies, with 8–12 
weeks duration, indicated effi cacy of mirtazapine 
in reducing signifi cantly the number and the 
intensity of panic attacks and anticipatory anxi-
ety [ 28 – 31 ]. In the only double-blind, random-
ized trial of mirtazapine published until today, 
this antidepressant was as effective as fl uoxetine 
reducing panic attacks and mirtazapine-treated 
group had better improvement of phobic anxiety 
during the 8 weeks of the study [ 32 ]. In addition, 
patients self-evaluation of their improvement 
was better in mirtazapine group. Regarding AE, 
the most common in mirtazapine group was 
weight gain while in fl uoxetine group were nau-
sea and paresthesia [ 32 ]. 
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 Mirtazapine was also compared to another 
SSRI but in this case to paroxetine and in an open 
label study of 8 weeks [ 30 ]. The improvement of 
PD was similar in both groups. Indeed mirtazap-
ine signifi cantly reduced the number of panic 
attacks since the third week suggesting a faster 
response than with paroxetine. After a follow-up 
6 months later, 95 % of the patients that responded 
at week 8 remained asymptomatic. Patients with 
PD and comorbid depression improved in both 
groups [ 30 ]. Overall, mirtazapine was well toler-
ated in all studies and withdrawal was low (6.3 %) 
[ 28 – 32 ]. Despite the positive results, a meta- 
analysis of antidepressants for the treatment of 
PD including 53 studies and 5236 patients, found 
that mirtazapine was superior to placebo for 
overall anxiety symptoms but not for panic 
symptoms. This meta-analysis confi rmed the low 
dropout rate [ 27 ].  

19.2.1.6      Phenelzine      
 MAOI have been largely studied for depressive 
disorders, though for PD, few studies exist. 
Irreversible MAOI, like phenelzine and tranylcy-
promine, require a low tyramine diet and have 
unfavorable side effects like hypertensive crisis. 
Therefore, in clinical practice, MAOI are reser-
ved for patients who have tried several standard 
treatments either as monotherapies or as adjunc-
tive therapies that not showed satisfactory 
response. 

 Phenelzine was found to be effi cacious in 
patients with PD with and without agoraphobia 
in a study with 35 outpatients during 6 months 
[ 33 ]. The frequency of panic attacks improved 
100 % in patients with PD and 94.7 % in patients 
with agoraphobia. The symptoms anticipatory 
anxiety and avoidance have not improved  signifi -
cantl  y in 73.6 % in the group of agoraphobic 
patients [ 33 ].  

19.2.1.7      Tranylcypromine   
  Tranylcypromine (TCP)   was effective at doses of 
30 and 60 mg/day in a double-blind controlled 
study of 12 weeks in 36 patients with PD and 
comorbid social anxiety disorder (SAD) accord-
ing to DSM-IV [ 34 ]. At the end, 13 of 19 patients 
(68.4 %) in the 30 mg/day group and 12 of 17 

patients (70.6 %) in the 60 mg/day group reported 
to be free of panic attacks. There was no statisti-
cally signifi cant difference between both in rela-
tion to panic attacks. However, concerning SAD, 
the group that used 30 mg/day of TCP have not 
improved [ 34 ]. Regarding dropping out from 
treatment, eight (22.2 %) patients have left the 
study of which fi ve (13.8 %) because of AE and 
three (8.3 %) due to insuffi cient clinical response. 
The dropouts were 26.3 % (n = 5) in the 30 mg/
day group and 17.6 % (n = 3) in the 60 mg/day 
and this difference was not statistically signifi -
cant. All dropouts occurred within the fi rst 4 
weeks [ 34 ]. AE were generally of low intensity 
with few cases of moderate intensity and no 
severe AE. Moreover, the majority of AE 
regressed after 4 weeks of treatment. The most 
common AE (>10 %) in both groups were ortho-
static hypotension, decreased libido, insomnia, 
constipation, sleepiness, nausea, drowsiness and 
dry mouth. In the group of 60 mg/day also 
occurred: headache, fatigue and delayed ejacula-
tion [ 34 ]. The number of studies is quite limited 
and the samples are small, making it diffi cult to 
generalize the results. However, the TCP has 
shown positive results in severe cases, resistant 
to previous treatments or with psychiatric 
comorbidities.  

