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Purpose: Deep vein thrombosis (DVT) is common among the severely injured and may
lead to pulmonary embolism (PE), which can be life threatening. Thromboprophylaxis may
reduce the incidence of venous thromboembolism (VTE); it does not guarantee complete
protection. This study’s primary aim was to determine the incidence and nature of lower-limb
DVT in polytrauma patients taking prophylaxis. The secondary objective was to assess the
incidence of DVT-related complications, including the development of PE and death.
Patients and Methods: This prospective observational study included patients age 18
years or older who presented with polytrauma directly from the scene and were admitted into
the trauma unit between March 1, 2020 and August 31, 2020. All patients underwent lower-
limb ultrasound during their hospital course to diagnose DVT.

Results: A total of 169 patients underwent extremity Doppler ultrasound to detect DVT. Of
these, 69 patients (40.8%) were considered at the highest-risk for VTE development. For
VTE prophylaxis, 115 patients (68%) received pharmacologic agents, and 54 patients (32%)
had intermittent pneumatic compression on admission. Three patients (1.8%) developed
DVT despite prophylaxis. Four patients (2.4%) developed PE during the index presentation
and were diagnosed between days 3 and 13 after injury. Early DVT was not detected in any
patients with diagnosed PE. Overall, nine patients (5.33%) died, but no in-hospital deaths
were related to DVT and/or PE.

Conclusion: The incidence of DVT in polytrauma patients remains low in our small series,
perhaps because of the mandatory VTE risk assessment for all hospitalized patients and the
early initiation of prophylaxis. Using a trauma center registry to measure DVT and PE
incidence regularly is recommended to improve trauma care quality.

Keywords: venous thromboembolism, deep vein thrombosis, pulmonary embolism, wounds

and injuries, doppler ultrasonography, heparin

Introduction

Deep vein thrombosis (DVT), a common type of venous thrombosis, and its
complication, pulmonary embolism (PE), can be life threatening. In the United
States, 187,000 people age 45 years or older are newly diagnosed with venous
thromboembolism (VTE) each year."! The annual incidence of VTE ranges from
1.69 to 1.98 per 1000 in the general population, including annual DVT and PE
incidences of 1.24 and 0.6 per 1000 per year, respectively.” After a trauma, the
incidence of VTE varies from 7% to 58%, depending on patient demographics,
mechanism of injury, diagnoses, and type of VTE prophylaxis used.’ The
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association between trauma, particularly lower-extremity
fractures, and VTE has been recognized for almost
a century. Several autopsy studies have confirmed the
relationship between injury and VTE, even when VTE
was not diagnosed premortem.*> In 1967, Freeark et al®
demonstrated with a venogram that 35% of patients with
fractures develop venous thrombosis. The asymptomatic
thrombus formation was observed within 24 h of injury,
both in the injured and the uninjured limbs.°

The endothelial injury, stasis of blood flow, and hyper-
coagulability known as Virchow’s triad plays an essential
role in thrombus formation. Notably, severe trauma often
precipitates one or all of these risk factors, which increases
the risk of VTE.” Intimal damage caused by direct injury
to the vessels leads to thrombosis. Prolonged bed rest,
immobilization, hypoperfusion, and paralysis caused by
trauma promote venous stasis.® Most trauma patients are
also in a hypercoagulable state at admission. The rate of
DVT doubles in such patients despite prophylaxis.” Severe
trauma also activates the prothrombotic state, which con-
tributes to thrombus formation.'®

Using different types of VTE prophylaxis—mechanical
or pharmacologic—for trauma patients is currently the
standard practice. Early commencement of VTE prophy-
laxis may not be possible in high-risk multi-trauma
patients. Examples of these high-risk situations include
lower limb fractures with plaster, severe head trauma,
high-grade abdominal organ injury, or excessive bleeding.
For patients with high-risk major trauma, the American
(ACCP)
mechanical prophylaxis, preferably with intermittent pneu-

College of Chest Physicians recommends
matic compression (IPC), when not contraindicated by
lower-extremity injury. They suggest adding pharmacolo-
gic prophylaxis, such as low-molecular-weight heparin
(LMWH) or unfractionated heparin (UFH), when the risk
of bleeding diminishes or the contraindication to heparin
resolves (grade 2C). They discourage periodic surveillance
with venous compression ultrasound or insertion of an
inferior vena cava (IVC) filter for the primary prevention
of VTE (grade 2C). They also recommend continuing the
VTE prevention in the hospital until patients are ambula-
tory. Patients who undergo major orthopedic surgery may
need extended thromboprophylaxis in the outpatient period
for up to 35 days after the day of surgery (grade 2B). In
chronically immobilized persons residing at home or in
a nursing home, the ACCP guidelines suggest against the
routine use of thromboprophylaxis (grade 20).!"

