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Abstract Venous thromboembolism (VTE) complicates trau-
ma no matter whether injuries occur in the civilian or combat
setting. Combat casualty care is further challenged by the re-
quirement to rapidly evacuate patients by air from the combat
zone to definitive care destinations in the USA. The Joint
Trauma System (JTS) is charged with ensuring optimal man-
agement of the combat injured across the global care continu-
um. The JTS first released guidelines for BPrevention of deep
venous thrombosis^ in December 2004 and regularly revises it
to ensure it reflects current, best practice. This review presents a
perspective on VTE impact on wartime care and the US mili-
tary medical system’s effort to prevent these complications.
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Introduction

Venous thromboembolism (VTE) complicates trauma no mat-
ter whether injuries occur in the civilian or combat setting. In
civilian trauma, reported VTE rates range from 0.36–58 %
depending on (1) the population studied, (2) the VTE prophy-
laxis measures taken, and (3) the diagnostic protocols utilized
[1, 2, 3•]. Reported combat trauma VTE rates range from
2.3 % to over 23 % [4, 5•], and have been noted to be partic-
ularly high among the severe multi-system injuries that have
characterized the past decade—plus of combat operations in
Iraq and Afghanistan. This review presents a perspective on
the challenges of VTE for combat casualty care and the US
military medical system’s effort to prevent post-traumatic
VTE complications among wounded service members.

Civilian Versus Combat Post-Trauma Venous
Thromboembolism Rates

In 2011, Knudson et al. reported on a Bcontemporary^ cohort
of civilian trauma patients abstracted from Level 1 and 2 trau-
ma center admissions from 2007–2009 reported to the
American College of Surgeons National Trauma Data Bank
(NTDB) [2]. Ninety percent of the patients in this analysis
were injured by blunt mechanisms reflective of typical civilian
mechanism of injury. The mean Injury Severity Score (ISS)
was 11; 24 % of the patients sustained an ISS greater than 15.
In these 888,652 patients, the rate of deep venous thrombosis
(DVT) was 1.06 % and pulmonary embolus (PE) was 0.42 %.
In comparison, civilian studies reporting VTE rates in specif-
ic, high-risk trauma groups report much higher rates. For ex-
ample, VTE rates for civilian patients with pelvic and acetab-
ular fractures approach 12 % [3•, 6, 7].
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In 2014, Hutchison et al. retrospectively analyzed over 26,
000 combat trauma casualties abstracted from the Joint Theater
Trauma Registry (now renamed the Department of Defense
Trauma Registry (DoDTR)) for the period between October
2001 to July 2011 [4]. The overall VTE rate was 2.2 % with
a 1.0 % DVT rate and a 0.8 % PE rate. Ninety-four (0.4 %)
patients were diagnosed with both DVT and PE. In assessing
risk factors, the authors identified amputations to be associated
with a significantly increased risk. Their subgroup analysis of
casualties sustaining amputations found a very substantial VTE
rate of 17.3 %.

Two institution-specific analyses of combat-related VTE
rates at role 5 (US) medical treatment facilities have been
published:

In 2011, Gillern et al. utilized retrospective data from the
National Naval Medical Center (NNMC) [Bethesda,
Maryland] Combat Trauma Registry to specifically evaluate
casualties with wartime extremity injuries and included pa-
tients who (1) underwent at least one orthopedic procedure
performed upon arrival to the USA or (2) sustained amputa-
tion before arrival [8]. In this group of 263 patients treated
from March 2003–December 2007, 15 patients were diag-
nosed with DVT (5.7 %) and 15 with PE (5.7 %). Three
patients were diagnosed with both DVT and PE and were
included in both groups so the total VTE rate was 10.3 %.
Of note, one death was attributed to an acute PE.

In 2013, Caruso et al. reported a single institution rate of
11.4 % for new VTE occurring after arrival to the USA be-
tween November 2010 to November 2012 at the Walter Reed
National Military Medical Center [Bethesda, Maryland] [5•].
During the 2-year study period, 565 combat casualties were
admitted with 484 patients eligible for evaluation per the study
protocol. Sixty-six patients arrived on therapeutic
anticoagulation for VTE diagnosed prior to arrival and were
excluded. Fifty-five casualties (11.4 %) were diagnosed with a
VTE event during their hospitalization, 35 (63 %) PEs, 13
(24 %) upper extremity DVTs, and 8 (13 %) lower extremity
DVTs. There were no deaths due to PE in the study cohort. The
total VTE rate was 21.4 % (121/565) when the 66 patient
already treated on arrival are added to the cohort.