19.2.1.8     Moclobemide 
 Reversible MAOI like moclobemide do not 
 require   dietary restrictions and have fewer drug 
interactions in relation to irreversible MAOI. 
Studies that investigated depression suggest that 
reversible MAOI may be equally effective and 
better tolerated than TCA [ 35 ]. 

  Moclobemide   was compared to placebo and 
cognitive behavioral therapy (CBT) in the treat-
ment of PD with agoraphobia [ 35 ]. Fifty-fi ve 
patients were evaluated for 8 weeks and later 
there was a 6 months follow-up. Moclobemide 
was as effective as CBT and more effective than 
placebo [ 35 ]. Also, two multicenter, double- 
blind, randomized, parallel-group studies com-
pared moclobemide with a TCA or SSRI and 
both found similar effectiveness [ 36 ,  37 ]. One 
study compared moclobemide 450 mg/day with 
clomipramine 150 mg/day for 8 weeks in 135 
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patients [ 36 ]. Response was 49 % in moclobemide 
group and 53 % in clomipramine group. Whereas 
improvement in global functioning was 78 % in 
moclobemide group and 88 % in clomipramine 
group. AE were more frequent in clomipramine 
group due to anticholinergic effects [ 36 ]. 

 Another study compared moclobemide 
(n = 182) with a target dose of 450 mg/day to 
fl uoxetine (n = 184) with a target dose of 20 mg/
day during 8 weeks [ 37 ]. Both showed similar 
effi cacy with a panic free rate of 70 % in fl uox-
etine group and 63 % in moclobemide group. 
Patients with much or very much improvement 
were 74 % in fl uoxetine group and 76 % in 
moclobemide group. Fourteen patients in fl uox-
etine group and 11 patients in moclobemide 
group discontinued due to AE. Both groups had 
similar tolerability. This study had a long-term 
extension of 1 year in which 74 patients of fl uox-
etine group and 83 of moclobemide group par-
ticipated. At endpoint, 65 (87.84 %) patients 
of fl uoxetine group and 61 (73.49 %) patients of 
moclobemide group completed the trial. Patients 
of both groups remained much improved after 1 
year. There were no severe AE  and   both medica-
tions were well tolerated [ 37 ].  

19.2.1.9     Tianeptine 
  Tianeptine      is an antidepressant with a mechanism 
of action that is the opposite of SSRI’ mechanism. 
Tianeptine increases serotonin uptake in the 
brain [ 38 ]. A randomized, double- blind study of 6 
weeks compared the vulnerability to 35 % CO 2  in 
patients with PD before and after treatment with 
tianeptine or paroxetine [ 39 ]. Tianeptine signifi -
cantly reduced panic reaction to 35 % CO 2  as well 
as paroxetine. However, tianeptine has not shown 
signifi cant clinical improvement whereas  parox-
etin  e did [ 39 ].  

19.2.1.10      Nefazodone      
 A small study of 12 weeks evaluated nefazodone 
effi cacy in 15 patients with PD [ 40 ]. At the end, 
47 % of the patients that completed the study pre-
sented remission. AE were mild and the most com-
mon were dizziness and sedation [ 40 ]. Another 
open label study of 12 weeks with ten patients 
found much improvement in 90 % of patients and 

70 % of remission of panic symptoms with 
 nefazodone treatment [ 41 ]. 

 A third small open trial evaluated nefazodone 
in patients with PD and high degree of comorbid 
major depressive disorder or generalized anxiety 
disorder (GAD) [ 42 ]. After 8 weeks, 10 of 14 
(71 %) patients improved from panic symptoms 
including phobic avoidance, disability and global 
impression. Five of 8 (62.5 %) patients with 
comorbid depression and 3 of 5 (60 %) patients 
with comorbid GAD and 5 of 6 (83.33 %) patients 
with only PD achieved response. There were no 
dropouts because of AE [ 42 ]. 