This study’s primary aim was to determine the inci-
dence and nature of lower-limb DVT in polytrauma
patients on VTE prophylaxis. The secondary objective
was to assess DVT-related complications, including the
development of PE or death.

Patients and Methods

Settings

King Saud Medical City (KSMC) is a tertiary care center
with a capacity of 1400 inpatients beds. A dedicated trauma
unit manages all patients admitted for polytrauma.'? The
trauma unit admits 50-70 patients with polytrauma per
month. According to the hospital policy, all patients must
have a VTE risk assessment before admission to the hospital
and must start VTE prophylaxis according to the recommen-
dation unless otherwise contraindicated. The attending phy-
sician fills out the VTE risk assessment form electronically
in the hospital information system (Medisys).

Design

This prospective, observational study included patients age
18 years or older presenting with polytrauma directly from
the scene and admitted to the trauma unit between
March 01, 2020, and August 31, 2020. The study excluded
patients transferred from another facility, because they
spent a variable period before transfer to KSMC and had
an unknown prophylaxis status. Also, non-Saudi patients
without insurance coverage who could not pay the addi-
tional cost associated with ultrasounds or who did not
consent to the procedure were excluded from the study.

VTE Risk Assessment Tool

An expert panel led by the Saudi Association for Venous
Thromboembolism (a subsidiary of the Saudi Thoracic
Society), with methodological guidance from the
McMaster University Guideline Working Group, adopted
a VTE risk assessment tool from a validated Caprini risk
assessment model and developed a clinical practice guide-
line to assist healthcare providers in VTE prevention as
part of a Saudi Ministry of Health initiative to improve
medical practices in the Kingdom (Figure 1).'* Using this
evaluation and the VTE risk scores, the patients were
classified as having a low risk (risk score, 0-2),
a moderate- to high- risk (risk score, 3—6), or the high-

est-risk (risk score > 7) for VTE (Figure 1).
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VTE RISK ASSESSMENT & PROPHYLAXIS

STEP 1: Perform Risk Assessment : Complete on Admission to Unit. Choose ALL that apply from each section

RI

SK FACTORS

Section |: Age related risk factors

Section IV: Mobility related risk factors

O Age 41-60 years (1pt.)
Q Age 61-74 years (2 pts.)
Q Age: > 75 years (3 pts.)

Q Currently on bed rest or restricted mobility (1pt.)
Q Bed bound for more than > 72 hrs (2 pts.)
O Immobilizing plaster cast (2 pts.)

ISection II: Disease related risk factors

|Section V: Female Specific risk factors

Q Sepsis / Pneumonia , <1 month (1 pt.)

Q Chronic Lung Disease, (COPD & other respiratory disease) (1 pt.)
Q Abnormal Pulmonary Function Test , PFTs (1 pt.)

Q Stroke , within past month (5 pts)

Q Swollen legs ,current (1 pt.)

Q Varicose veins (1 pt.)

QO Acute myocardial infarction (1 pt.)

Q Congestive heart failure , < 1 month (1 pt.)

Q Central venous access (2 pts.)

Q History of inflammatory bowel disease (1 pt.)

Q Pregnant or post-partum, <1 month (1pt.)
Q Oral contraceptives or hormone Replacement therapy (1pt.)
Q History of unexplained / recurrent spontaneous abortion 22 (1pt.)

|Section VI: Surgery related risk factors

Q Minor Surgery (1pt.)

Q Major surgery, in the past month (1pt.)

Q Arthroscopic Surgery (2 pts.)

Q Laparoscopy Surgery, >45 minutes (2 pts.)
QO Major open surgery, >45 minutes (2 pts.)

