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Abstract

Introduction Venous thromboembolism (VTE) is an
important problem in orthopedic trauma patients. An
association between VTE and upper extremity injury has
not been reported. The purpose of this investigation was to
determine whether upper extremity trauma is an indepen-
dent risk factor for lower extremity VTE. This study also
attempted to identify associations between VTEs and
demographic and injury variables in patients that sustained
upper extremity trauma.

Methods FEleven years of data from the trauma registry at
our Level I trauma center was retrospectively reviewed in
an injury-matched cohort study. From an initial pool of 646
patients who sustained upper extremity trauma, 32 subjects
(4.95%) were identified as having major upper extremity
injuries as well as thromboembolic complications. Thirty-
two injury-matched controls were randomly selected from
the 646 patients with major upper extremity injuries.
Regression analysis was performed to determine variables
that were significantly associated with lower extremity
thromboembolic complications.

Results Overall incidence of VTE in patients sustaining
upper extremity injury was 4.95% (deep vein thrombus
4.64%, pulmonary embolism 0.31%) and was similar to the
4.95% VTE rate in patients without upper extremity injury.
Major head injury (p = 0.022) occurred at increased fre-
quency in the VTE group. Patients with increased length of
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hospital stay (p < 0.001) and length of time on a ventilator
(p = 0.002) were at significantly higher risk for thrombo-
embolic complications. No patient with isolated upper
extremity trauma had complications from VTE.
Conclusion Lower extremity VTE occurs at similar rates
in patients sustaining upper extremity injury compared to
those patients that do not. Major upper extremity ortho-
pedic trauma is not an independent risk factor for lower
extremity VTE, and current clinical management guide-
lines for VTE prophylaxis are adequate for patients sus-
taining major upper extremity trauma.

Keywords Upper extremity injury -
Lower extremity venous thromboembolism -
Deep vein thrombus - Pulmonary embolism

Introduction

Venous thromboembolism (VTE) is a life-threatening
complication of major trauma and accounts for significant
morbidity and mortality in the trauma population. The
incidence of deep vein thrombus (DVT) and pulmonary
embolism (PE) is significantly increased in immobilized
patients as well as patients sustaining major trauma. Ini-
tial autopsy studies investigating trauma patients revealed
PE as the cause of death in 20% of patients [1]. The rate
of lower extremity VTE in patients that are not prophy-
laxed is reported to be 58%; 69% of patients sustaining
lower extremity orthopedic injuries develop DVTs [2].
The incidence of PE in trauma patients has been reported
to be between 2 and 22% [3], with nearly 40% of patients
with symptomatic proximal DVTs found on pulmonary
angiogram to have asymptomatic PE [4]. Patients sus-
taining major trauma have less physiologic reserve with
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which to cope with the deleterious physiologic effects of
a PE.

Many studies have investigated specific risk factors for
development of VTE. Geerts et al. [2] identified age, blood
transfusions, surgery, lower extremity fracture, and spinal
cord injury as independent risk factors for DVT. Various
studies have also implicated increased age, extremity
injury, head injury, thoracic injury, and surgery as risk
factors [5—7]. Menakar et al. [8] looked at specific types of
injuries and found the highest association of PE in those
patients incurring femur/lower leg (38%), thoracic (37%),
spinal (30%), and pelvic (22%) injuries.

Early intervention to prevent VTE is paramount in
preventing morbidity and mortality in these patients. The
use of low molecular weight heparin combined with
mechanical prophylaxis appears to be effective in
decreasing the incidence of fatal PE and significant DVT
[3, 9, 10]. However, risk factors for VTE must be balanced
with the potential bleeding complications, increased risk of
wound drainage, and other side effects such as thrombo-
cytopenia. The ability to determine which subgroups are at
higher risk for developing VTE and subsequently need
increased vigilance and prophylactic anticoagulation may
help clinicians in their decision-making.

Although the development of DVT and PE in pelvic and
lower extremity trauma has been investigated in various
studies, the incidence of VTE in patients with major upper
extremity trauma has never been reported previously. To
our knowledge, the impact of upper extremity trauma on
lower extremity VTE has not yet been described. The goal
of this study was to determine the incidence of VTE in
patients with upper extremity trauma and to establish
whether upper extremity trauma is an independent risk
factor for lower extremity thromboembolic complications
using a long-running trauma database at a single institution.
This study also aims to elucidate which patient variables
correlate with VTE in those sustaining upper extremity
trauma.