 Those few and small open label studies show 
preliminary evidence of effi cacy and tolerability 
of nefazodone in PD.  Alt     hough, controlled stud-
ies with larger sample are needed to obtain stron-
ger evidence.  

19.2.1.11      Milnacipran   
 A small open trial with 31 patients, evaluated 
effectiveness of milnacipran in PD with and with-
out agoraphobia for 10 weeks [ 43 ]. Daily doses 
were titrated to 50 mg twice a day. Milnacipran 
signifi cantly  re  duced panic symptoms intensity 
and remission was achieved in 58.1 % of the sam-
ple [ 43 ]. Another open study evaluated combined 
sequential therapy of clonazepam and milnacip-
ran in the treatment of PD with comorbid dep-
ression. First, patients were treated only with 
clonazepam that was slowly switched to mil-
nacipran. Patients presented good antidepressant 
and antipanic response. At the end, milnacipran 
was effective and well tolerated [ 44 ].  

19.2.1.12      Agomelatine      
 Animal studies have shown that agomelatine has 
anxiolytic action. Agomelatine is a melatonin 
agonist but the anxiolytic property seems to be 
related to an antagonistic action at 5-HT2c recep-
tors [ 45 ]. Because of this property, agomelatine 
has being studied for anxiety disorders and there 
is preliminary evidence of its effectiveness in 
GAD [ 46 ]. 

 In relation to PD, until now, there is only a small 
open label trial published with agomelatine [ 47 ]. 
This study evaluated 13 patients and 11 of them 
completed the study. Nine patients had PD with 
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agoraphobia. The reasons of the two patients who 
did not complete the study were not related to treat-
ment. Regarding psychiatric comorbidity, 9 of the 
11 patients had comorbid depression and three had 
comorbid SAD. The starting dose was 25 mg/day 
and could be increased to a maximum of 50 mg/
day if necessary. Nine patients needed the dose of 
50 mg/day. Furthermore, concomitant use of BZD 
was allowed until a predetermined dose, which 
occurred with fi ve patients. At  e     ndpoint, there were 

signifi cant improvement of panic symptoms and 
quality of life compared to baseline [ 47 ]. Please see 
Table  19.1 .

19.2.2          Anticonvulsants   

 There are few  s  tudies on the use of anticonvul-
sants in TP and consequently little evidence to 
support its use. 

   Table 19.1     Antidepressant   doses and guidelines recommendation levels [ 8 ,  70 ]   

 Antidepressant 
 Initial 
dose (mg) 

 Usual 
dosage 
(mg) 

 Maximum 
dose (mg) 

 British guideline 
(acute treatment) [ 6 ] 

 Canadian 
guideline [ 5 ]  WFSBP [ 3 ] 

 Venlafaxine  37.5  75–225  300  A 
 Long-term + 

 First-line; 
 Long-term + 

 1 

 Duloxetine  30  60–120  120  NC  NC  NC 
 Trazodone  50  150–400  600  NC  Not-recommended  NC 
 Tranylcypromine  20  20–60  60  NC  Third-line  NC 
 Phenelzine  15  45–90  90  D  Third-line  3 
  Moclobemi  de  150  300–600  600  B  Third-line; 

 Long-term + 
 5 

 Mirtazapine  7.5–15  15–45  45  C  Second-line  4 
 Reboxetine  4  8–10  10  D  Second-line  5 
 Milnacipran  12.5  100–200  200  NC  NC  4 
 Tianeptine  12.5  12.5–37.5  37.5  NC  NC  NC 
 Agomelatine  25  25–50  50  NC  NC  NC 
 Nefazodone  200  300–600  600  NC  NC  NC 
  Bupr  opion  75–150  150–300  300  Not-recommended  NC  4 

