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Abstract

In this review, we provide recommendations as well as summarize available data on the optimal time to initiate venous
thromboembolism chemoprophylaxis after severe trauma. A general approach to the severe polytrauma patient is provided
as well as in-depth reviews of three high-risk injury subgroups: patients with traumatic brain injury, solid organ injury,

and pelvic fractures.
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Introduction

Venous thromboembolism (VTE) has long been recognized
as a serious and potentially life-threatening complication
following major trauma. Paul von Bruns reported the occur-
rence of pulmonary embolism (PE) among 30 patients with
fractures, many of which were fatal, in 1885 [1]. In the
1960s, Sevitt and Gallagher identified deep vein thromboses
(DVT) in 81% of trauma decedents who underwent autopsy
[2], while Freeark et al. diagnosed DVT in 35% of immo-
bilized trauma patients using venography [3]. These early
investigations contributed to the finding by a 1986 National
Institutes of Health Consensus Panel on VTE prevention
that the risks of VTE had “not been defined for the general
trauma population” and that “efficacy and safety of various
forms of prophylaxis have not been evaluated in patients
with multisystem trauma” [4].

Recognizing the need for high-quality evidence, Geerts et
al. published their landmark prospective study using venog-
raphy in 349 consecutive trauma patients with severe inju-
ries [5]. No mechanical or pharmacologic prophylaxis was
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used during the study period. Venography identified lower
extremity DVT in 58% of patients, of which one in five
(18%) were proximal vein DVT. This study emphasized the
urgent need to establish effective strategies to prevent DVT
in trauma patients. Foremost has been the use of pharmaco-
logic agents for VTE prophylaxis (chemoprophylaxis), typi-
cally in the form of low-dose unfractionated heparin (UH)
or low molecular weight heparin (LMWH). Geerts et al.
compared the effectiveness of LMWH to UH in a random-
ized controlled trial (RCT) of severely injured patients [6].
While DVT were identified in 29%, LMWH was associated
with 30% lower risk of DVT overall, and 58% lower risk of
proximal vein DVT. Major bleeding complications occurred
in only 6 of 344 patients (<2%).

These early studies provided foundational evidence to the
research of VTE after trauma: VTE are common, and che-
moprophylaxis is a highly effective risk reduction strategy.
Therefore, chemoprophylaxis should be initiated as early as
feasible in patients with serious injuries. However, trauma
is a heterogenous disease and the risks for both thrombosis
and bleeding vary widely between patients. For this reason,
the study of optimal strategies for chemoprophylaxis has
been at the center of this field of trauma research for three
decades. In this paper, we summarize the current evidence
for the optimal timing and type of chemoprophylaxis in
patients with severe polytrauma and discuss the nuances of
these strategies in two specific subpopulations, those with
traumatic brain injury (TBI), those with solid organ injury,
and patients with pelvic fractures.
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VTE chemoprophylaxis after severe
polytrauma: general principles

The risks for both VTE and bleeding complications vary
widely among patients with multiple severe injuries. Geerts
et al. identified specific patterns of injury that were indepen-
dent risk factors for VTE, a list which has been built upon
in subsequent studies [5, 7-9]. Such injuries include TBI,
orthopedic injuries such as pelvic and long bone fractures,
spinal cord injury, and major venous injury. Conceptually,
this heightened risk of thrombosis is related to a constella-
tion of factors known as Virchow’s triad [10], where patients
experience inflammation, immobility, and hypercoagulabil-
ity as the result of their injuries. This increased risk of VTE
is associated with significant morbidity and mortality [11,
12]. The most feared complication, PE, is associated with an
attributable mortality of 10-50% [7, 13]. Nonetheless, the
burden of morbidity resultant from DVTs themselves should
not be minimized. This morbidity includes post-thrombotic
(or post-phlebitic) syndrome, a condition in which the limb
develops symptoms of chronic venous insufficiency in the
wake of an acute DVT [14]. These symptoms include heavi-
ness, edema, and discoloration of the involved extremity.
The pathophysiology remains incompletely understood, but
anegative impact on patient quality of life is evident. Phleg-
masia cerulea dolens may also occur, in which the DVT-
induced edema becomes limb-threatening due to its extent
and can lead to compartment syndrome and/or ischemia
[15]. DVTs can also cause skin necrosis and ulceration [16].
Fortunately, the timely administration of chemoprophylaxis
with UH or LMWH is associated with a dramatic reduction
in VTE risk [11].