Materials and methods

Between 1 January 1997 to 31 December 2007, 10,268
patients sustaining blunt trauma were admitted at a Level 1
trauma center and were prospectively entered into a trauma
database. After institutional review board approval, infor-
mation was retrospectively obtained from this database,
and medical records were reviewed to identify 4,706
patients that met the pre-defined inclusion criteria with
complete data points for collection.

The inclusion criteria for the study group were major
upper extremity injury, including shoulder dislocations,
upper extremity amputations not including the hand, and
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fractures of the glenoid, humerus, or forearm, and diag-
nosis of DVT or PE during hospital course. DVT was
defined as an acute occlusive thrombus as documented by
ultrasound, venogram, impedance plethysmography, or
autopsy. PE was defined as a positive study by pulmonary
arteriography, post-mortem exam, or initiation of treatment
based on radionucleotide scanning. All patients during this
time period were subject to routine DVT prophylaxis as
outlined in the Clinical Management Guidelines [11]
(Fig. 1). In this four-tiered program, “low risk” patients
are not screened and do not receive DVT prophylaxis.
“Medium risk” patients get prophylaxis but no screening.
Patients in the “high risk” and “very high risk” groups
underwent surveillance lower extremity ultrasound within
72 h of admission and then serially every 5-7 days.
Additionally, “very high risk” patients receive an inferior
vena cava (IVC) filter. This management guideline was
instituted at the beginning of the study and was not mod-
ified over the course of the study. Routine upper extremity
DVT surveillance was not undertaken as part of the clinical
management guidelines. Exclusion criteria included: dis-
charge to home directly from resuscitation bay, crucial data
points missing, diagnosis of DVT or PE that could not be
confirmed.

Of the 4,706 patients, 233 were found to have either
DVT or PE. Of this group of patients with VTE, 32 had
sustained a major upper extremity injury; these patients
served as our case group. This case group included 1
glenoid fracture, 4 shoulder dislocations, 11 humerus
fractures, 14 forearm fractures, and 2 upper extremity
amputations. An injury-matched control group was formed
from the trauma database. Of the 4,706 patients that had
sustained blunt trauma, major upper extremity injury was
identified in 646 patients including 29 glenoid fractures,
33 shoulder dislocations, 205 humerus fractures, 369
forearm fractures, and 10 upper extremity amputations. In
order to have an equal number of control and study subjects
for each injury subgroup, control subjects were placed in
order by admit date, then a random number generator was
used to select matched controls equal in number to the
study group in a 1:1 fashion (i.e. of the 205 humerus
fractures in the control subject pool, 11 were randomly
selected to be in the control group).

Demographic data collected for all subjects included
age, gender, weight, and height. Medical co-morbidities
including coronary artery disease, history of cancer,
hypertension, or diabetes were also collected. Concomitant
injuries were classified by group and were defined as fol-
lows: (1) pelvic injuries included any bony injury involving
the pelvis, sacrum, or acetabulum; (2) major lower
extremity injuries included fractures of the femur or tibia
including pilon fractures and open ankle fractures (but not
closed ankle fractures), hip and knee dislocations, ankle
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Fig. 1 Deep vein thrombus
prophylaxis clinical practice
guidelines as described by
Frankel et al. [11]. Asterisk
SCDs are used if one or both
lower extremities are accessible.
Dagger Excluded or
contraindicated in patients with
epidural catheters. AIS Apache
Injury Score, GCS Glasgow
Coma Scale, ISS Injury Severity
Score, IVC inferior vena cava,
SCD sequential compression
device

No
prophylaxis
required

Risk or
No Factors Yes: 1 Enoxaparin
Q o
Daily

® Risk Factors

Age=40; 1SS = 9; blood transfusion; surgical
procedure 72 hours; lower extremity fracture;
pelvis fracture; immobilization; pregnancy; estro-
gen therapy; history of deep venous thrombo-
sis/pulmonary embolism; malignancy; hyperco-
aguable state (eg At Ill deficiency); extensive
soft tissue trauma; congestive heart failure.

* SCDs

Initial duplex of lower
extremities within 72
hours of admission,
then serial exams
every 5-7 days.

