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Background. The literature reports a wide varia-
tion in the incidence of venous thromboembolic
(VTE) disease in trauma patients. The performance of
routine surveillance venous duplex ultrasound of bi-
lateral lower extremities is controversial. Further-
more, recent examinations of the national trauma
databank registry have suggested that routine duplex
surveillance is associated with higher deep venous
thrombosis (DVT) detection rates.
Materials and Methods. We examined the incidence

and risk factors for VTE disease in 2827 trauma pa-
tients admitted over a 2-y period to a state-verified
level I trauma center. Detailed chart review was car-
ried out for patients with VTE disease. We then evalu-
ated the effects of a routine bilateral lower extremity
duplex surveillance guideline on VTE detection in
the subset of injury patients admitted to the trauma
service.
Results. We found an approximately 2% incidence of

venous thromboembolic disease in a mostly blunt
trauma population. Amongst patients with VTE dis-
ease, the most common risk factors were obesity and
significant head injury. We then evaluated the 998 pa-
tients with injury who were admitted to the trauma
service 1 y before and after surveillance guideline im-
plementation. Despite a nearly 5-fold increase in the
number of duplex scans, with a substantial increase
in cost, we found no significant difference in the inci-
dence of DVT.
Conclusions. Our preliminary data argue against

the use of routine duplex surveillance of lower extrem-

ities for DVT in trauma patients. A larger, prospective
analysis is necessary to confirm these findings. � 2011

Elsevier Inc. All rights reserved.

Key Words: trauma; DVT; PE; thrombus; venous; pul-
monary; embolism; duplex; ultrasound; surveillance.

INTRODUCTION

Trauma is a risk factor for venous thromboembolic
(VTE) disease. The literature suggests a relatively
high incidence of VTE disease in trauma patients.
However, there is lack of consensus on the exact inci-
dence of VTE disease in trauma patients, and on the
best method of VTE prevention [1]. Rates of deep
venous thrombosis (DVT) have been reported to range
from 0.36% to 90% in trauma patients [2–6]. Reasons
for this wide range are myriad, but include the
inclusion or exclusion of infrageniculate thrombi and
thromboprophylaxis method used.

As trauma and critically ill patients are considered to
be at high-risk for DVT and its clinical diagnosis is
problematic, many centers have implemented routine
duplex surveillance programs of lower extremity veins.
It has been suggested that because greater than 50% of
patients with typical DVT symptoms do not have DVT
and conversely greater than 66% of significant DVT
are not clinically recognized, imaging should be rou-
tinely performed for DVT detection in surgical inten-
sive care unit patients [6]. To this end, as a level III
practice management guideline, the Eastern Associa-
tion for the Surgery of Trauma (EAST) suggested that
serial duplex ultrasound scanning of high-risk asymp-
tomatic trauma patients may be cost-effective and de-
crease the incidence of pulmonary embolism (PE) [7].
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Similarly, in 2004, an American College of Chest Physi-
cians (ACCP) consensus conference recommended sur-
veillance duplex scans only in high-risk trauma
patients who are unable to receive prophylaxis [8]. In
a 2008 update, as a grade 1C recommendation, the
ACCP recommended screening duplex exams in high-
risk patients (i.e., spinal cord injury, lower-extremity
or pelvic fracture, or major head injury) who have re-
ceived suboptimal or no thromboprophylaxis [9]. How-
ever, as a grade 1B recommendation, they advised
against routine duplex screening for asymptomatic
DVT in trauma patients [9].

In turn, evaluation of the National Trauma Data-
bank (NTDB) registry data demonstrated that in-
creased surveillance results in increased DVT
detection rates. In 2008, Pierce et al. [5] interrogated
theNTDBver. 6.1 registry data and concluded that hos-
pitals with more aggressive lower extremity DVT
screening procedures had higher DVT rates. They
found that in general, every percentage increase in sur-
veillance rate increased the reported DVT rate by 7%
[5]. In 2009, these authors analyzed ver. 6.2 of the Na-
tional Trauma Data Bank and found that admission
to a hospital that routinely screened for DVT was an in-
dependent predictor of DVT diagnosis, after controlling
for risk factors [10]. Huseynova et al. on evaluation of
ver. 7.1 of the National Trauma Data Bank came to
a similar conclusion [2].