Risk Factors for the Development of Venous
Thromboembolism

Virchow’s Triad of endothelial injury, hypercoagulability, and
stasis are well-known risk factors for VTE complications in
trauma patients. Multiple authors have sought to define addi-
tional risk factors for the development of post-traumatic VTE.
Geerts et al. first prospectively identified in 1994 five indepen-
dent risk factors for post-traumatic VTE following major trau-
ma which remain valid: older age, blood transfusion, surgery,
femur and tibia fractures, and spinal cord injury [1]. Knudson

et al. identified similar risk factors: older age, greater than
three ventilator days, injuries to the chest, lower extremities
or spine, pelvic fractures, and shock [2]. In 2012, Rogers et al.
evaluated over 16,600 trauma patients at Lancanster General
Hospital (Lancaster, Pennsylvania) to develop a VTE risk fac-
tor model [9]. They validated their model by applying it
against patient data from the NTDB. Their clinical variables
to stratify VTE risk and to determine prophylaxis require-
ments included the following: age, ISS, obesity (yes/no), ven-
tilator use (yes/no), and lower extremity fracture (yes/no).

In the military setting, Hutchison et al., and Gillern et al.,
both reported bilateral lower extremity fracture as a significant
risk factor for VTE development [4, 8]. Hutchison identified
the highest risk for VTE to be multiple-limb amputations and
above-knee amputations. Extremity, abdomen, and head AIS
showed correlation on univariate analysis, but the relationship
did not persist on multivariate analysis. Holley et al. analyzed
a subset of patients from the Hutchison study and found blood
transfusion predictive of VTE and receiving >50 % of pre-
scribed LMWH prophylaxis doses as protective [10•].

Risk factors for VTE in civilian and military trauma con-
sistently include specific injury patterns involving the lower
extremities (e.g., long bone fractures and amputations.)

Acute Peritraumatic Pulmonary Thrombus

Recently, the dissociation of pulmonary embolism from deep
venous thrombosis has been proposed by several authors [2,
11]. They suggest the etiology of pulmonary VTE to be pri-
mary thrombosis within the pulmonary vasculature itself, not
venous embolism, especially when associated with primary
chest trauma. Knudson hypothesized that local inflammation
from chest trauma as a fourth risk factor to explain increasing
rates of civilian PE without the presence of coincident DVT
[2]. These events have been labeled as acute peritraumatic
pulmonary thrombus (APPT).

Lundy et al. noted an APPT rate of 9.3 % in reviewing initial
CT scans of 708 consecutive combat-injured patients from July
1, 2011–June 30, 2012 in southernAfghanistan (CampBastion)
[11]. APPTwas associated with blast injuries, higher ISS, lower
extremity DVT on CT scan, traumatic amputations, long bone
fractures, tourniquet use, and transexamic acid (TXA) adminis-
tration. Logistic regression identified traumatic amputation and
DVTon CT scan (although only 23 % had DVT present on CT
scan) to be independently associated with APPT. Like
Velmahos et al. [11] and Knudson et al. [2], Lundy et al. [12•]
foundwidely disparate rates of DVT in patients with pulmonary
thrombus, suggesting different mechanism for each entity.

The subsequent natural history of APPT has not been deter-
mined, but would likely be determined by location of thrombus
and associated physiologic changes (e.g., presence or absence
of right heart strain). In the Lundy study, 50 % of APPT was
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not diagnosed at the time of initial CT interpretation; therefore,
a cohort of patients who did not receive anticoagulation exists
who could serve as a control group for future study. Some
authors suggest that incidental, subsegmental PEs on CT im-
aging might not require therapeutic anticoagulation, and that
may as well be the case with APPT.

Air Travel and Venous Thromboembolism Risk

The US military trauma care system makes the patient a mo-
bile part of the system. Life-saving interventions are per-
formed, and essential care is delivered at forward, deployed
locations. Patients then evacuate across increasingly capable
levels of care, culminating with arrival at facilities in the USA
for definitive care and rehabilitation. Thus, from point of in-
jury on the battlefield, treatment of combat casualties is a
multi-step process frequently 3–5 days of immobility and
hours of flight on multiple airframes [13] [Fig. 1].