Section lll: Hematology related risk factors

Q Major surgery lasting 2-3 hours (3 pts)

Q History of DVT /PE (3 pts)

Q Family history of VTE (3 pts)

Q Sickle cell anemia (3pts)

Q Elevated serum homocysteine (3 pts)

Q Positive Factor V Leiden (3 pts)

OHeparin-induced thrombocytopenia - HIT (3 pts)

Q Prothrombin 20210A (3 pts)

Q Lupus anticoagulant, (Systemic Lupus Erythematous- SLE), others
CTD (3 pts)

Q Anticardiolipin antibodies (3 pts)

Q Previous Cancer (2pts)

Q Active Cancer (3 pts)

Q Other congenital or acquired thrombophilia (3 pts)

HIT score 3, referred directly for consultation o Hematoloay upon admission

Q Elective major lower extremity arthroplasty (5pts)

Q Hip OR knee replacement surgery (7pts)

QBariatric Surgery:
0 BMI < 50 kg/m2
0 BMI 250 kg/m2

OJEnoxaparin 40 mg SubCut BID, OR special order
[ Enoxaparin 60 mg SubCut BID, OR special order

Section VII: Trauma related risk factors

0 Acute spinal cord injury - paralysis , within the past month (5 pts.)
0 Multiple trauma, within past month (5pts)
Q Hip, pelvis or leg fracture, the past month (5pts)

Section VIII: Weight (BMI) related risk factors

0 Obesity BMI 24 - 39 Kg/m2 (1pt.)
QObesity BMI =40 Kg/m2 (7pts)

Total Risk Factor Score

[ Patient on therapeutic dose / any anti-coagulant
SKIP STEP 2. PROCEED TO THE ADMISSION

(Re assessment can be done once t P it is completed)
Re assessment recommended QYES UNO

STEP 2: Click below prophylaxis modality based on the risk score

IRisk Score: 0-2 ( Low Risk)
Q Early Ambulation CrCl > 30 ml/min

CrCl < 30 ml/min

Risk Score: 3 -6 (Moderate to High risk)
QO Enoxaparin 40 mg SubCut Daily
QO Heparin 5000 [U SubCut TID

Risk Score =2 7 (Highest risk)

Pharmacological agent + IPC or AES

CrCl > 30 ml/min Q Enoxaparin 30 mg SubCut BID
CrCl < 30 ml/min Q Heparin 5000 IU SubCut TID

PROPHYLAXIS SAFETY

CONSIDERATION:

Factors Associated with Increase Bleeding after
using prophylactic anti-coagulation

Contraindications of Mechanical prophylaxis
Intermittent Pneumatic Compression (IPC) or Anti-embolism
stockings(AES)

Q significant active bleeding

0O Heparin-induced thrombocytopenia - HIT (current / history)
Q Platelet count < 50,000 /mm3

0 Creatinine Clearance CrCl < 30 ml/min

Q patient have severe peripheral arterial disease
Q patient have Congenital Heart Failure (CHF)
Q patient have an acute superficial /deep vein thrombosis

If MRP decide not to give prophylactic Anti-coagulant for h

igh risk group either because of contraindication or for any other

reason, please specify and use mechanical prophylaxis if appropriate.

MRP Name:

Date & Time :

Figure | VTE risk assessment and prophylaxis.
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VTE Prophylaxis

Pharmacologic prophylaxis was prescribed for all patients
as per the recommendation of the VTE risk assessment
tool immediately on admission. Patients with moderate- to
high-risk received enoxaparin 40 mg subcutaneously daily.
Patients in the highest-risk group received enoxaparin
doses of 30 mg twice daily in addition to IPC. When the
patient’s creatinine clearance was < 30 mL/min or when
enoxaparin was contraindicated (eg, pregnancy), the
patient received 5000 IU of UFH subcutaneously three
times daily (Figure 1)."> If pharmacologic prophylaxis
was not possible on admission because of bleeding risk
or active bleeding, mechanical prevention with an IPC
device was applied. The pharmacologic agent was com-
menced when bleeding risk was minimized within 72 h of
admission. The IPC was discontinued for patients with
moderate- to high-risk group but continued in the high-
est-risk group. VTE prevention measures were continued
in the hospital until the patient was ambulatory. After
major orthopedic surgery, prevention continued up to 35
days after surgery. Prophylaxis was used during the entire
hospital stay in chronically immobilized patients but was
discontinued upon discharge to home or to a nursing

home.!!

Bleeding Risk Assessment

Bleeding risk was assessed before pharmacologic VTE pro-
phylaxis began. A patient was considered at high risk for
bleeding if there was evidence of active bleeding, severe
traumatic brain injuries with intracerebral hemorrhage, or
high-grade intraabdominal solid organ injuries (grade II or
above according to the American Association for the Surgery
of Trauma injury scoring scales); if there was a history or
current evidence of heparin-induced thrombocytopenia; or if
the platelet count was < 50,000/mm’ (Figure 1)."?