In November 2006, the trauma service at our state-
verified level one trauma center implemented a guide-
line of routinely performing surveillance duplex scans
of bilateral lower extremities in high-risk trauma pa-
tients. Given the recent literature demonstrating in-
creased lower extremity DVT detection rates with
routine duplex surveillance, we hypothesized that the
incidence of lower extremity DVT after implementation
of this guideline would increase. Additional specific
aims of this study were to elucidate the incidence of
VTE events in trauma patients admitted to our hospi-
tal, regardless of admitting service, and to examine
the incidence of commonly described risk factors in
trauma patients with VTE events.

METHODS

Data Collection and Analysis

After obtaining University of Nebraska Medical Center Institu-
tional Review Board approval, we retrospectively queried our trauma
registry. This registry, which is captured by the NTRACS ver. 4 data-
base (Digital Innovations, Forest Hill, MD), includes all patients with
injury admitted to the hospital. The minimum length of stay in the
registry is 1 d, which equates with a stay of up to 24 h. Individual
charts of patients with venous thromboembolic events were
subsequently examined for comorbid conditions and injury details.
In tabulating DVT and PE data, only patients with imaging-proven
venous thromboembolic disease were counted. In calculation of

statistical values, data were generally rounded to the nearest integer.
To provide uniformity to length of stay measurement in patients with
VTE, for patients transferred to our trauma center from an outside fa-
cility, hospital length of stay included the length of stay at the refer-
ring hospital plus the length of stay at our institution. For definition
purposes, suprageniculate DVT included popliteal vein DVT. Statisti-
cal analysis was carried out using PC SAS ver. 9.2 (SAS, Cary, NC), in
consultation with the Biostatistics Department of the College of Pub-
lic Health, University of Nebraska Medical Center. A t-test was used
for continuous data and the c2 test was used for categorical data.
Fisher’s exact test was also used in comparing the percentage of pa-
tients admitted to the trauma service with VTE, before and after im-
plementation of the guideline. A test was considered statistically
significant if P � 0.05.

Routine Lower Extremity Venous Duplex Ultrasound

Surveillance Protocol

In November 2006, we initiated a guideline whereby high-risk
trauma patients admitted to the trauma service, with an expected
hospital length of stay > 2 d, undergo routine duplex ultrasound
surveillance of bilateral lower extremities for venous thrombosis.
Criteria for identifying high-risk trauma patients include age > 55
y, expected immobilization > 3 d, multiple blood transfusions, sur-
gery lasting longer than 2 h, severe head injury, spinal cord injury,
major venous injury, complicated pelvic fracture, and lower extrem-
ity fracture. Additional criteria for high-risk trauma patients in-
clude previous DVT history, obesity, hormone therapy, and
current or recent pregnancy. These criteria mirror high-risk criteria
identified in the literature [11–13]. This protocol advised that
screening should be performed on high-risk patients within the first
2 to 3 d of admission. All trauma service admissions after November
2006 were subject to the above guideline, however, given the above
recommendations, the definition of high-risk, and therefore the deci-
sion to implement lower extremity surveillance venous ultrasonog-
raphy was left to the physician’s discretion. After the initial
screening, weekly ultrasound examinations were done to monitor
current DVT status or to continue surveillance in the event of a neg-
ative scan. Our protocol has similarities to other surveillance programs,
where an initial scan is performed early in high-risk trauma patients,
followed by serial surveillance scans [4, 11]. Duplex scanning was
performed using linear (3–11 MHz) or sector (3–4 MHz) scan heads.
The pelvic veins were not assessed. Data on iliac vein thromboses
was gathered separately by computerized tomography (CT) scan and/
or ultrasound. DVT prophylaxis standing orders at admission to the
trauma service include options for sequential compression devices,
subcutaneous heparin (5000 units subcutaneously three times daily),
enoxaparin (30 mg subcutaneously twice daily or 40 mg once daily),
or no DVT prophylaxis in patients who are ambulating normally.
Mechanical and chemical prophylaxis are not mutually exclusive.