With scientific evaluation over the past three decades,
we have begun to appreciate several nuances with chemo-
prophylaxis against VTE in trauma. These include practical
details about the optimal delivery of chemoprophylaxis and
which patient populations warrant special consideration.
Practical details of chemoprophylaxis include the selection
of pharmacologic agent, dosing, potential utility of moni-
toring for therapeutic efficacy, and timing of initiation. In
general, LMWH is preferred over UH. This is based on lit-
erature demonstrating greater reduction in risk of VTE with
LMWH [17-19], lower risk of heparin-induced thrombo-
cytopenia [20], and the potential for improved neurologic
outcomes among patients with TBI [21].

In contemporary trauma practice, the use of UH as che-
moprophylaxis is reserved for patients with renal insuffi-
ciency. Even among these patients, some clinicians favor
reduced dose LMWH due to the superior effectiveness of
this agent to prevent VTE after major trauma. Enoxaparin
is the most common form of LMWH used for chemopro-
phylaxis. Its optimal dosing in this context is controversial.
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Broadly, 30 mg Q12H has been considered standard, but
this is evolving with evidence that many patients may be
underdosed [22]. Recently published guidelines by the
Western Trauma Association and American Association for
the Surgery of Trauma recommend the use of 40 mg Q12H,
except in the setting of actively bleeding, reduced creati-
nine clearance, TBI, or a spinal cord injury [23, 24]. Moni-
toring for effective dosing of chemoprophylactic agents is
possible via measurement anti-Xa levels [25-27], although
the implementation and cost-effectiveness of this approach
remains controversial.

The optimal time to initiate chemoprophylaxis has also
been the subject of controversy. In brief, chemoprophylaxis
should be initiated as soon as it is safe. This can be a com-
plex decision in clinical practice as one weighs the risk of
VTE against the possibility of propagating hemorrhage. As
the nonoperative management of certain injury types, such
as solid organ injuries, becomes more common this balance
becomes harder to strike. Historically, chemoprophylaxis
was deferred until several days after injury, until mounting
evidence showed the intuitive association of prophylaxis
delay with increased risk of VTE [11, 17, 28]. For example,
Nathens et al. demonstrated a three-fold increase in VTE
risk when chemoprophylaxis was delayed longer than 4
days after injury [11]. Byrne et al. showed an 8% increase
in odds of VTE for each day that chemoprophylaxis was
delayed in patients with severe TBI [28]. Contemporar-
ily, most trauma patients should receive their first dose of
chemoprophylaxis within 24 h of admission [23]. Patients
at high-risk for bleeding, or in whom bleeding might have
catastrophic consequences, warrant special consideration
and a nuanced approach to safe initiation. We discuss these
nuances further in two specific patient populations, those
with TBI and those with solid organ injuries, in the remain-
der of this review.

VTE chemoprophylaxis after severe
polytrauma: traumatic brain injury

Traumatic brain injury and coma have been identified as
independent predictors of VTE [7, 8, 29]. This risk is even
higher among patients with multiple high-risk injuries,
including spinal column and orthopedic injuries, which
are common [5, 7-9, 29]. Therefore, pharmacologic VTE
prophylaxis should be commenced as early as feasible in
this population. However, this imperative must be balanced
against the risk of precipitating expansion of intracranial
hemorrhage (ICH). The fear of provoking life-threatening
bleeding has historically led physicians to defer chemopro-
phylaxis, often indefinitely. This clinical challenge has been
further compounded by a lack of evidence, as such patients
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have been routinely excluded from studies evaluating phar-
macologic VTE prophylaxis in trauma [6].