VTE Treatment

Patients with diagnosed DVT and/or PE received therapeutic
anticoagulation with enoxaparin (1 mg/kg body weight twice
daily) or UFH infusion (initial bolus of 80 units/kg followed
by 18 units/kg/h [grade 2C])."" After the patient was able to
take oral medications, enoxaparin or UFH was converted to
an oral anticoagulant, such as apixaban 10 mg twice daily for
1 week and then 5 mg twice daily for a total of 3 months
after the diagnosis (grade 2B).'* Additional evaluation and
treatment were decided by the treating physician in the

outpatient department. Thrombolytic therapy was considered
for the PE with hypotension (grade 2B)."*

Data Collection, Instruments Used, and

Measurements

All patients who met the inclusion criteria had the first
mandatory ultrasound of lower limbs within 48 h of
admission to identify any early DVT evidence. The
next follow-up ultrasound of the lower limbs occurred
after 1 week. Subsequent follow-up ultrasounds were
performed if there was clinical suspicion of DVT such
as limb swelling, fever, or tenderness, during the hospital
stays. CT angiogram of the chest was performed to
diagnose and confirm PE on the basis of clinical suspi-
cion and bedside investigation findings. PE was sus-
pected in the case of unexplained hypotension, sudden
respiratory deterioration requiring mechanical ventila-
tion, a sudden requirement of high ventilatory settings,
hypoxia in arterial blood gas, changes in a chest radio-
graph, high D-dimer, ECG changes, or right ventricular
dilatation on echocardiogram. The patients who were
diagnosed with PE had an additional lower-limb ultra-
sound to rule out the development of an associated DVT,
irrespective of clinical signs. Patients who tested positive
for DVTs did not undergo routine CT chest angiograms
unless clinical signs and symptoms of PE developed,
because these patients were already on therapeutic antic-
oagulation as a treatment for VTE.

We measured data related to demographics, age, gen-
der, nationality, mechanism of injury, baseline character-
istics on presentation to the emergency department,
associated risk factors, comorbidities, surgeries, injury
severity score (ISS), ICU admissions, length of hospital
stay, VTE risk score and category, VTE incidence, deaths
and DVT prophylaxis used. All data were extracted by
a single investigator using a detailed chart review and
were verified by a second investigator using the chart
review methodology described by Gilbert et al.'”

The primary goal was to determine the incidence and
nature of lower-limb DVT (above or below the knee) in
patients with polytrauma. The secondary aim was to report
VTE-associated complications, such as PE or death.
A VTE-related death was defined as a death caused by
confirmed PE with or without pre-existing DVT. Deaths
related to injury or complications other than PE, such as
coagulopathy, acute respiratory distress syndrome, multi-
organ failure, or septicemia, were excluded.
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Statistical Analysis

The data were subgrouped by VTE risk into a moderate- to
high-risk group and a highest-risk group. Demographics,
mechanism of injury, baseline injury characteristics on
admission, associated risk factors, comorbidities, sur-
geries, ICU admission, ISS, duration of hospital stay,
VTE incidence, and deaths were compared between the
two subgroups. The continuous and normally distributed
data were summarized using means (and standard devia-
tions [SD]) and were compared using Student’s #-test.
Skewed and ordinal data (eg, Glasgow Coma Scale) were
summarized using medians (interquartile ranges [IQRs])
and were compared using the nonparametric Mann—
Whitney U-test. Countable data were summarized using
proportions (%) and were compared using the nonpara-
metric chi-squared test. A p value of < 0.05 was consid-
ered significant.

Ethics

The experiment protocol for involving human data fol-
lowed national/international/institutional guidelines and
the Declaration of Helsinki. The study was approved by
the institutional review board of King Saud Medical City
(reference number: HIRI-03-Oct18-03). Informed consent
from the patient or legal guardian was obtained for study
participation.

Results

We recruited 169 patients who underwent lower-extremity
Doppler ultrasound on admission and at 1 week and who
were observed until hospital discharge. Most patients were
young (mean age, 38.1 years), were male (88.2%), and had
sustained blunt trauma (96.5%); these characteristics are
consistent with the demographics of trauma patients in
Saudi Arabia. Sixty-nine patients (40.8%) were considered
at the highest-risk for VTE development.