RESULTS

In querying our trauma registry, we found that in the
12 mo preceding initiation of routine bilateral lower ex-
tremity duplex ultrasound surveillance scanning for
DVT (late 2005–late 2006), therewere 1342 patients ad-
mitted for injury to various services of the hospital. In
the 12 mo following initiation of routine surveillance
(late 2006–late 2007), there were 1485 patients admit-
ted for injury to several different hospital services. In
examining the demographics of the trauma population
in late 2005–2006 and late 2006–2007, we noted compa-
rable mean age (49 y and 48 y), gender, hospital length
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of stay, percent of patients with blunt trauma (95% and
94%), and injury severity score (ISS 11 and 11), P not
significant (Table 1).

Approximately 1.9% (55 patients) of the 2827 patients
admitted for injury developed venous thromboembolic
events (DVT and/or PE), where 1.6% of patients (46) ex-
perienced DVT with or without PE (Table 2). Approxi-
mately 11% of 46 patients with DVT also had a PE.
Only 19% of these 46 patients had symptomatic DVT.
Lower extremity DVT occurred on average on postin-
jury d 11, with a standard deviation of 12 d, and a range
of 0 to 58 dpostinjury.Of note, approximately 13%of the
46 patients with DVT were noted to have DVT by post-
injury day one; with one DVT being noted on day of in-
jury. In examining the demographic characteristics of
the 55 patients admittedwith VTE, regardless of admit-
ting service, the most common findings were blunt
trauma in 93%, obesity with a body mass index
(BMI) > 30 in 44%, significant head injury (AIS � 3) in
31%, mechanical ventilation for 3 ormore d in 27%, sur-
gery> 2 h in 27%, two ormore long bone extremity frac-
tures/dislocations in 24%, and transfusion of 4 or more
units of PRBC in 24%. PRBC and FFP were adminis-
tered at various time points as needed, i.e., during hos-
pitalization, during resuscitation, intraoperatively, and
as needed to reverse injury or coagulopathy secondary
to prior anticoagulant use. Specifically, with regards
to PRBC use, five patients received uncrossmatched
blood as part of their resuscitation,with four of these pa-
tients undergoing surgery onday of admission. Further-
more, in evaluating significant pastmedical history that
would increase VTE risk, nine patients with VTE
also had a history of cancer, DVT, or hormonal thera-
py. One additional patient was found to have Factor II
deficiency.

We noted that the majority (28) of patients had infra-
geniculate only DVT, six patients had only suprageni-
culate DVT (including one who also had iliac vein
thrombus), 12 patients had combined supra- and infra-
geniculate DVT (including one who also had iliac vein

thrombus). With regards to prophylaxis, 32/46 (68%)
patients withDVTwere receiving chemical prophylaxis
on the day of or on the day immediately prior to DVT di-
agnosis; 15 of these patients were receiving enoxaparin.
Nine of 14 patients with pulmonary embolism with or
without DVT were receiving chemical prophylaxis;
seven were receiving enoxaparin. With regards to man-
agement of VTE events, 41% of patients had IVC filters
placed. However, this was not mutually exclusive with
therapeutic anticoagulation, as patients were also ther-
apeutically anticoagulated when possible. Specifically,
17/22 patients eventually received therapeutic anticoa-
gulation as well as an IVC filter

As the routine lower extremity duplex surveillance
protocol was implemented only in injured patients
who were admitted to the trauma service, we evaluated
this subset of patients for the 1 y before (late 2005–late
2006) and 1 y after (late 2006–late 2007) guideline ini-
tiation. Nine-hundred ninety-eight patients had a total
of 1017 admissions to the trauma service; some of these
patients were admitted more than once (Table 3). The
459 patients who were admitted to the trauma service
before surveillance guideline implementation were sig-
nificantly younger, more severely injured, and had lon-
ger hospital length of stay than the 1342 patients who
were admitted to all services of the hospital over the
same time frame. Similarly, the 539 patients admitted
to the trauma service after guideline implementation
were also significantly younger and more severely
injured than the 1485 patients admitted to all
hospital services with injury over the same time
frame. However, their length of stay was not signifi-
cantly different.