Recent studies have sought to clarify when it is safe to
initiate chemoprophylaxis in patients with TBI and ICH.
One great contribution has been the classification of patients
into categories of risk for worsening of ICH. Phelan et al.
recognized that smaller injury patterns would likely stabi-
lize more rapidly and therefore tolerate chemoprophylaxis
earlier [30]. This was the basis for the Modified Berne-Nor-
wood Criteria, which grouped patients into low, moderate,
or high-risk of ICH progression based on number and size
of intraparenchymal and extra-axial hemorrhage [31]. The
Criteria proposed initiation of chemoprophylaxis when sta-
bility of ICH is demonstrated on repeated head computed
tomography (CT), at 24 h in low-risk patients and at 72 h
in moderate-risk patients. High-risk patients, those who
undergo neurosurgical interventions or have expansion after
72 h, are recommended to receive an inferior vena cava fil-
ter in lieu of chemoprophylaxis. In the DEEP I RCT, Phelan
et al. found that early chemoprophylaxis with LMWH in
low-risk patients with stable head computed tomography
(CT) at 24 h was safe [32]. Specifically, those study authors
conducted a dual institution study in which patients with
minor TBI who had a stable CT head 24 h after injury were
then randomized to either BID enoxaparin or placebo. A
routine CT head was then conducted 24 h after initiation
of enoxaparin or placebo to investigate for radiographic
progression of TBI, the primary outcome of the study. The
primary finding from this study was that TBIs progressed
at similar rates following enoxaparin vs. placebo initiation
(5.9% vs. 3.6%), a difference which was subclinical.

There remains a lack of high-quality clinical evidence
to support the practices recommended for moderate and
high-risk patients. Nonetheless, the Modified Berne-Nor-
wood Criteria is used by the American College of Surgeons
Trauma Quality Improvement Program (TQIP) in their
Traumatic Brain Injury Best Practices Guideline [33] and
recent society guidelines [24].

A series of retrospective observational studies have pro-
vided further evidence that timely chemoprophylaxis is
safe in patients with TBI. A study of TQIP data from 3,634
patients with severe TBI treated at 186 trauma centers found
that chemoprophylaxis initiated within 72 h was associated
with a significant reduction in odds of both PE and DVT,
but no increased risk of late neurosurgical intervention [34].
Patients treated at hospitals favoring early prophylaxis ben-
efited from significantly fewer VTE. These observations
have been replicated in subsequent observational studies
and meta-analyses [35-38]. The safety of chemoprophy-
laxis remains less clear among patients that undergo early
neurosurgical interventions (deemed high-risk by the Modi-
fied Berne-Norwood Criteria). In a recent retrospective

cohort study of patients with severe TBI who received early
craniotomy/craniectomy or intracranial monitor/drain inser-
tion, earlier chemoprophylaxis was associated with lower
odds of VTE, but also higher risk of repeated neurosurgi-
cal intervention [28]. Taken together, the timely initiation of
chemoprophylaxis after stable head CT is likely safe in most
patients. However, variation in practice persists and further
blinded randomized trials are justified [39—40].

Controversy formerly surrounded the selection of phar-
macologic agent for patients with TBI. Historically, UH
was preferred because its lower half-life was felt to confer
a lower risk of hemorrhagic complication. However, severe
studies have demonstrated the superiority of LMWH over
UH to prevent VTE following major trauma and TBI [6, 17,
28, 34]. Among patients with isolated severe TBI, LMWH
is associated with 40-50% lower odds of PE compared with
UH [17, 34], but no difference in occurrence of ICH-related
complications [28, 34]. The risk of heparin-induced throm-
bocytopenia is dramatically lower with use of prophylactic
dose LMWH (0.2% vs. 2.6%) [20]. There is also prelimi-
nary evidence that LMWH may confer a survival benefit
compared to UH in patients with severe TBI [21, 28, 34],
possibly owing to reduced post-injury neuroinflammation as
demonstrated in animal studies [41, 42]. Such studies pos-
tulate empirically that enoxaparin may interfere with neu-
rotransmitter signaling and thereby lead to reduced cerebral
edema and neurologic recovery.

Despite these benefits of LMWH over UH, UH remains
in common usage for chemoprophylaxis in patients with
TBI, likely due to concerns of expansion of intracranial
bleeding with the use of LMWH and historical comfort with
UH as a chemoprophylactic agent for VTE. Foremost, a
collaborative multidisciplinary effort between trauma, neu-
rosurgery, critical care, pharmacy, and other supporting ser-
vices is needed to achieve the delivery of chemoprophylaxis
as early as safely feasible in this patient population.

