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Abstract

Splenic injuries are mostly treated with nonoperative management (NOM) with observation to monitor for con-
tinued hemorrhage and holding early chemical DVT prophylaxis to reduce the risk of NOM failure. Eberle et al
demonstrated chemoprophylaxis prior to 72 hours didn’t increase failure rate of NOM. We chose to extrapolate
this finding and compare outcomes in high-grade splenic injuries (HGSI) with chemoprophylaxis before and after
48 hours. From January 2013 to December 2017, 104 patients with HGSI received chemoprophylaxis with unfrac-
tionated heparin (UH) or low molecular weight heparin (LMWH) within 72 hours of diagnosis. Of these, 8 patients
received chemoprophylaxis within 24 hours, 46 between 24 and 48 hours, and 50 patients between 48 and 72
hours. This population consisted of 70 males and 34 females, with an average age of 40.| years. The average ISS
was 23 and the majority (77%) were grade 3 injuries. We observed 6 failures of NOM: | in the <24 hour group, 3
in the 24-48 hour group, and 2 in the 48-72 hour group. There was no statistically significant difference between
the <24 hour and >24 groups or between the <48 hour and 48-72 hour groups. A linear regression analysis cre-
ated a model describing the time to initiation of DVT prophylaxis using age, sex, splenic injury grade, and ISS; the
failure rate decreased by 0.00002% for each hour prior to giving DVT prophylaxis, with a P value of .111. We
conclude a noninferiority statement that DVT prophylaxis prior to 48 hours does not increase the risk of NOM
failure.
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Background ongoing bleeding and allowing the injury to form a clot
and heal spontaneously. However, this is in direct opposi-

Abdominal trauma contributes a significant amount to tion to preventing deep venous thrombosis (DVT) or pul-
healthcare-associated costs both in the US and world-  monary embolism in trauma patients.

wide, with 30% of polytraumatized patients having an Trauma populations have been extensively studied and
intra-abdominal injury.l Of these injuries, more than half are known to enter a hypercoagulable state secondary to
of them involve the spleen, and more than 40000 splenic
injuries occur annually in the US.? If the patient is hemo-
dynamically stable and has no evidence of ongoing bleed-
ing, the standard treatment is observational with
nonoperative management (NOM).>* Based on current
literature, the success rate of NOM approaches 90% in ~ Corresponding Author: i
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343 patients with HGSI

148 underwent splenectomy

v

155 patients undergoing
NOM

v

40 underwent splenic embolization

51 patients with DVT

v

104 patients with DVT
proohvlaxis <72 hours

v

v

proohvlaxis >72 hours

46 patients with

DVT prophylaxis

between 24 and
48 hours

8 patients with
DVT prophylaxis
<24 hours

50 patients with

DVT prophylaxis

between 48 and
72 hours

Figure |. Table | Study outline. DVT, deep venousthrombosis; HGSI, high-grade splenic injuries; NOM, nonoperative management.

alterations in Virchow’s triad, with rates of DVT cited as
12%-65%.% A Cochrane review found that chemical pro-
phylaxis for DVTs with either unfractionated heparin (UH)
or low molecular weight heparin (LMWH) reduced the
number of DVTs in trauma populations, but did not demon-
strate a decrease in mortality or incidence of pulmonary
embolism.” This supports current guidelines from Eastern
Association for the Surgery for Trauma and American
College of Chest Physicians recommending thrombopro-
phylaxis in trauma patients. However, the timing of initia-
tion of thromboprophylaxis has not been determined.
Eberle et al demonstrated that initiating LMWH before 72
hours did not increase the failure rate of NOM or blood
transfusion requirements.® This was consistent with a previ-
ous analysis that compared early initiation within 48 hours
to later initiation after 48 hours.”

Due to the paucity of studies evaluating the initiation of
chemical thromboprophylaxis, we chose to change our
institutional protocols and evaluate our patient population
to determine if <48 hours from initial trauma was a safe
time period for initiating chemical thromboprophylaxis. We
specifically examined outcomes for high-grade splenic
injuries (HGSI), grade 3-5, as they are at higher risk of
NOM failure. We hypothesized that initiating chemical
thromboprophylaxis with either LMWH or UH in patients
less than 48 hours after initial trauma in patients with HGSI
would not increase the failure rate of NOM.