Few studies exist assessing VTE risk associated with sur-
gery and flying. In 2014, Cooper et al. compared VTE rates of
220 postoperative patients who flew home in the immediate
postoperative period (mean 2.9 days, mean flight time 2.3 h)
following total hip and total knee arthroplasty to 1245 simi-
larly postoperative patients who did not fly [14]. This study
did not find differences in VTE rates (OR 1.13 [0.33–3.95],
p=0.84). In contrast, Gajic et al. found prolonged air travel
before major surgery increased perioperative VTE rates
(4.9 % flight vs 0.15 % no flight, p<0.001) and urged Bmore
intensive^ VTE prophylactic measures for these patients [15].
Current literature suggests >4 h flight time as the threshold for

increased VTE risk with contributory factors attributed to air
travel including hypoxia, cramped sitting, low ambient hu-
midity, and dehydration [16].

In 2001, the World Health Organization launched a com-
prehensive investigation to study the effects of air travel on
VTE risk as a global health hazard. The WRIGHT Project,
WHO Research into Global Hazards of Travel, consists of
research studies designed to provide information on the fol-
lowing: (1) the frequency of venous thrombosis, (2) the mag-
nitude of its association with air travel, and (3) the pathophys-
iology to develop prevention strategies for air travelers. The
final report of phase I of the WRIGHT Project was released in
2007 [17]. Conclusions derived from the epidemiologic and
pathophysiologic studies presented are concerning for military
casualties undergoing aeromedical evacuation.

Phase I findings indicate that in air travelers who are not
traumatically injured:

– VTE risk doubles after q long-haul flight (>4 h
duration)—tactical (in-theater) aeromedical evacua-
tion flight times may approach a 4-h duration. All stra-
tegic (intra-theater) aeromedical evacuation flight
times exceed 4 h.

– VTE risk increases with total duration of travel and in-
creases with multiple flights within a short period—casu-
alties, especially those most severely injured, fly as many
as three times within a few days to rapidly evacuate to the
role 5 facilities in the USA for definitive care. Flight times
from role 4 to role 5 military medical treatment facilities
may exceed 10 h.

Role 1: Soldier and combat medic
Tactical Combat Casualty Care
•Scene security
•Airway adjuncts
•Hemorrhage control
•Field dressing

Role 2: Forward surgical team
Advanced Trauma Life Support
•Definitive airway management
•Resuscitation
•Damage control surgery

•VTE prophylaxis

Role 3: Theater hospital
Role 2 capabilities and:
•CT scan imaging
•Specialty care

•VTE prophylaxis
•Duplex U/S capability

Role 4: Strategic evacuation medical center
•Located outside of the U.S.
•Role 3 capabilities and:
•Limited short-term rehabilitation resources

•VTE prophylaxis
•Duplex U/S capability
•IVC filter placement capability (inconsistent)

Role 5: Definitive care medical center in 
the United States

Fig. 1 From point of injury on
the battlefield, treatment of
combat casualties is a multi-step
process frequently 3–5 days of
immobility and hours of flight on
multiple airframes
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– VTE risk is highest in the first week after travel and re-
mains elevated for 2 months after travel—pharmaceutical
VTE prophylaxis during this period may be contraindi-
cated due to hemorrhage risk from traumatic injuries and
surgical interventions.

Thus, in addition to trauma-related risk factors for VTE
complications, military casualties also endure added risks as-
sociated with air travel across the global combat casualty care
continuum originating at the combat theaters to definitive care
destinations in the USA.

Early Venous Thromboembolism Incidence
in Severely Injured Combat Trauma Patients
(Role 4 Facility: Landstuhl, Germany)

After battlefield injury and immediate treatment at deployed
medical treatment facilities in the combat zone (role 2 and role
3), nearly all injured service members are evacuated to a role 4
facility. For combat casualties injured in Iraq or Afghanistan,
that role 4 facility is Landstuhl Regional Medical Center
(LRMC) in Germany. Recognizing the extremely high risk
for VTE complications for the combat-injured casualties, the
LRMC Trauma Program instituted a policy of universal DVT
screeningwith bilateral lower extremity Duplex ultrasound for
trauma admissions to the critical care unit in 2010. It was
believed that earlier DVT detection would allow earlier treat-
ment, thereby decreasing the incidence of subsequent PE
events. After 12 months, a performance improvement project
was performed to assess the effectiveness of universal DVT
screening policy [18].