The highest-risk group had a statistically significantly
lower coma scale (median, 15 vs 10; p = 0.002), higher
heart rate (mean, 92.4 vs 99 bpm; p = 0.013), lower
hemoglobin level (mean, 11.9 vs 10.9 g/dL; p = 0.007),
and more frequent red cell transfusion (10% vs 27.5% of
patients; p = 0.003). The highest-risk group of patients
also had significantly higher ISS (p < 0.000), greater rates
of ICU admission (41% vs 66.7%; p = 0.001), and more
extended hospital stays (20.8 vs 33.2 days; p = 0.000) than
the moderate- to high-risk group. A total of 92 patients
(54.4%) required single or multiple surgeries. Of these, 85

patients (92.4%) began prophylaxis preoperatively, and
seven patients (7.6%) began prophylaxis postoperatively
because they required immediate surgery for damage con-
trol. In the entire cohort, 32 patients (18.9%) had lower-
extremity fractures. A total of 22 patients (13%) received
35 days of prophylaxis from the day of major orthopedic
and pelvic surgeries. Some patients presented with comor-
bidities: 16 patients (9.5%) had hypertension, 12 (7.1%)
had diabetes, and six (3.6%) had ischemic heart disease.
Patients who had a history of ischemic heart disecase were
receiving antiplatelet therapy, and at discharge no
extended prophylaxis beyond their regular chronic medi-
cations (including antiplatelet therapy) was prescribed for
these patients. No patients had a history of oral contra-
ceptive use, a history of prior DVT and/or PE, or a family
history of VTE before admission. The demographics, age,
gender, nationality, mechanism of injuries, baseline char-
acteristics on presentation to the emergency department,
associated risk factors, comorbidities, surgeries, ISS, ICU
admission, hospital length of stay, VTE incidence, and
deaths for the moderate- to high-risk and the highest-risk
groups are listed in Table 1.

A total of 115 patients (68%, 95% CI = 0.61-0.75)
received pharmacologic agents for VTE prophylaxis; 54
patients (32%, 95% CI = 0.25-0.39) underwent IPC on
admission (Table 2). The mean durations of use for
a pharmacologic agent and IPC prophylaxis were 25.9
days (SD, 22.3 days) and 14.7 days (SD, 11.2 days),
respectively. A total of seven VTE events (4.2%, 95% CI
= 0.02-0.08) were reported. Only three events (1.8%, 95%
CI = 0.00-0.05) were detected by DVT; of these, one
occurred in a patient in the moderate- to high-risk group,
and two occurred in patients at the highest-risk for DVT
development. All patients who were positive for DVT
received pharmacologic prophylaxis. All patients with
DVT events were asymptomatic on admission and at 1
week. One patient was symptomatic on day 21, and DVT
was confirmed by lower-limb Doppler ultrasound. Two
instances of DVT occurred above the knee, and one patient
presented with DVT both above and below the knee. There
were no additional diagnoses of DVT at hospital discharge.
Four patients (2.4%, 95% CI = 0.01-0.06) were diagnosed
with PE during the index presentation. All PE occurrences
were diagnosed between 3 and 13 days after injury. Early
DVT was not detected in any of the patients with
a diagnosed PE. No bleeding events were reported in this
series. The characteristics of patients who tested positive
for DVT and PE are described in Table 3. In this cohort,
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Table | The Demographics, Mechanism of Injuries, Baseline Characteristics on Presentation to the Emergency Department,
Associated Risk Factors, Comorbidities, Surgeries, ISS, ICU Admission, Hospital Length of Stay, VTE Incidence, and Deaths for the
Moderate- to High-Risk and the Highest-Risk Groups