T Enoxaparin
40 mg sq
Daily

High Risk Factors
Age >50; 1SS > 16; femoral central line in trau-
ma bay; AIS =3 (any body region); GCS <9,
pelvic fracture; femuritibia fracture; venous

injury.

fracture.

fracture dislocations, and traumatic amputations; (3) minor
lower extremity injuries included closed foot fractures and
closed ankle fractures; (4) injuries to the spinal column
included fractures or dislocations of the spinal column
except the sacrum; (5) spinal cord injury; (6) major head
trauma included subdural or epidural hematoma, sub-
arachnoid or intraventricular bleed, pneumocephalus, and
depressed skull fractures; (7) major thoracic trauma
included cardiac or aortic injury, major pneumothorax or
hemothorax, pulmonary contusions, rib fractures, and
scapula fractures; (8) abdominal or retroperitoneal injuries.
Other variables collected included Injury Severity Score
(ISS), length of hospital stay, number of days on a venti-
lator, and mortality.

In cases where the comparison variable was continuous,
the Students ¢ test for independent samples was used, with
no assumption of equality of variance. In cases where the
variable was a count variable or categorical variable, a two-
tailed Chi-squared test with Yates correction was used
when appropriate. When numbers were too small to
accurately use this test, the Fisher’s exact test was utilized.
Pearson’s correlation coefficient was used to determine the

Very
High Risk

©

@ Very High Risk Factors
Spinal cord injury; AIS (head and neck 2 3) and
long bone fracture (upper or lower); severe
pelvic fracture (post elements), and long bone
fracture (upper or lower); multiple (23) long bone

Initial duplex of lower
extremities within 72
hours of admission
(then serial exams
every 5-7 days) if anti-
coagulation is possible.

-

1 Enoxaparin
40 mg =q
Daily

IvVC
Filter

degree of relationship between VTE rates over time. All
statistics were calculated with SPSS version 15 (SPSS Inc.,
Chicago, IL).

Results

The overall rate of lower extremity VTE and upper
extremity injury in the overall population was 4.95% (233/
4,706) and 13.7% (646/4,706), respectively. Of the 646
patients sustaining upper extremity injuries, 32 (4.95%)
developed either a DVT (30/646, 4.64%) or PE (2/646,
0.31%). A similar 4.95% incidence of lower extremity
VTE was calculated for patients who did not incur any
upper extremity injury (201/4,061). There was no signifi-
cant change in the rate of VTE after upper extremity injury
over time (Pearson’s coefficient = 0.390, p = 0.300).
There was no significant difference between lower
extremity VTE in patients with UE trauma compared to
patients with no UE trauma (p = 0.997). The number of
bilateral upper extremity injuries was similar between the
two groups (p = 0.708).
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The demographic and descriptive characteristics of the
two cohorts are summarized in Table 1. The mean age was
similar between the two groups (p = 0.757) with an
average of 45.2 years in the control group and 46.7 years
in our case group. When stratified by age (<40, 40-60,
>60), the groups were also similar with no significant
variation in rate of lower extremity VTE. Both cohorts
were predominantly male, with a larger proportion in the
thromboembolic group than in the control group, although
not reaching statistically significant levels (p = 0.140).
The rate of medical co-morbidities was not different
between the two groups (p > 0.285).

Concomitant injuries sustained by the two groups are
listed in Table 2. Head trauma was the only statistically
significant (p = 0.022) concomitant injury associated with
VTE. Both the length of hospital stay (25.5 vs. 10.9 days,
p = 0.002) and the number of days on a ventilator (12.3 vs.
2.6 days, p < 0.001) were significantly higher in the
thromboembolic group than the control group. Major lower
extremity injury (p = 0.140) and spinal column injury
(p = 0.107) approached significance. Of note, the two
patients that developed PE in this cohort both had pelvic
injuries and spinal column injury in addition to upper
extremity trauma. There was no statistical difference in
mortality rates (15.6% in VTE group vs. 9.7% in control
group, p = 0.708).

Table 1 Comparison of patient factors between cases and controls

Characteristic Control VTE p value
(n=31) (n = 32)

Age® 452 46.8 0.757
<40° 14 452% 14 43.8%  0.910
40-60° 7 22.6% 8 25.0%  0.822
>60° 10 323% 10 31.3%  0.932

Sex, male® 19 61.3% 26 81.3%  0.140

Injury Severity Score” 239 27.9 0.264

Weight (kg)* 74.3 80.2 0.238

Medical co-morbidities
Coronary artery disease® 1 32% 3 9.4% 0.613
Cancer” 0 0% 0% -
Hypertensionb 6 19.4% 10 31.3% 0.387
Diabetes mellitus® 2 6.5% 3 9.4% 0.999