   Recommendation of :  British guideline  [ 6 ]: A – Directly based on category I evidence (either I [M] or I [PCT]); B – 
Directly based on category II evidence or an extrapolated recommendation from category I evidence; C – Directly based 
on category III evidence or an extrapolated recommendation from category I or II evidence; D – Directly based on 
category IV evidence or an extrapolated recommendation from other categories; S – Standard of clinical care.  Canadian 
guideline  [ 5 ]: First-line – Level 1 or Level 2 evidence plus clinical support for effi cacy and safety; Second-line – Level 
3 evidence or higher plus clinical support for effi cacy and safety; Third-line – Level 4 evidence or higher plus clinical 
support for effi cacy and safety; Not recommended – Level 1 or Level 2 evidence for lack of effi cacy.  WFSBP : 1 – 
Category A evidence and good risk-benefi t ratio; 2 – Category A evidence and moderate risk-benefi t ratio; 3 – Category 
B evidence; 4 – Category C evidence; 5 – Category D evidence 
  NC  not classifi ed 
  Long-term +  positive results in long-term study 
  WFSBP  World Federation of Societies of Biological Psychiatry 
  Evidence levels :  British guideline  [ 6 ]: I [M] Evidence from meta-analysis of randomized double-blind placebo- 
controlled trials; I [PCT] Evidence from at least one randomized double-blind placebo-controlled trial; II Evidence 
from at least one randomized double-blind comparator-controlled trial (without placebo); III Evidence from non- 
experimental descriptive studies; IV Evidence from expert committee reports or opinions and/or clinical experience of 
respected authorities.  Canadian guideline  [ 5 ]: 1 – Meta-analysis or at least two randomized controlled trials (RCTs) that 
included a placebo condition; 2 – At least 1 RCT with placebo or active comparison condition; 3 – Uncontrolled trial 
with at least ten subjects; 4 – Anecdotal reports or expert opinion.  WFSBP – evidence levels  [ 3 ]: A – Full evidence from 
controlled studies; B – Limited positive evidence from controlled studies; C – Evidence from uncontrolled studies or 
case reports/expert opinion; C1 – Uncontrolled studies; C2 – Case reports; C3 – Based on the opinion of experts in the 
fi eld or clinical experience; D – Inconsistent results; E – Negative evidence; F – Lack of evidence  
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19.2.2.1     Gabapentine 
  Gabapentine      has a mechanism of action incom-
pletely understood. Nevertheless, it is known that 
gabapentine action is related to modulation of 
GABA synthesis and glutamate [ 48 ]. In addition, 
this antiepileptic and antinociceptive agent also 
has anxiolytic action [ 49 ]. Therefore, the effect 
of gabapentine is studied for anxiety disorders. 

 Until now, there is only one study with gaba-
pentin. A randomized, double-blind, placebo- 
controlled, parallel-group study evaluated the 
effi cacy and safety of gabapentin (600–3600 mg/
day) in PD in 103 patients for 8 weeks [ 50 ]. 
At the end, there was no signifi cant difference 
between patients treated with gabapentin or 
 placebo. However, when assessed only patients 
severely ill, gabapentin was effective with 
women showing greater improvement than men. 
The most common AE were somnolence (31 %), 
headache (27 %), and dizziness (23 %). No deaths 
occurred but one patient had severe AE [ 50 ]. In 
conclusion, gabapentin have not been proven 
effective in the only existing study. Although, 
since it has superiority in a subgroup of  s     everely 
ill patients, more studies are needed.  

19.2.2.2      Pregabalin   
  Pregabalin   was already studied for the treatment 
of SAD and GAD with positive results. However, 
until the moment, there are no studies evaluating 
its effectiveness in PD. There is only one open 
label study of 1 year to examine safety and toler-
ability of pregabalin in a mixed sample of patients 
with SAD, generalized anxiety disorder or PD 
[ 51 ]. Results were evaluated together and prega-
baline was considered well tolerated and safe in 
long-term treatment [ 51 ].  