Methods

Patient Selection

We changed our institution’s protocol in January 2013 of
holding DVT prophylaxis with either UH or LMWH in
patients with HGSI for 72 hours after injury to an abbre-
viated time frame of less than 48 hours after injury if they
were medically cleared to receive DVT prophylaxis, or
sooner if determined clinically appropriate by the attend-
ing surgeon. Concurrently, a 4-year nonrandomized open
study was conducted on patients with the abbreviated
DVT prophylaxis protocol. These patients were collected
prospectively through our institution’s trauma quality
improvement program (TQIP) database based on the fol-
lowing criteria: splenic injury grades 3-5 diagnosed on
computed tomography (CT) scan, aged 18-99. The
amount of anatomical disruption and hemorrhage was not
quantified for inclusion into this study.

Exclusion Criteria

We excluded patients with grades 1-2 splenic injuries
diagnosed on diagnostic imaging and patients who were
taken immediately to the operating room or interven-
tional radiology, defined as within 4 hours of arrival to the
hospital.
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Table I. Estimates for Failure Rates of Spleen DVT for Time of Treatment.

Model number

0 2) A3) 4 (5) Robust
Time —.0008273 —.0024982 —.0022571 —.002243 —.002243
(.0007724) (:0016056) (:0015315) (.0015359) (.0013943)
Age, years .0019004 0017008 0016501 .0016501
(.0013489) (.0012866) (.0012925) (.0011868)
Sex (I = male, 0 = female) 0129402 0405433 .0400967 .0400967
(:049191) (.0475913) (.0477305) (.0532192)
Injury grade 1192958 .1077483 .1077483
(.0357147) (.0397997) (.0564186)
ISS .001545 .001545
(.0023222) (.0023802)
Constant .1004816 .088422 —.3347917 —.3299467 —.3299467
(:0472741) (.088422) (1574912) (.1581042) 0.2176346
N 104 104 104 104 104
R? .02 .04 14 14 14

Abbreviations: DVT, deep venous thrombosis; ISS, Injury Severity Score.

Study Design

All patients with HGSI who are hemodynamically stable
(vital signs consistent with grade I hemorrhagic shock)
were admitted with a NOM protocol that included inten-
sive care unit (ICU) observation, frequent laboratory
monitoring, close clinical monitoring, and physical
examination. Depending on their other traumatic injuries,
they would be eligible to receive DVT prophylaxis after
48 hours if they remained hemodynamically stable and
their laboratory and clinical exam did not warrant inter-
ventional procedures to treat continued splenic hemor-
rhage. If they remained clinically and hemodynamically
stable, then they were discharged after at least 72 hours of
observation in the hospital with close clinic follow-up
(Figure 1).

Our primary endpoint was failure of NOM in patients
who had already received DVT prophylaxis, and we com-
pared 2 population groups in our initial patient popula-
tion: patients who received DVT prophylaxis less than 48
hours after injury and patients who received DVT pro-
phylaxis later than 48 hours after injury. Our secondary
endpoints were age, average injury severity score (ISS),
splenic grades, and gender. We defined failure of NOM as
operative or interventional radiology procedures greater
than 6 hours after admission to the hospital.

Statistical Analysis

Statistical significance (P < .05) was tested through both
a t test analysis and y* analysis comparing the failure rates
between patients who received DVT prophylaxis within
48 hours of admission and those who received it between

48 and 72 hours. Similar analyses were conducted com-
paring the failure rates between patients receiving DVT
prophylaxis less than 24 hours, between 24 and 48 hours,
and between 48 and 72 hours. Failure of NOM was
defined as a patient requiring a splenectomy or splenic
artery embolization. Lastly, a simple linear regression
was used to create a model to describe the time to initia-
tion of DVT prophylaxis, using age, sex, splenic injury
grade, and ISS as covariates. This analysis was performed
with STATA software.