# Days on ventilator” 2.6 12.3 0.002

Length of hospital stay® 10.9 25.5 <0.001

Mortality® 5 15.6% 3 9.7% 0.474

* Calculated with Students ¢ test for independent samples, equal
variances not assumed

® Calculated with two-tailed Chi-squared test with Yates correction
¢ Calculated with Fisher’s exact test
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Table 2 Comparison of VTE rate by injury type between cases and
controls

Injury Control VTE p value
(n =31) (n = 32)
Pelvic® 8 258% 8 25.0% 0.999
Major lower extremity® 8 258% 15 469% 0.140
Minor lower extremity® 3 97% 5 15.6% 0.708
Spinal column® 3 97% 28.1%  0.107
Spinal cord” 1 32% 2 6.3% 0.999
Head injury® 6 194% 16 50.0% 0.022
Thoracic injury® 12 387% 12 375% 0.999
Abdominal/retroperitoneal® 2 6.5% 1 3.1% 0.613

# Calculated with two-tailed Chi-squared test with Yates correction

® Calculated with Fisher’s exact test

Discussion

VTE, defined as deep vein thrombus (DVT) or a PE, is
common among trauma patients and represents a major
health problem that accounts for significant morbidity and
mortality. While there is no agreement on the incidence of
VTE in trauma patients and uncertainty regarding the
correlation between DVT and PE, clinicians agree that
prophylaxis is effective and important in preventing
potentially fatal PEs. Many different strategies can be
utilized to prevent VTEs, including external pneumatic
compression devices [12, 13], pharmacologic anticoagula-
tion [9, 10], and prophylactic IVC filter placement [14—16].
However, each method of prophylaxis does not come
without expense to the health care system and risks of
adverse effects. For this reason, the ability to determine
which patients are at a higher risk for developing a VTE
after a traumatic injury is essential to the management of
these patients and can help determine what method of
prophylaxis is most appropriate on a patient-specific basis.
A comprehensive literature review reveals that the role of
upper extremity trauma in development of VTE and the
associated risk factors for development of VTE in patients
incurring upper extremity trauma has not yet been inves-
tigated and reported. This study presents data showing that
upper extremity trauma is not an independent risk factor for
lower extremity DVT and PE.

The overall rate of VTE in this study (4.95%) is com-
parable to other studies with similar populations [2, 5, 7, 8,
17]. Incidence of VTE after trauma varies widely in the
literature, most likely due to the various inclusion/exclu-
sion criteria and patient populations, different criteria
prompting appropriate DVT or PE workup, and varying use
and levels of prophylaxis against thromboembolism in
some studies. Although Geerts et al. [2] reported a high
rate of lower extremity DVT (58%) and proximal vein
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thrombosis (18%) in a prospective cohort of 716 patients,
all subjects in this study underwent plethysmography or
venography to detect DVT regardless of risk factors, and
none of the subjects received routine prophylaxis against
thromboembolism. This is in contrast to a few large ret-
rospective studies in which the incidence of DVT and/or
PE is reported to be around 0.3% [5, 7, 8]. The subjects in
these large retrospective studies received early prophylaxis,
which has been shown to significantly decrease VTE rate
by a multiple of three [18]. Sharma et al. [17], in a similar
study of 507 patients that received VTE prophylaxis based
on risk factors, reported a 6.1% rate of DVT. These studies
are likely to underestimate the true rate of VTE, as studies
have shown that asymptomatic PE occurs frequently in
patients with DVT [4]. The relatively low rate of VTE in
these studies, as well as our reported rate, is likely
explained by the fact that not all patients received imaging
to detect DVT or PE. In the clinical management guide-
lines used for this study, only patients with “high” and
“very high” risk factors as outlined in the clinical man-
agement guidelines underwent routine duplex ultrasound
during the hospital course. Also, because these patients
received DVT prophylaxis according to clinical guidelines,
the rate of DVT will likely be lower than studies in which
no prophylaxis was used.

The most salient data in this study pertains to the rate of
VTE in patients sustaining upper extremity injury com-
pared to those that do not. The rate of VTE in upper
extremity trauma patients was 4.95%, identical to the rate
of VTE in the entire blunt trauma population. Notably, no
patients that developed VTE incurred a major upper
extremity fracture in isolation. Upper extremity trauma
does not appear to be an independent risk factor for VTE
based on the non-significant difference between VTE rates
in the group with upper extremity injury and the group
without upper extremity injury. As a result, we conclude
that a standard anticoagulation regimen based on current
clinical management guidelines is adequate and appropri-
ate for this patient population; increased or more aggres-
sive anticoagulation in patients with upper extremity
trauma is unnecessary, as the associated risks would be
unwarranted.