Variables Total (n=169) Moderate- to High Risk for | The Highest-Risk for p-value
VTE (n=100) VTE (n=69)
Age (mean years, SD) 38.1 (14.7) 34.7 (10.9) 42.9 (17.8) p=0.000*
Sex p=0.936
Male sex (%) 149 (88.2%) 88 (88%) 61 (88.4%)
Female sex (%) 20 (11.8%) 12 (12%) 8 (11.6%)
Nationality: p=0.128
Saudi (%) 101 (59.8%) 55 (55%) 46 (66.7%)
Non-Saudi (%) 68 (40.2%) 45 (45%) 23 (33.3%)
Mechanism of injury: p=0.800
Motor vehicle accident (%) 146 (86.4%) 85 (85%) 61 (88.3%)
Low fall (<Imeter, %) 3 (1.8%) 2 (2%) 1 (1.5%)
High fall (>1 meter, %) 12 (7.1%) 7 (7%) 5 (7.2%)
Assault (%) 2 (1.2%) I (1%) 1 (1.5%)
Penetrating (%) 6 (3.5%) 5 (5%) 1 (1.5%)
GCS (median, IQR) 14 (8-15) 15 (9-15) 10 (7-15) p=0.002*
SBP (mean mmHg, SD) 119.5 (20.5) 119.3 (18.4) 119.8 (23.8) p=0.431
HR (mean beat/min) 95.1 (19) 92.4 (18.8) 99 (18.7) p=0.013*
Shock Index (HR/SBP) 1.2 (5.0) 1.4 (6.5) 0.9 (0.3) p=0.242
Hemoglobin (mean g/dL, SD) 1.5 (2.5) 11.9 (2.3) 10.9 (2.7) p=0.007*
Lactate (mean mmol/L, SD) 2.6 (1.6) 2.5 (1.4) 2.8 (1.9) p=0.136
INR (mean, SD) 1.1 (0.2) 1.03 (0.23) 1.09 (0.24) p=0.089
PH (mean, SD) 7.35 (0.08) 7.36 (0.08) 7.34 (0.09) p=0.112
HCO3 (mean, SD) 21.8 (3.7) 22.1 (3.2) 21.3 (4.3) p=0.096
Base deficit (mean, SD) -1.9 (3.5) —-1.8 (3.6) -2.1 (34) p=0.273
Red cell transfusion in ED (%) 29 (17.2%) 10 (10%) 19 (27.5%) p=0.003*
Intubated (%) 78 (46.2%) 39 (39%) 39 (56.5) p=0.025*
BMI >24 (%) 29 (17.2%) 13 (13%) 16 (23.2%) p=0.084
History of antiplatelet therapy (%) | 6 (3.6%) 2 (2%) 4 (5.8%) P=0.190
Comorbidities:
Hypertension (%) 16 (9.5%) 10 (10%) 6 (8.7%) p=0.775
Diabetes (%) 12 (7.1%) 6 (6%) 6 (8.7%) p=0.502
Ischemic heart disease (%) 6 (3.6%) 2 (2%) 4 (5.8%) p=0.190
Previous stroke (%) 0 0 0 Invalid
Cancer (%) 0 0 0 Invalid
Surgeries:
Number of patients (%) 92 (54.4%) 49 ((49%) 43 (62.3%) p=0.087
(Continued)
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Table | (Continued).

Variables Total (n=169) Moderate- to High Risk for | The Highest-Risk for p-value
VTE (n=100) VTE (n=69)

Types of surgeries':

Craniotomy/Craniectomy (%) 15 (8.9%) 8 (8%) 7 (10.1%) p=0.232
Facial (%) 14 (8.3%) 8 (8%) 6 (8.7%) p=0.872
Neck exploration (%) 1 (0.6%) 1 (1%) 0 (0%) Invalid

Thoracotomy (%) 5 (3%) 3 (3%) 2 (2.9%) p=0.969
Laparotomy (%) 13 (7.7%) 6 (6%) 7 (10.1%) p=0.320
Vascular (%) 4 (2.4%) 2 (2%) 2 (2.9%) p=0.706
Pelvic fixation (%) 8 (4.7%) 3 (3%) 5 (7.2%) p=0.201
Upper limb (%) 16 (9.5%) 10 (10%) 6 (8.7%) p=0.776
Lower limb (%) 32 (18.9%) 16 (16%) 16 (23.2%) p=0.241
Vertebral Column (%) 19 (11.2%) 9 (9%) 10 (14.5%) p=0.267

ISS: P<0.000%*
<16 (%) 76 (45%) 54 (54%) 22 (31.9%)

16-25 (%) 62 (36.7%) 40 (40%) 22 (31.9%)
>25 (%) 31 (18.3%) 6 (6%) 25 (36.2%)

ICU admissions (%) 87 (51.5%) 41 (41%) 46 (66.7%) p=0.001%*

Hospital length of stay (mean 25.9 (22.3) 20.8 (18.2) 33.2 (25.5) p=0.000*

days, SD)

VTE (%): 7 (4.2%) 2 (2%) 5 (7.2%) p=0.092
DVT (%) 3 (1.8%) 1 (1%) 2 (2.9%) p=0.358
PE (%) 4 (2.4%) 1 (1%) 3 (4.3%) p=0.159

Death* (%) 9 (5.33%) 4 (4%) 5(7.2%) p=0.356

Notes: *Significant p-values, fSame patient had single or multiple surgeries. *No deaths were related to VTE.
Abbreviations: ISS, injury severity score; ICU, intensive care unit; VTE, venous thromboembolism; SD, standard deviation; GCS, Glasgow coma scale; IQR, interquartile
range; SBP, systolic blood pressure; HR, heart rate; INR, international normalized ratio; BMI, body mass index; DVT, deep vein thrombosis; PE, pulmonary embolism.