Results

During our study period of January 2014 to July 2017, a
total of 343 patients were identified with HGSI; 148
(43.1%) proceeded to splenectomy within 4 hours of
admission, and 40 (11.7%) of them proceeded to splenic
artery embolization by our interventional radiology col-
leagues. This resulted in 155 patients (45.2%) remaining
in the initially managed NOM group. This group was fur-
ther separated into a group that received DVT prophy-
laxis within 72 hours and a group receiving DVT
prophylaxis after 72 hours, as we wanted to focus on ear-
lier initiation of DVT prophylaxis. The group who
received DVT prophylaxis within 72 hours of admission
resulted in 104 patients; 8 patients received DVT prophy-
laxis within 24 hours of admission, 46 patients between
24 and 48 hours, and 50 patients between 48 and 72
hours. The decision for the timing of initiation was based
on the patient’s clinical picture and the discretion of the
attending surgeon.
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Our patient population consisted of 104 patients who
received DVT prophylaxis less than 72 hours from diag-
nosis of a HGSI, 70 (67.3%) were males and 34 (32.7%)
were females. The average age was 40.1 years old; the
average age for males was 38.9 years and the average age
for females was 42.5 years. The average ISS was 23, and
the average splenic injury grade was 3.37. There were 74
(71.1%) grade 3 splenic injuries, 22 (21.2%) grade 4
splenic injuries, and 8 (7.7%) grade 5 splenic injuries.

The failures consisted of 1 (12.5%) patient in the <24-
hour group, 3 (6.5%) in the 24-48-hour group, and 2 (4%)
in the 48-72-hour group. A t test analysis of the failure
rates between the <24-hour group and the >24 hour group
were not statistically significant (P value of .40). In com-
paring the failure rates of patients receiving DVT prophy-
laxis in less than 48 hours and between 48 and 72 hours,
there was a failure rate of 7% and 4%, respectively.

A chi square analysis of the failure rates between
patients receiving DVT prophylaxis <48 hours and
between 48 and 72 hours demonstrated a P value of .457.
The failure rates of patients receiving DVT prophylaxis
<24 hours and >24 hours were also not statistically sig-
nificantly different (P value of .395).

A linear regression analysis was performed, creating a
model for the estimates for failure rates using age, sex,
injury grade, and ISS as covariates. The fifth model cre-
ated demonstrated an R? of 0. 14, and identified a decrease
in failure rate by .0002% for each hour that passed prior
to giving DVT prophylaxis, with a P value of .111.
(Table 1)

Discussion

This study evaluated the safety of DVT prophylaxis in
HGSI in less than 48 hours. Through statistical analyses,
we demonstrated that there was no statistically significant
difference between failure rates of patients receiving
DVT prophylaxis in less than 48 hours and 48-72 hours.
From this, we propose a noninferiority statement that ini-
tiation of DVT prophylaxis within 48 hours does not
increase the rate of failure when compared to patients
receiving DVT prophylaxis between 48 and 72 hours. We
split our patient population into a subgroup and evaluated
the rate of failure in patients who had DVT prophylaxis
initiated in less than 24 hours compared to those initiated
between 24 and 72 hours, and this also resulted in a non-
statistically significant difference.

Our linear regression model demonstrated that the rate
of failure only decreased by .002% for each hour that
passed prior to initiating DVT prophylaxis in HGSI. This
suggests that the timing of DVT prophylaxis initiation is
not strongly correlated with increased rate of failure and
implies that there is a negligible difference prolonging
DVT prophylaxis initiation to 48 hours or later.

One of the limitations in our study is our sample size.
With only 104 patients, it limits our ability to generalize it
to the trauma population as a whole. The low rate of failures
after initiating DVT prophylaxis observed at our institution
also limits the power of our study. Further studies can con-
tinue to observe a larger sample size of patients to elucidate
the true safety of initiating DVT prophylaxis prior to 48
hours, and even within 24 hours of injury.

Another limitation is the selection bias created by
determining failure of NOM based on procedural inter-
vention, which was determined based on the surgeon’s
decision to pursue such measures. These decisions were
not made based on specific criteria endpoints, but rather
based on the patient presentation as a whole with their
vital signs and laboratory values, leading to variability in
timing and occurrence of interventions.

Our findings correlate and reaffirm those previously
documented by Alejandro et al’ and similar results in the
literature.'®!! Based on these studies and our own data,
we suggest that DVT prophylaxis can be safely given to
patients with HGSI prior to 48 hours after injury. We also
postulate that it might be safe to give within 24 hours of
injury, but this requires further research to evaluate, as we
had a small sample size for the <24 hour group.
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