Venous thromboembolic disease was present in a mi-
nority of patients with injury admitted to the trauma
service, with a prevalence of 12/459 (2.6%) prior to im-
plementation of routine duplex surveillance and 15/
539 (2.8%) after initiation of routine ultrasound surveil-
lance (Table 3). This difference was not statistically sig-
nificant (P ¼ 0.99), as evaluated by Fisher’s exact test.
Of note, three DVT events occurred in children. The
first patient, in the prescreen group, was a blunt
trauma patient with head injury, who had an asymp-
tomatic DVT. The other two patients had penetrating
major vascular injury (iliac vein and femoral vein, re-
spectively). The patient with iliac vein injury also had
an asymptomatic DVT. Of note, two of the patients
with DVT were admitted before guideline implementa-
tion, but their scans were performed in the time period
following guideline implementation. If the data is tabu-
lated in this manner, there were 10 patients with DVT
of 457 (2.2%) pre-guideline trauma service patients and
16 patients with DVT in 541 (3.0%) post-guideline pa-
tients. However, the event rate remains statistically
nonsignificant, P ¼ 0.55.

TABLE 1

Demographics of Total Injury Population

2005–2006 2006–2007

Patients with injury 1342 1485
Average age 6 SD

(range)
49 6 25 y (0–102 y) 48 6 26 y (0–100 y)

Percent male 56 57
Average hospital

length of stay 6 SD
(range)

4 6 6 d (0–68) 5 6 12 d (1–69)

Average ISS 6 SD (range) 10 6 10 (1–75) 10 6 10 (1–75)
Percent blunt 95 94
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TABLE 2

VTE Patient Demographics

2005–2006
DVT alone

2005–2006
PE 6 DVT

2006–2007
DVT alone

2006–2007
PE6DVT

Total
(% of total VTE)

Patients (N, %) 24 7 (0.5%) (4 had both) 17 (1.1) 7 (0.5%) (1 had both) 55 (100%)
Average age (range) 50 6 19 (12–88) 75 6 13 (53–90) 53 6 22 (11–91) 68 6 16 (43–89)
Average ISS (range) 23 6 16 (1–59) 12 6 6 (9–25) 20 6 9 (5–38) 14 6 11 (4–38)
Average hospital LOS (range) 22 6 16 (4–65) 13 6 14 (2–44) 17 6 14 (2–44) 17 6 9 (7–34)
Blunt trauma (%) 23 (96%) 7 (100%) 14 (82%) 7 (100%) 51 (93%)
Head injury (AIS > 3) (N) 8 2 6 1 17 (31%)
Spinal cord injury (N) 1 0 3 0 4 (7%)
Pelvic fracture (N) 3 0 1 1 5 (9%)
� 2 Extremity fractures/dislocations (N) 7 1 4 1 13 (24%)
Abdominal solid organ injury (N) 3 0 0 0 3 (5%)
Major vascular injuryy 1 (aorta) 0 2 (1 femoral a/v.

1 bilat. Iliac v.)
0 3 (5%)

Shock (SBP < 90) at initial admission (N)* 3 0 3 0 6 (12%)
Surgery > 2 h prior to VTE (N)* 8 1 4 1 14 (27%)
Transfusion � 4 units PRBC (N)* 9 1 3 0 13 (24%)
FFP transfusion (N)* 3 0 3 0 6 (11%)
Factor VII use (N) 1 0 0 0 1 (2%)
Mech. ventilation � 3 d prior to VTE 10 1 3 0 15 (27%)
BMI > 30 (N)* BMI range 12 (17–53) 1 (17–31) 7 (19–42) 3 (22–38) 24 (44%)
IVC filter placed (N) 11 3 7 1 22 (40%)

* In calculating the percent of patients with these characteristics who developed VTE events, the denominator was reduced from 56 patients to exclude patients for whom the rel-
evant data were not available. Specifically, the denominator was 48 for shock, 52 for surgery greater than 2 h, 53 for packed red blood cell (PRBC) transfusion, 53 for fresh frozen
plasma (FFP) transfusion, and 54 for body mass index (BMI) calculation.

yIn the three patients with major vascular injury, there was 1 aortic injury, 1 femoral artery and vein injury, and 1 bilateral iliac vein injury.
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We found that the number of duplex scans increased
by 4.7 times, from 54 to 253 after guideline implementa-
tion, supporting the concept that implementation of the
surveillance guideline resulted in a change in practice.
Thirty-one scanswere performed on an outpatient basis
(four before guideline and 27 after guideline implemen-
tation) and five were performed in the ER (all after
guideline implementation). Correspondingly, the per-
centage of trauma service patients receiving duplex
scans significantly increased from 9% (40/459) to 25%
(133/539), following guideline implementation. To fur-
ther ascertainwhether this guideline resulted in a prac-
tice change, we examined the subset of patients
admitted to the trauma service with a hospital length
of stay greater than 2 d, as the guideline was designed
for patients with hospital length of stay greater than
2 d. If the fraction of patients undergoing scanning fol-
lowing guideline implementation remained small, we
would not have effected a practice change. As shown
in Table 3, the percentage of trauma service patients