VTE chemoprophylaxis after severe
polytrauma: solid organ injury

The optimal approach for chemoprophylaxis among patients
with solid organ injuries has also been a subject of contro-
versy. It is a challenging topic to study due to the many pos-
sible permutations of injuries in such patients, including
blunt versus penetrating mechanism, severity of the solid
organ injury (typically quantified as AAST injury grade),
therapeutic modality including operative or angioemboliza-
tion strategies, and the presence of associated injuries that
influence both VTE and bleeding risk (such as TBI or pelvic
fractures) [28, 34, 43].
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The literature guiding chemoprophylaxis strategies
among patients with solid organ injuries are largely based on
blunt trauma patients managed nonoperatively. These data
are extrapolated, whether appropriate or not, to all subsets
of patients with solid organ injury. Conceptually, prophy-
laxis should be started as early as feasible, when the patient
is no longer bleeding, and the risk of provoking hemorrhage
is no longer clinically meaningful. Studies of patients with
blunt solid organ injuries managed nonoperatively sug-
gest that chemoprophylaxis may be initiated within 48 h of
admission, without increasing the risk of bleeding or failure
of nonoperative management. This practice has been evalu-
ated in several single center cohort studies and meta-analy-
ses [44—47]. Most recently, a large prospective multicenter
study found that early chemoprophylaxis, begun within
48 h of injury, was associated with significantly lower risk
of VTE and no increased risk of bleeding complication [48].
Therefore, while no randomized study has been performed
on this subject, initiation of chemoprophylaxis within 48 h
of solid organ injury is believed to be safe.

Anecdotally, many clinicians believe that 48 h is too
broad a time frame and that chemoprophylaxis should be
initiated earlier within that window, even within the first
12 h. Clinical practice and experience have evolved dra-
matically, with trauma surgeons and intensivists now more
aggressive in the goal of initiating chemoprophylaxis early.
Some institutions even strive to start chemoprophylaxis in
the emergency department among patients without clear
contraindications. This emphasis on the importance of early
prophylaxis has been captured in recent society guidelines
published by the Western Trauma Association and Ameri-
can Association for the Surgery of Trauma [23-24]. Even
in solid organ injury, these guidelines prioritize initiation
of chemoprophylaxis within 24 h in low to moderate grade
injuries, or within 48 h for high grade injuries when hemo-
globin is stable.

Considerations for the selection of pharmacologic agent,
dosing, and utility of monitoring are the same in patients
with solid organ injury as they are among the general major
trauma population. There is no evidence that the approach
to these strategies should be tailored to the type or severity
of solid organ injury. Society guidelines recommend either
weight-based or uniform Enoxaparin 30 mg or 40 mg dos-
ing Q12H LMWH for these patients [23-24].

Limitations to our current understanding of optimal che-
moprophylaxis strategies in patients with solid organ injury
stem from a lack of high-quality randomized studies, as is
common in many domains of trauma research. The gen-
eralizability of existing evidence to specific subgroups of
patients with solid organ injury is unclear, such as in those
managed operatively or those with high grade injuries. The
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optimal strategies in these patients, who are at greatest risk
for bleeding complications, require further study.

VTE chemoprophylaxis after severe
polytrauma: pelvic fractures

The ideal management of VTEp after pelvic fractures, based
on available data, can generally be considered to mirror the
data regarding solid organ injury. VTEp is critical in these
patients and ought to be initiated within 48 h of pelvic frac-
tures [43], although in the absence of ongoing clinical sig-
nificant bleeding, earlier may be prudent. The need for a
particularly aggressive approach to VTEp initiation after
pelvic fractures is suggested by a number of studies indicat-
ing that patients with pelvic fractures, particularly those who
have undergone pelvic angioembolization or pre-peritoneal
packing, are at especially heightened risk for VTE [49-50].

Conclusions

The body of evidence for optimal delivery of chemopro-
phylaxis to prevent VTE after major trauma has progressed
immensely over the past three decades. Chemoprophylaxis
should be initiated as early as possible, when clinically
meaningful bleeding has stopped. For most patients, initia-
tion within the first 24 h is safe. LMWH is the pharmaco-
logic agent of choice. Specific subgroups of patients with
major injury require special consideration, including those
with TBI and solid organ injury. While early evidence and
society guidelines advocate for early initiation of LMWH
for chemoprophylaxis in these populations, future prospec-
tive and randomized studies are needed to elucidate the opti-
mal strategies. A collaborative multidisciplinary approach
should be taken to implementing durable guidelines for che-
moprophylaxis at any trauma center.
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