19.2.2.3     Valproic Acid, Valproate 
and Divalproex Sodium 

 Until the moment,  valproic acid   and derivatives 
are medications that have been effective in open- 
label studies, but require controlled studies for 
PD treatment. Two small open-label studies eval-
uated valproic acid or valproate effi cacy in PD 
[ 52 ,  53 ]. Both of them found signifi cant improve-
ment of panic symptoms and global function 

with few AE. One of these studies have done a 
6 months follow up and observed maintenance of 
improvement after this period [ 53 ]. 

 Other two open label studies analyzed dival-
proex or  valproate   effi cacy in PD comorbid to 
bipolar disorder [ 54 ,  55 ]. They showed improve-
ment of depressive and anxiety symptoms, panic 
attacks and mood instability. Also with few AE 
and few dropouts [ 54 ,  55 ]. 

 Another study evaluated valproate in the pre-
vention of lactate-induced panic attacks [ 56 ]. 
Patients underwent lactate before and after treat-
ment. There were signifi cant improvement and 
valproate blocked panic attacks [ 56 ].  

19.2.2.4      Tiagabine   
 A placebo-controlled, double-blind study com-
pared tiagabine (n = 10) and placebo (n = 9) for 4 
weeks [ 57 ]. Tiagabine showed no superiority to 
placebo. This study also tested the sensitivity 
to panic attacks induced by cholecystokinine- 
tetrapeptide (CCK-4) before and after treatment 
and there was a reduction in sensitivity [ 57 ]. 

 An open-label study evaluated effi cacy and 
safety of tiagabine 2–20 mg/day in moderate 
to severe PD with or without agoraphobia for 
10 weeks [ 58 ]. Twenty-three of the 28 patients 
completed the study. There were no signifi -
cant clinical improvement in PD and agorapho-
bia symptoms or global function. In general, 
tiagabine was well tolerated and only one patient 
dropped out because of AD [ 58 ]. Accordingly, 
tiagabine has not shown to be a good option in 
the treatment of PD.   

19.2.3     Atypical Antipsychotics 

 Antipsychotic medications have shown to block 
conditioned fear behavior. One mechanism of 
action to decrease anxiety symptoms may be the 
direct modulation of the dopamine system. Some 
atypical antipsychotics have serotonin action and 
because of this may have anxiolytic properties. 
Therefore, the dual action of antipsychotics supp-
ressing both dopaminergic and serotonergic activity 
can be interesting to control anxiety [ 59 ,  60 ]. 
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However, antipsychotics are less tolerated than 
antidepressants and BZD and should be used only 
after medications with more scientifi c support have 
failed. 

19.2.3.1      Risperidone      
 A randomized, single-blind study compared low- 
dose risperidone (0.25–1 mg/day, average dose = 
0.53 mg/day) to paroxetine (30–40 mg/day) in 56 
patients with panic attacks for 8 weeks [ 61 ]. The 
sample included patients with PD with or without 
agoraphobia (76.8 %) and with Major Depressive 
Disorder with Panic Attacks (23.2 %). Thirty-
three patients received risperidone and 23 
received paroxetine. This study evaluated panic 
attacks, anxiety and depressive symptoms and 
global functioning. Thirteen (51.8 %) patients 
dropped out in risperidone group and 14 (60.9 %) 
in paroxetine group. This difference was not sta-
tistically signifi cant. The main reason for drop-
outs were lost of follow-up or non-compliance 
(n = 14, 51.9 %) and the other reasons were side 
effects and lack of response (n = 3, 11.1 % for 
each one) [ 61 ]. 

 At the end of the study, there were signifi -
cant and similar improvement in both groups. 
In addition, risperidone was as well tolerated 
as paroxetine. Moreover, they suggest that the 
risperidone-treated group may have a quicker 
response than paroxetine [ 61 ]. 