with length of stay > 2 d undergoing duplex surveil-
lance increased from 16% (40/248) before guideline
implementation to 43% (122/284) after guideline imple-
mentation. The number of patients receiving duplex
scans in this group is slightly smaller than the number
performed in all trauma service admissions because
a few scans were done in the ER or were performed on
an outpatient basis in patients who were discharged
within two hospital days. We then retrospectively que-
ried the trauma registry to see howmany of the trauma
service patients with hospital length of stay> 2 dwould
be classified as high-risk by our criteria (age > 55, head
injury with AIS� 3, spinal cord injury, complicated pel-
vic fracture, lower-extremity long bone fracture, major
venous injury, multiple PRBC transfusions, or surgery
longer than 2 h), and howmany of these underwent du-
plex scanning. However, there are limitations with the
database in that any patient who had surgery (as op-
posed to surgery longer than 2 h), any PRBC transfu-
sion (as opposed to multiple blood transfusions), and
any pelvic fracture (as opposed to complex pelvic frac-
ture) were counted. Hence, the number of high-risk
patients is overestimated. Noting this caveat, we found
that in 2005–2006, 207 patients with hospital length of
stay > 2 d would have met the surveillance criteria for
high-risk; of these, 40 (19%) patients underwent lower
extremity duplex surveillance. In 2006–2007, 232 pa-
tients with length of stay > 2 d would have met these
criteria; of these, 115 (49.6%) went duplex surveillance.

Finally, there is the issue of cost. At our hospital, the
cost of a bilateral lower extremity duplex scan in 2007
wasapproximately $800; thisdoesnot include theprofes-
sional interpretation fee, which was approximately $100
additional. Therewere 199more duplex scans performed
ona traumapopulationwith 80additional patients, after
the implementationof the routinesurveillanceguideline.
If the rate of 9% duplex surveillance was continued for
998 patients, the cost would be $80,838. If the rate of
25% duplex surveillance was continued for the 998 pa-
tients, the cost would increase to $224,550 without a sig-
nificant change in DVT detection rate.

DISCUSSION

We found a relatively low incidence of VTE disease in
trauma patients. As noted by Adams et al., there is no
consensus on the incidence of VTE events in trauma pa-
tients as well as on best method of prevention [1]. While
a variety of injury patterns have been identified as
high-risk for DVT development, there is controversy
on the importance of various injuries. Cipolle et al.
found that the vast majority of DVT occurred in pa-
tients with one of four major injury categories: closed
head injury, long bone fracture, pelvic fracture, and

TABLE 3

Patients Admitted to the Trauma Service

Before surveillance
(N) (2005–2006)

After surveillance
(N) (2006–2007)

Trauma patients 459 539
Average LOS 6 SD

(range)
6 6 9 (0–68) 6 6 8 (1–75)

Average age 6 SD
(range)

37 6 19 (0.5–89) 36 6 20 (–92)

Average ISS 6 SD
(range)

15 6 13 (1–75) 15 6 13 (1–75)

Number of patients
with duplex scans

40 133

Number of duplex scans 54 253
Mean (SD) number of

duplex scan per
scanned patient

1.3 6 0.8 1.9 6 1.7

Range of duplex scans
per scanned patient

1–5 1–12

Trauma admissions with
LOS >2 d

248 284

Average LOS 6 SD
(range of d)

10 6 10 (3–68) 10 6 9 (3–75)

Average age 6 SD
(range)

40 6 20 (0.5–89) 41 6 21 (1–92)

Average ISS 6 SD
(range)

20 6 13 (1–66) 20 6 13 (–75)

Number of patients
with duplex scans

40 122

Total trauma patients
with VTE disease

12 15

Average age 6 SD
(range)

44 6 16 (12–61) 50 6 20 (11–70)

Average ISS 6 SD
(range)

35 6 12 (18–45) 34 6 8 (9–34)