All trauma patients admitted to the critical care unit at
LRMC from August 1, 2009 to July 31, 2011 were retrospec-
tively evaluated. Most patients arrived within 72 h of injury
after aeromedical evacuation from role 3 facilities in Iraq and
Afghanistan. Patients in cohort 1 (C1, August 1, 2009–
July 31, 2010, n=497) selectively underwent lower extremity
duplex ultrasound imaging based upon physician discretion.
Patients in cohort 2 (C2, August 1, 2010–July 31, 2011,
n=565) underwent universal DVT screening. PEs were diag-
nosed by computed tomography imaging, either specifically
obtained for clinical suspicion of PE or incidentally discov-
ered on imaging for other indications. In casualties with PEs,
their preceding lower extremity duplex ultrasound examina-
tions were reviewed and classified as either Bcomplete^ or
Blimited.^ Limited screenings were generally related to lower
extremity wound dressings or orthopedic hardware preventing
complete interrogation of the underlying deep veins.

Injury severity scores were equivalent between the two
cohorts (C1=21.9, C2=21.9, p=NS). Thirty-two DVT and
7 PE were found in C1 and 80 DVT and 25 PE in C2 (DVT
incidence 6.44 % vs. 14.15 %, p <0.0001 and PE incidence

1.40 % vs. 4.42 %, p=0.0072). In patients with PE, 2 of the 7
patients in C1 and 15 of the 25 patients in C2 had DVT ex-
aminations classified as limited (29 % vs. 60 %, p=NS).

This performance improvement project demonstrated
that universal DVT screening diagnosed significantly more
casualties with DVT than selective imaging. Surprisingly,
PE incidence increased with universal DVT screening po-
tentially related to increased utilization of CT chest imag-
ing for a variety of indications leading to increased detec-
tion of incidental PE or APPT. The LRMC Trauma
Program continued universal DVT screening for trauma
admissions to the critical care unit following this perfor-
mance improvement analysis.

Prevention of Deep Venous Thrombosis

The Joint Trauma System (JTS) is a Department of
Defense (DoD) organization created to ensure optimal
management of the combat injured across the global care
continuum. The JTS maintains the DoDTR and coordinates
clinical practice guidelines (CPG) based upon objective
data from the registry, published medical literature, and
consensus expert opinion. The JTS first released a CPG
for BPrevention of deep venous thrombosis^ in December
2004 which has undergone regular review and revision to
ensure it reflects current, best practice [19]. For trauma
patients, the JTS currently recommends low-molecular weight
heparin (LMWH) 30 mg subcutaneously twice daily for VTE
prophylaxis with strong consideration to add sequential com-
pression devices (SCDs) as well if both feasible and available.
In trauma patients with prohibitive risks of bleeding or with
ongoing coagulopathy, SCDs are recommended until pharma-
cologic prophylaxis can be safely commenced. BIt is possible
that certain patients will still be receiving blood product thera-
py to correct coagulopathy when they enter the [evacuation]
chain… It is recommended to begin [pharmacologic] DVT
prophylaxis therapy as soon as coagulopathy is corrected in
patient not otherwise at risk of bleeding.^ For brain and spinal
injuries, full-dose pharmacologic prophylaxis was initiated af-
ter 48 h of clinical and radiographic stability. Pharmacologic
prophylaxis is also not routinely held prior to operative inter-
ventions except those with the highest risk of bleeding compli-
cations such as brain and spinal procedures.

While LMWH is generally the preferred prophylactic agent
for trauma patients, the optimal dosing regimen remains con-
troversial [20, 21]. Recent studies show that VTE rates may be
directly correlated with anti-factor Xa activity levels, so some
VTE prophylaxis protocols incorporate activity level monitor-
ing to ensure adequacy [22]. Activity level monitoring is gen-
erally not available prior to role 3 care and consensus does not
exist for the monitoring requirement.
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The JTS CPG also provides guidance for the placement of
inferior vena caval filters (IVCF). It notes that:

when IVCF are placed they are done so to prevent
FATAL pulmonary emboli as PE’s can still occur. IVCF
have no benefit in the prevention of DVT and may be
associated with development of IVC and deep venous
thrombosis… The vast majority of IVCF placed in the
combat theater are retrievable inferior vena cava filters.
Retrievable IVCF are preferred to avoid some of the long
term complications of filter placement and in recognition
of the fact that many patients only need this form of VTE
prophylaxis for a defined period of time early after injury.