Table 2 VTE Prophylaxis on Admission

VTE Prophylaxis Total Moderate- to High-Risk for The Highest-Risk for p-value

(n=169) VTE (n=100) VTE (n=69)
Pharmacological agents 115 (68%) 72 (72%) 43 (62.3%) p=0.185
(Enoxaparint or UFH) (Chi-squared 1.76)
IPC* 54 (32%) 28 (28%) 26 (37.7%)

Notes: 1LEnoxaparin: Patients with moderate- to high-risk received enoxaparin 40 mg subcutaneously daily. Patients in the highest-risk group received enoxaparin doses of
30 mg twice daily in addition to IPC. *UFH: When the patient’s creatinine clearance was < 30 mL/min or when enoxaparin was contraindicated (eg, pregnancy), the patient
received 5000 IU of UFH subcutaneously three times daily in both groups. *IPC: If pharmacologic prophylaxis was not possible on admission because of bleeding risk or
active bleeding. The pharmacologic agent was commenced when bleeding risk was minimized within 72 h of admission. The IPC was discontinued for patients with

moderate- to high-risk group but continued in the highest-risk group.

Abbreviations: VTE, venous thromboembolism; UFH, unfractionated heparin; IPC, intermittent pneumatic compressor.

nine patients (5.33%) died, but no in-hospital deaths were
related to DVT or PE.

Discussion
The optimal approach to VTE prophylaxis in patients with
trauma remains ill defined. To our knowledge, no level-1

evidence or randomized, controlled trial on this topic exists
to date.'"'* Moreover, the risk stratification of patients with
trauma and single or multiple injuries is extremely difficult.
LMWH, such as enoxaparin, has remained a standard of care
for VTE prophylaxis for more than a decade. LMWH has
shown better efficacy and equal or even better safety than
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Table 3 Characteristics of Positive DVT and PE Patients

Sl Patient | Risk ICU | ISS | Extremities | Associated Injuries Site & Associated | Day of
No. Category Fractures Type of DVT and/or | Diagnosis
DVT PE
| DVT Moderate- | Yes 17 Right tib/fib Severe TBI, C2 fracture, and Right above | No PE 7
to High fractures bilateral lung contusions knee
(occlusive)
2 DVT Highest Yes 38 Right tib/fib Severe TBI, bilateral lung Left above No PE 7
fractures contusions and haemothoraces and below
knee
(occlusive)
3 DVT Highest Yes 27 No Severe TBI and facial fractures Bilateral No PE 21
above Knee
(non-
occlusive)
4 PE Moderate- | Yes 17 No Severe TBI, facial fractures, Bilateral No DVT 9
to High Bilateral lung contusions, and Té- | segmental
I'l fractures
5 PE Moderate- | No 22 Left femur Bilateral lung contusions, multiple | Bilateral No DVT 3
to High rib fractures, and L1-4 fractures lobar and
segmental
6 PE Highest Yes 33 No TBI, facial fractures, bilateral lung | Right No DVT 5
contusions, right 3rd rib fracture, | segmental
and LI compression fracture
7 PE Highest Yes 26 No Facial fractures, left Bilateral No DVT 13
hemopneumothorax, left pubic segmental
rami fractures.

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; ICU, intensive care unit; ISS, injury severity score; TBI, traumatic brain injuries; C2, second cervical
vertebra; T6-11, sixth to eleventh thoracic vertebrae; L1-4, first to fourth lumbar vertebrae; LI, first lumbar vertebra.

UFH.'® Meta-analyses have also confirmed a higher benefit
and risk ratio for LMWH than for UFH as a VTE
prophylaxis.'® LMWH is associated with a 10 times lower
incidence of heparin-induced thrombocytopenia compared
with UFH. Bleeding is even less frequent with prophylactic
LMWH. Even in renal impairment, LMWH has demonstrated
a higher efficacy and safety ratio than UFH.'® A study by
Geerts et al'” has shown that LMWH is more effective than
UFH in patients with trauma to prevent VTE. Although the
ACCP guidelines do not recommend using an IVC filter as
VTE prevention (grade 2C), some authorities support its use in
high-risk patients when neither pharmacologic nor mechanical
prophylaxis is feasible.'""'®