 Another study evaluated risperidone augmen-
tation for patients with treatment resistant anxi-
ety disorders for 8 weeks [ 62 ]. This open-label 
trial included 30 treatment resistant patients 
with PD, GAD and SAD, these patients were 
treated previously with antidepressants, benzodi-
azepines or both, with proper dose and duration, 
and did not achieve remission. Risperidone doses 
ranged from 0.25–3.00 mg/day (mean dose: 
1.12 ± 0.68 mg/day). Seventy percent (n = 21) 
of patients completed the study and risperidone 
augmentation showed a signifi cant improvement 
in anxiety symptoms and global functioning. The 
main reasons for dropouts were weight gain and 
sedation [ 62 ]. 

 Risperidone showed preliminary evidence 
suggesting antipanic effect. Larger studies should 
continue  investigating      risperidone properties in 
samples with only PD patients.  

19.2.3.2      Olanzapine      
 Two open-label studies analyzed olanzapine 
effectiveness in treatment-resistant PD [ 63 ,  64 ]. 
One as monotherapy and another one as augmen-
tation strategy to SSRI. Olanzapine seems to be 
benefi cial for patients with treatment-resistant 
PD. In both studies, olanzapine was well toler-
ated and safe [ 63 ,  64 ]. 

 The fi rst one evaluated ten patients for 8 weeks 
with an average daily dose of 12.3 mg/day of olan-
zapine [ 63 ]. At the end, 5 of 10 patients (50 %) 
showed remission of panic attacks and 4 of 10 
patients (40 %) showed signifi cant decrease in the 
number of panic attacks. Also 6 of 10 patients 
(60 %) were free from anticipatory anxiety. Regar-
ding AE 6 of 10 patients (60 %) gained weight but 
it was not signifi cant during the study [ 63 ]. 

 The second study analyzed augmentation with 
olanzapine 5 mg/day in SSRI-resistant PD with 
or without agoraphobia [ 64 ]. During 12 weeks, 
31 patients were followed and 26 completed the 
trial (dropout rate = 16.1 %). Twenty-one patients 
(81.8 %) were responders and all patients imp-
roved panic symptoms, anticipatory anxiety, 
 agoraphobia, depressive symptoms and global 
functioning. Fifteen patients (57.7 %) achieved 
remission. The most common AE were mild to 
moderate drowsiness and weight gain [ 64 ]. 

 The comorbidity of anxiety disorders and 
bipolar disorder is common [ 65 ]. In these cases, 
bipolar disorder usually has worse disease course. 
Therefore, because of its pharmacological 
 characteristics and mood stabilization effect, 
olanzapine is probably a good option for patients 
with PD comorbid to bipolar disorder or insom-
nia. However, controlled studies are needed to 
confi rm this  hypo     thesis.  

19.2.3.3      Aripiprazole      
 To date, there is only one open-label study that 
analyzed effi cacy and tolerability of augmenta-
tion with aripiprazole in the treatment of GAD 
(n = 13) or PD (n = 10) in patients that remained 
symptomatic after a fi rst line treatment [ 66 ]. The 
mean daily dose in this study was 10.5  +  4.95 mg/
day. Patients showed signifi cant improvement 
of anxiety and depressive symptoms. One PD 
patient (1 %) and 3 with GAD (23 %) achieved 
remission. At endpoint, the reduction of the 
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severity of panic symptoms was not signifi cant. 
Seventeen patients completed the study. In PD 
subgroup, there were three dropouts of which 
two for lack of response and one for chest dis-
comfort [ 66 ]. The result of this study is insuffi -
cient to evaluate the use of aripiprazole as an 
adjunctive therapy for treatment-resistant PD. 
Further studies with  lar     ger samples are needed.  

19.2.3.4      Quetiapine      
 Until now, there are no literature support for the 
use of quetiapine in PD. Some studies have eval-
uated the effects of quetiapine for GAD and have 
found a signifi cant effectiveness. However, que-
tiapine showed more AE and higher dropout rates 
than antidepressants. Because of these anxiolytic 
properties, it would be interesting to investigate 
the effects of quetiapine in PD [ 67 ].  