In this study, major head trauma was significantly
associated with an increased VTE rate. This is unlikely to
be limited to the population sustaining upper extremity
trauma, as previous literature has supported head trauma as
a risk factor for VTE [5]. The increased rate of VTE in
major head trauma could be a result of clinicians’ reluc-
tance to aggressively treat VTE in patients with potential
evolving head injuries. Also, patients with severe head
injuries are likely to spend longer periods of time immobile
in the intensive care unit. Immobility from limb immo-
bilization and/or neurologic injury predisposes to the

development of VTE [19-21]. The effect of bilateral upper
extremity injuries on mobility should also be considered. In
our study, although the overall rate of bilateral upper
extremity injury was similar between the two groups, our
database did not allow us to examine the effect of the
bilateral injuries on mobilization. Several other factors,
such as weight, concomitant lower extremity injury, and
spinal column trauma, also approached significance and
would be consistent with other risk factor analyses [2, 5, 6,
8, 22]. Although this study encompasses an 11-year data-
base of blunt trauma at a Level I trauma center, the power
of this study would be insufficient to detect small differ-
ences in VTE rates, likely because VTE is a rare compli-
cation. Of note, pelvic injury, spinal cord injury, and
abdominal injury were not associated with VTE in this
study, and the rate of VTE in the two groups did not appear
to be affected by medical co-morbidities. Length of hos-
pital stay and number of ventilator days were significantly
increased in the VTE group—these factors, such as head
injury, are likely to indicate an increased injury severity
and resultant physiologic insult. An intense hypercoagu-
lable state exists in patients sustaining severe trauma, and
some data have shown a correlation between severity of
injury and coagulation profile [23]. However, this con-
nection remains unspecified and some investigators have
challenged this claim. Meissner et al. [22] demonstrated
that although admission fragment 1 4 2 and p-dimer levels
were elevated in 81.4 and 100% of patients, respectively,
mean levels were not significantly different in those with or
without VTE. Only obesity (p = 0.004) and immobiliza-
tion greater than 3 days (p = 0.05) were independent
predictors of VTE in a multivariate analysis. They con-
cluded that although elevated in seriously injured patients,
neither markers of activated coagulation nor specific injury
patterns are predictive of VTE.

This study has several notable strengths. A large pool of
patients was reviewed with a clearly defined cohort of
patients with an injury-matched control group for com-
parison. Clinical management guidelines for VTE pro-
phylaxis were adhered to throughout the entire period from
which the patients were selected, and therefore, this pop-
ulation is known to be refractory to routine methods. There
are, however, some weaknesses in this study. The clinical
management guidelines followed in this study are part of a
standard that was developed to manage patients in critical
care surgery and was not necessarily designed specifically
for trauma patients. The study is retrospective and utilized
data up to 11 years old; as such, it was not possible to
investigate additional, potentially relevant parameters such
as upper extremity versus lower extremity DVT. As men-
tioned earlier, we were not able to examine the effect of
bilateral upper extremity injury on patient mobility, which
may have an effect on VTE rate. Nevertheless, we do not
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believe that these limitations significantly affect our con-
clusions and believe that this study generates further
questions regarding the effective utilization of anticoagu-
lation in upper extremity trauma. Potential investigations
include the rate of lower and upper extremity DVT in
patients with isolated upper extremity injuries and possibly
stratifying proximity of injury to increased or decreased
VTE rate, similar to that which has been developed for the
lower extremity.

Conclusions

VTE occurs at similar rates in patients sustaining upper
extremity injury compared to those blunt trauma patients
that do not. Of all patients that developed VTE in this
study, no patient had sustained upper extremity injury in
isolation. Major head injury, increased number of ventila-
tor days, and longer duration of hospital stay were risk
factors for lower extremity VTE. We conclude that in
patients sustaining blunt trauma, changes to standard
clinical management guidelines for prevention of VTE are
not necessary. Major upper extremity orthopedic trauma
does not appear to be an independent risk factor for lower
extremity VTE that warrants special attention in manage-
ment guidelines.

Conflict of interest statement The authors are aware of no conflicts
of interest, financial or otherwise, related to this work.
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