Standard indications for IVCF placement are used for mili-
tary casualties with additional consideration for placement in
very high-risk patients who cannot receive prophylactic
anticoagulation because of increased bleeding risk especially
at timeswhen SCDs are also not available for use. Prior to April
2009, no SCD system was approved for use during aeromedi-
cal evacuation until the Kendall-Covidien 9525 SCD Express
Compression System passed airworthiness testing.

IVCF placement is not consistently available prior to role 5
military medical treatment facilities. When placed, IVCF
should be retrievable and the brand, model, MRI compatibility,
and specific placement location should be populated in the
DoDTR. Typically, IVCF retrieval will occur at Role 5 facilities
and should occur as soon as contraindications to pharmacologic
prophylaxis no longer exist or there is no longer need for VTE
prophylaxis. In 2010, the US Food and Drug Administration
posted a communication expressing concern that retrievable
IVCFs, intended for short-term placement, are not always re-
moved once a patient’s PE risk subsides [23]. The FDA listed
long-term risks associated with IVC filters including lower
limb DVT, filter fracture, filter migration, filter embolization,
and IVC perforation. Beyond 3 months of implantation, IVCF
removal may become technically prohibitive and so these long-
term risks must be carefully considered.

Inferior vena cava interruption for VTE management in
combat trauma has led to variable results. In 2009, Johnson et
al. published their early experience with 72 IVCFs placements
from July 2003–June 2007 at the Walter Reed Army Medical
Center [24]. In this series, 23 insertions were prophylactic and
49 were ‘therapeutic’ following a VTE event when post-event
therapeutic anticoagulation was contraindicated. There were no
untoward events associated with filter placement, but only 13
(18%) filters were successfully removed. Eleven IVCF patients
(15 %) were lost to follow-up, 45 (63 %) kept their filters for
ongoing clinical indications and one died. IVCF retrieval was
attempted in 15 IVCF patients (21 %), and 13 attempts were
successful. In comparison to contemporary civilian literature at
the time, the authors reported a significantly higher patient fol-
low-up, but a similarly low overall retrieval rate due to filters

remaining clinically indicated rather than the patient being lost
to follow-up.

Lucas et al. also reported results of a dedicated military
IVCF registry developed in 2007 [25]. The study compared
patient follow-up and filter retrieval rates pre- and post-
registry initiation at NNMC-Bethesda. The study included
113 patients (20 in the control group and 93 in the registry).
Trauma nurse coordinators maintained routine communica-
tion with IVCF patients. This process led to a decrease in loss
to follow-up from 65 % to 5 % (p<0.001) and a significant
increase in retrieval rates from 30 % to 60 % (p=0.02). The
registry and communication process remains active today at
the Walter Reed National Military Medical Center (Bethesda,
Maryland).

Another management strategy for prevention of PE, but not
prevention of DVT, in high-risk patients described in the JTS
CPG is serial duplex ultrasound imaging. Earlier DVT detec-
tion may facilitate treatment, therapeutic anticoagulation, or
IVCF placement, to decrease the incidence of subsequent PE.
In high-risk patients with short-term contraindications to phar-
macologic prophylaxis, serial duplex ultrasound imaging was
sometimes performed twice weekly until pharmacologic pro-
phylaxis could be initiated. If a DVT was detected, IVCF
placement was performed.

Conclusion

VTE complications impact the care of combat casualties who
are an extremely high-risk cohort due to their patterns of injury,
injury severity, and the requirement for aeromedical evacuation.
Even so, the overall civilian versus military VTE rates compar-
ing population-based retrospective databases, NTDB vs
DoDTR, differed only in the rates of PE (DVT: 1.06 %
NTDB vs 1.0 % DoDTR and PE: 0.42 % NTDB vs 0.8 %
DoDTR). Reviews of selected high-risk cohorts such as critical
care admissions and severe extremity injuries revealed VTE
rates as high as 20 % despite VTE prophylaxis measures.
Some cases of PE may represent APPT, be present on initial
trauma admission, and be non-preventable. The DoD’s Joint
Trauma System’s mission remains to guide optimal manage-
ment of military trauma care to include the prevention, detec-
tion, andmanagement of VTE disease based upon DoDTR data
and monitoring of the published civilian trauma experience.
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