IPC was used on admission in 54 patients (32%).
Subsequently, all patients received pharmacologic prophy-
laxis and/or IPC, according to the risk assessment categories,
within 72 h. Current studies and guidelines support starting
pharmacologic earlier. The

prophylaxis even

recommendation is to start LMWH within 36-72 h of admis-
sion in conjunction with neurosurgical consultation for trau-
matic brain injury.'>?° In patients with abdominal solid-
organ injuries, the introduction of LMWH within 48 h in
the absence of ongoing bleeding appears safe.'**
Currently, no consensus exists for routine screening of
DVT or VTE in asymptomatic patients.'' The ACCP
guidelines do not recommend periodic surveillance DVT
with Doppler ultrasound for high-risk or critically ill
patients after trauma (grade 2C)."" However, according to
the Eastern Association for the Surgery of Trauma, some
high-risk patients may benefit from routine screening for
DVT.?! DVT screening for asymptomatic patients is often
debated among surgeons, and clinical importance remains
unclear.”? Some older studies have found it clinically

beneficial >

Recently, one group has shown that PE rates
in patients with trauma decreased with routine surveillance

and early management of DVT.>> Others suggest that
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routine surveillance for DVT in the presence of appropri-
ate VTE prophylaxis is not effective at preventing clini-
cally relevant VTE, so the increased cost of medical
testing is not warranted. Furthermore, routine surveillance
may incur risks associated with anticoagulation treatment
for clinically irrelevant DVT and/or PE treatment.”*

The incidence of VTE remained low (1.8% for DVT,
2.4% for PE, and 4.2% overall) in this study compared
with other studies because of the policy-driven application
of early thromboprophylaxis and satisfactory compliance.
A systematic review reported that patients with trauma
who received no prophylaxis had an overall VTE inci-
dence of 12%, and those who received only mechanical
prophylaxis had a 7% incidence.”® Other studies reported
incidences of VTE after trauma of 4.6-28% with
prophylaxis®** and up to 90% without prophylaxis.**~°
Geerts et al*’ reported that DVT incidence in 349 patients
with trauma was 58%; these cases were diagnosed by
venography 1-3 weeks after admission, and patients
received no prophylaxis. A recent Cochrane database
review of 16 studies and 3005 patients concluded that
prophylaxis reduced the risk of VTE (mechanical: risk
ratio [RR], 0.43 [95% CI, 0.25-0.73]; pharmacologic:
RR, 0.48 [95% CI, 0.25-0.95]; both approaches: RR,
0.34 [95% CI, 0.19-0.60]).%

None of the patients in this study with PE had DVT.
A weak association exists between the incidence of DVT
and PE. PE in trauma is difficult to predict and is not
associated with traditional risk factors. Studies have
shown that patients with trauma who develop PE may
not have evidence of lower-extremity thrombosis.**>'—
Whether the risk factors for PE differ from those asso-
ciated with DVT in injured patients is not well studied.
Independent risk factors for DVT in trauma include
a delay of > 48 H in prophylaxis after injury.
Conversely, independent risk factors for PE include
male gender and serum lactate level > 5 mmol/L.***
Some studies have suggested that early PEs identified on
imaging may result from severe chest trauma rather than
an actual thromboembolic event.*>>° Another study
showed that long bone fractures, admission to the gen-
eral ward, and female gender were associated with early
PE (< 96 h).>’ Major surgery within 48 h and severe
brain and chest injury have been related to delayed
PE.3537

The small cohort of patients was a limitation of this
study. The study included consecutive patients during the
study period from the most active trauma center in the

country. However, the study would have had more strength
if baseline data about the incidence of DVT and/or PE
(nonfatal and fatal) were known before the risk assessment
tool was used. Polytrauma often induces coagulopathy.*®
Trauma-induced coagulopathy remains one of the most
diagnostically and therapeutically challenging conditions.
Elevated D-dimer is also common after acute trauma.>”
Therefore, levels of fibrinogen and D-dimer as baseline
investigations would have been beneficial to this study.
Although only 169 patients with polytrauma underwent
Doppler ultrasound, we attempted to develop a model to
improve the patient outcomes after trauma.

Conclusions

The incidence of DVT in patients with polytrauma remained
low in this small series. Reasons include the mandatory VTE
risk assessment for all hospitalized patients and the early
initiation of prophylaxis. DVT events despite prophylaxis
reflect questions about the preventability of post-injury
DVT. Diagnosis of PE in patients with trauma depends on
a high index of clinical suspicion and the presence of clinical
signs or symptoms, even in the absence of DVT. Traditional
anticoagulation and/or mechanical prevention may not be
adequate to prevent VTE in injured patients. Consideration
should be given to more innovative options (eg, low-dose
apixaban). We also recommend using a trauma center reg-
istry to measure DVT and PE incidence regularly to improve
trauma care quality.
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