19.2.3.5      Sulpiride   
 Sulpiride is an antipsychotic also used to treat 
depression [ 68 ]. To date, there is only an open 
label study with 19 resistant PD patients [ 69 ]. In 
this study, patients were considered resistant 
when there was prior treatment failure with two 
antidepressants. During 8 weeks, patients have 
been treated with sulpiride 100, 150 or 200 mg/
day in monotherapy. At the end, patients showed 
signifi cant improvement, especially those with 
lower doses. Although patients had AE, those 
were less prevalent than with previous medica-
tions [ 69 ].    

19.3     Conclusion 

 In recent years, the anxiolytic properties of many 
medications with different mechanisms of action 
have been investigated in the treatment of PD. 
Based on knowledge of PD pathophysiology, 
medications with serotonergic, noradrenergic 
and GABAergic actions have been tested. 

 Besides SSRI, TCA and BZD, venlafaxine is 
the only medication with a greater number of 
controlled studies and favorable evidences sup-
porting its use in PD treatment. In addition to the 
higher number of evidence related to effective-
ness, venlafaxine is also a well-tolerated drug. 

Owing to these characteristics, this  antidepressant   
is considered as fi rst-line treatment in PD guide-
lines as well as SSRI. 

 TCA are considered second line treatments in 
guidelines because of AE. Other medications 
with controlled data and positive results are mir-
tazapine, reboxetine, moclobemide and tranylcy-
promine. These medications have less evidence 
and usually more AE than fi rst-line medications. 
Highlighting that reboxetine seems to be less 
effective than SSRI and less tolerated and that 
moclobemide may be less effective than fl uox-
etine and clomipramine but is as well tolerated as 
fl uoxetine. In addition, it is important to consider 
that tranylcypromine requires dietary restrictions 
to prevent AE. Therefore, those antidepressants 
are the options with more scientifi c evidence and 
with better results  a     fter SSRI, venlafaxine, ben-
zodiazepines and TCA for PD treatment. 

 Current studies presents preliminary evidence 
for the use of the antidepressants duloxetine, 
nefazodone, milnacipran, phenelzine and agome-
latine as well as the anticonvulsant valproic acid 
and its derivatives and the antipsychotics risperi-
done, olanzapine and sulpiride for the treatment 
of PD. These medications seems to have anti-
panic properties but there are few and uncon-
trolled studies with small sample sizes. Therefore, 
there are insuffi cient scientifi c evidence until 
now but these medications are promising for PD 
treatment. It is also important to evaluate medica-
tion tolerability. At this point of view, antipsy-
chotics usually have more  side effects   and it may 
be more interesting to use them as an augmenta-
tion strategy. Trazodone has controversial evi-
dence and needs further investigation. Medi ca tions 
like tianeptine, gabapentine, tiagabine and aripip-
razol have little and negative data. Except by one 
study that showed improvement of PD patients 
severely ill with gabapentin but needs to be repli-
cated. Pregabaline and quetiapine have not been 
studied yet for PD treatment. 

 Currently, there is no consensus about the def-
inition of concept and management of  treatment- 
resistant   PD. In relation to pharmacological 
treatment, the strategies after the failure of the 
fi rst treatment choice after an adequate trial are 
augmentation or switching. However, there is 
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little evidence of the sequence to be followed 
regarding medication choice because most medi-
cations have been little studied. However, in 
cases of resistant PD and based on available lit-
erature, after SSRI, venlafaxine, TCA and ben-
zodiazepines, the following choices should be 
mirtazapine, reboxetine, moclobemide or tranyl-
cypromine. After trying these antidepressants or 
in case of augmentation, the options would be 
valproic acid and derivates, risperidone, olanzap-
ine or sulpiride. 

 In view of this limited knowledge, more stud-
ies are needed to better defi ne the effectiveness 
and tolerability of medications for PD. Short and 
long-term studies comparing new and old drugs 
should be performed. It is also very important to 
standardize criteria for  treatment-resistant   PD 
and study treatment strategies for this disorder. 
For the moment, it is important to use existing 
scientifi c evidences regarding effectiveness, tol-
erability and safety, combined with clinical expe-
rience to design a rational treatment sequence for 
PD patients.     
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