Patients with DVT 12 14
Symptomatic DVT 1 2

Patients with PE 0 1
Number of duplex scans 37 52
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spinal cord injury [14]. According to EAST practice
management guidelines in 2002, only spinal cord injury
or spinal fractureswere found to have level 1 data as be-
ing high-risk injuries for VTE development [7]. On
meta-analysis, a variety of factors, including increasing
ISS, blood transfusion, long bone fractures, pelvic frac-
tures, and head injuries did not prove to be of major sig-
nificance [7]. Meanwhile, a recent analysis of NTDB
data suggested that age � 40 y, extremity injury
(AIS� 3), head injury (AIS� 3), ventilator days� 3, ve-
nous injury, andmajor surgery were important risk fac-
tors [10]. In our patients with VTE, the most common
patient and injury characteristics, in descending order
of frequency, were obesity, severe head injury, mechan-
ical ventilation for 3 or more d, and surgery lasting lon-
ger than 2 h.

Our study also further highlights the problem of in-
frageniculate DVT. Their diagnosis and management
are controversial. In trauma patients with DVT, Cipolle
et al. noted that 40% of DVT were located below the
knee [14]. Iskander et al. found a 15.7% incidence of in-
frageniculate DVT in 698 screened trauma patients
[13]. Furthermore, they found that 35.7% of patients
with infrageniculate DVT had propagation of the clot;
it propagated to a suprageniculate location about 33%
of the time and to an infrageniculate location 66% of
the time, despite thromboprophylaxis in a majority of
patients. We noted a high incidence (62%) of infrageni-
culate DVT in trauma patients. Furthermore, we noted
that in three of the five patients with DVT and PE, the
clots were infrageniculate in location.

While prophylaxis for DVT in trauma patients is gen-
erally advised, there is debate about the best agent for
chemical prophylaxis and on the merits of mechanical
prophylaxis in only high-risk trauma patients. A Co-
chrane review of general high-risk patients found that
the addition of pharmacologic prophylaxis to mechani-
cal compression devices significantly reduced the inci-
dence of symptomatic pulmonary embolism (3%
versus 1%) and DVT (4% versus 1%), as compared to
compression devices alone [15]. Meanwhile, as com-
pared with pharmacologic prophylaxis alone, the addi-
tion of compression devices significantly reduced the
incidence of DVT (4.21% versus 0.65%); however their
studies were underpowered with regards to PE [15].
Meanwhile, a meta-analysis in 2010 of subcutaneous
heparin versus mechanical compression prophylaxis
in postoperative and trauma patients indicated a simi-
lar pooled relative risk for DVT and PE [16]. In this
regard, Schwarcz et al. argued for the preferential use
of low-molecular weight heparin, as opposed to
unfractionated heparin in high-risk trauma patients
[17, 18]. In 2008, the ACCP recommended routine
thromboprophylaxis for major trauma patients. As
a grade 1A recommendation, they suggested chemical

prophylaxis with low molecular weight heparin [9]. As
a grade 1B recommendation, mechanical prophylaxis
was advised when chemical prophylaxis is not war-
ranted, or in combination with chemical prophylaxis
[9]. Themajority of trauma patients with VTE at our in-
stitution were receiving mechanical prophylaxis and/or
chemical prophylaxis. An important reason for lack of
thromboprophylaxis in patients with VTE was type of
injury, i.e., chemical prophylaxis was withheld for vari-
able periods of time in patients with significant head in-
jury. We noted VTE events in patients on heparin or
enoxaparin.

A recent survey by Haut et al. found a wide variation
amongst trauma surgeons regarding the necessity for
and timing of surveillance duplex scans in asymptom-
atic trauma patients [19]. Our finding of no significant
change in the DVT detection rate after implementation
of the surveillance guideline, despite a nearly 5-fold in-
crease in surveillance rate, contrast those of Haut et al.,
who noted that a 4-fold increase in duplex surveillance
rate was associated with a 10-fold increase inDVT diag-
nosis, after implementation of a practice management
guideline in high-risk asymptomatic trauma pa-
tients [20].

An argument can be made for routine screening as
previous work in medical-surgical ICU settings has
demonstrated that the majority of ultrasound-proven
DVT are asymptomatic [21]. In a prospective study,
Crowther et al. demonstrated the futility of clinical ex-
amination in DVT detection in medical-surgical inten-
sive care unit patients, with an area under curve of
0.57 to 0.59 depending on stratification/scoring system
used [22]. In two additional studies by Cook et al., there
was an unsuspected 9-10% incidence of DVT in criti-
cally ill patients [23, 24]. In a study of trauma
patients, Adams et al. noted on routine surveillance
imaging that began after seven days in non-
ambulatory or high-risk patients that 9/64 DVT identi-
fiedwere in symptomatic patients [1]. Similarly, Cipolle
et al. in 2002 noted a yearly DVT rate of 0.7%–5% and
a PE rate of 0.1% to 0.64% in trauma patients [14].
They noted that the positivity rate of duplex scanning
with routine surveillance was 15%–20%, where only
25% of DVT were symptomatic [14]. This is comparable
to our finding that only 19% of DVT were symptomatic.

Furthermore, lower extremity screening for DVT is
felt to be important because up to 90% of PE are thought
to emanate from proximal lower extremity DVT and
25%–90% of DVT patients will develop post-phlebitic
syndrome [6]. Additionally, the presence of DVT in-
creases the risk for recurrent DVT by 10%, and with
more than one DVT, risk of recurrence increases to
20%, even with anticoagulation [6]. Finally, an argu-
ment for evaluation of the asymptomatic leg in patients
with unilateral lower extremity DVT is made by
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Pennell et al. who found a 20% incidence of contralat-
eral leg vein DVT [25]. As such, earlier recognition
and treatment of DVT may prevent some of these com-
plications from developing.

Conversely, there are a variety of arguments against
routine duplex surveillance. As noted above, the ACCP
Consensus Conference in 2008 recommends screening
only in high-risk patients who receive suboptimal or
no thromboprophylaxis [9]. Even the argument that
early detection and treatment of DVT would prevent
subsequent pulmonary embolism has been challenged.
To this end, in 2005, Borer et al. retrospectively evalu-
ated the effect of screening with ultrasound and
magnetic resonance venography on the incidence of
pulmonary embolism in 973 patients with pelvic or ac-
etabular fractures [3]. They found no significant differ-
ence in the incidence of pulmonary embolism in two
time periods, before and after implementation of rou-
tine surveillance. Eight of the 10 patients who devel-
oped PE had undergone routine screening, which was
negative for DVT. Similarly, Velmahos et al., in a retro-
spective study of 247 trauma patients undergoing CT
pulmonary angiography and CT venography, identified
pulmonary embolism in 19% of patients and DVT in 7%
of patients [26]. Only 15% of patientswith PEhad a con-
comitant DVT [26]. Based on their work and several
other studies cited, these authors suggested that
many clots may originate de novo in the pulmonary cir-
culation [26].

Given the above studies, which failed to demonstrate
a reduction in PE rates with routine lower extremity
surveillance, and given the substantial additional cost
of routine surveillance without a significant change in
DVT detection rate, our preliminary results further ar-
gue against routine surveillance.

This study has several limits. First, routine duplex
surveillance was only done on lower extremities. As
noted by Ascher et al. in a study of 210 patients with up-
per extremity or internal jugular vein DVT, 5.7% of pa-
tients were found to have PE that could be solely
attributed to upper extremity DVT [27]. Additionally,
while significantly more patients admitted to the
trauma service following guideline initiation under-
went surveillance duplex, not all patients admitted to
the trauma service who would have met high-risk crite-
ria received surveillance duplex scans. The lack of
a higher guideline implementation rate may be in
part because guideline implementation, while sug-
gested, was not required. Finally, this study has the
limitations of a retrospective review. As such, indica-
tions (e.g., symptoms) for duplex imaging were not al-
ways available. Furthermore, the ordering of the
initial and subsequent surveillance duplex scans was
variable. Finally, retrospective querying of the trauma

registry for identification of high-risk patients encoun-
tered similar challenges.

CONCLUSIONS

We found that the incidence of VTE in patients ad-
mitted for injury was relatively low. Contrary to our ex-
pectation, routine lower extremity venous duplex
surveillance in high-risk patients admitted to the
trauma service did not result in significantly higher
DVT detection rates despite a nearly 5-fold increase
in number of duplex scans. These preliminary data ar-
gue against the utilization of routine duplex surveil-
lance in trauma patients, at a cost savings of about
$900 per patient. Further prospective study is needed
to confirm this finding.
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