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Abstract
Objectives: Deep vein thrombosis (DVT) is both common and serious, yet the desire to never miss the
diagnosis, coupled with the low speciﬁcity of D-dimer testing, results in high imaging rates, return visits, and
empirical anticoagulation. The objective of this study was to evaluate a new approach incorporating bedside
limited-compression ultrasound (LC US) by emergency physicians (EPs) into the workup strategy for DVT.
Methods: This was a cross-sectional observational study of emergency department (ED) patients with
suspected DVT. Patients on anticoagulants; those with chronic DVT, leg cast, or amputation; or when the
results of comprehensive imaging were already known were excluded. All patients were treated in
the usual fashion based on the protocol in use at the center, including comprehensive imaging based on
the modiﬁed Wells score and serum D-dimer testing. Seventeen physicians were trained and performed
LC US in all subjects. The authors identiﬁed a priori an alternate workup strategy in which DVT would
be ruled out in “DVT unlikely” (Wells score < 2) patients if the LC US was negative and in “DVT likely”
(Wells score ≥ 2) patients if both the LC US and the D-dimer were negative. The criterion standard was
based on comprehensive imaging interpreted by radiologists blinded to LC US ﬁndings and by
structured medical record review at 6 months in patients without comprehensive imaging.
Results: A total of 227 patients were enrolled (47% DVT likely), of whom 24 had DVT. The LC US was
positive in 27 cases (21 actually DVT positive), indeterminate in 28 (one DVT positive), and negative in
172 (two DVT positive). Of 130 patients deemed DVT negative by the new strategy, one had conﬁrmed
DVT (miss rate = 0.8%; 95% conﬁdence interval [CI] = 0.1% to 4.0%), but this patient had been
misclassiﬁed by the treating physician as low risk by Wells criteria. The stand-alone sensitivity and
speciﬁcity of LC US were 91% (95% CI = 70% to 98%) and 97% (95% CI = 92% to 99%), respectively.
Incorporating LC US into the diagnostic approach would have reduced the rate of comprehensive
imaging from 70% to 43%, D-dimer testing from 100% to 33%, and the mean time to diagnostic certainty
by 5.0 hours and avoided 24 (11%) return visits for imaging and 10 (4.4%) cases of unnecessary
anticoagulation. In 19% of cases, the treating and scanning physician disagreed whether the patient was
DVT likely or DVT unlikely based on Wells score (j = 0.62; 95% CI = 0.48 to 0.77).
Conclusions: Limited-compression US holds promise as one component of the diagnostic approach to
DVT, but should not be used as a stand-alone test due to imperfect sensitivity. Tradeoffs in diagnostic
efﬁciency for the sake of perfect sensitivity remain a difﬁcult issue collectively in emergency medicine
(EM), but need to be scrutinized carefully in light of the costs of overinvestigation, delays in diagnosis,
and risks of empirical anticoagulation.
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D

eep venous thrombosis (DVT) is common, with
an estimated annual incidence of 70 per 100,000
among the general population and can be fatal
should it embolize to the lungs.1 One widely accepted
diagnostic approach to DVT is based on clinical suspicion, application of the modiﬁed Wells score for risk
stratiﬁcation, and serum D-dimer in low-risk patients to
reduce unnecessary imaging.2 While comprehensive
ultrasound (US) imaging (i.e., comprehensive imaging
from proximal veins to trifurcation in the calf interpreted by a radiologist) is the most accurate way to
diagnose DVT, its availability is often limited to daytime hours.3 Given the danger of a missed diagnosis,
emergency physicians (EPs) may initiate anticoagulation
empirically when same-day comprehensive US is
unavailable, even though most comprehensive studies
are ultimately negative. Moreover, the absence of a
validated clinical decision instrument to forgo D-dimer
testing in ultra-low-risk patients, the desire for perfect
diagnostic accuracy, and the moderate speciﬁcity of
D-dimer testing drive up imaging rates and render current approaches inefﬁcient.
Portable US at the bedside by EPs has become routine for a number of conditions, usually as a component
of the overall diagnostic approach rather than a standalone diagnostic test. An abbreviated US examination of
the lower extremity has been proposed for the bedside
diagnosis of DVT by EPs, a technique commonly
referred to as limited-compression (LC) US.4–10
Our objective was to investigate observationally a
potential alternate strategy incorporating LC US into
the workup of patients with possible DVT. We were
particularly interested in whether negative LC US alone
might be sufﬁcient to rule out DVT in modiﬁed Wells
score “DVT unlikely” patients and whether the combination of a negative LC US and negative D-dimer would
rule out DVT in modiﬁed Wells score “DVT likely”
patients. We also wondered how LC US performed by
EPs would be compare to comprehensive imaging and
how reliably EPs classiﬁed patients as DVT likely or
unlikely using the modiﬁed Wells score.
METHODS
Study Design
We performed a cross-sectional observational study. All
subjects provided explicit written consent, and the study
was approved by the institutional research ethics board.
Study Setting and Population
This study was performed at a tertiary care emergency
department (ED; annual census 48,000 visits) and a hospital-based urgent care center (44,000 visits) between
November 2009 and December 2010. We attempted to
enroll consecutive patients with suspected DVT of the
lower extremity, limited only to the availability of a physician trained in LC US. For inclusion in the study, the
treating EP had to suspect lower-extremity DVT and
order either a serum D-dimer or comprehensive US.
We excluded patients younger than 16 years and those
with known chronic DVT, empirical anticoagulation for
greater than 48 hours prior to comprehensive imaging,
inability to assess the femoral or popliteal areas
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(e.g., cast or above-knee amputation), or previously
identiﬁed acute DVT on comprehensive imaging, if the
results were known to the enrolling physician. During
daytime and evening hours up to 7 days a week, on-site
research staff helped identify eligible patients. In addition, an automated text message was generated by our
real-time surveillance system11 shortly after patient registration based on a standardized chief complaint (i.e.
“lower extremity pain, swelling, or redness” or any chief
complaint containing the phrase “deep venous thrombosis” or “DVT”) and transmitted to a designated cell
phone carried by one of the investigators.
Study Protocol
LC US Training and Technique. Limited compression
US technique requires the identiﬁcation of the common
femoral vein starting near the inguinal ligament where
it bifurcates from the greater saphenous vein. Starting
where the greater saphenous vein bifurcates, the common femoral vein is assessed for compressibility at
1-cm intervals distally until 2 cm distal to its bifurcation into the superﬁcial and deep femoral veins. The
popliteal vein is then identiﬁed in the popliteal crease
and is assessed for compressibility proximally until the
vein becomes less distinct and distally until the trifurcation into calf veins. Only if all points of assessment are
fully compressible is the scan considered negative for
DVT.12,13
A total of 17 physicians (ﬁve attending EPs, 12 emergency medicine [EM] residents) agreed to participate in
the study and underwent training. US experience varied
widely among the trained physicians, but only three
physicians had completed fellowship training in EM US.
All physicians had to be considered proﬁcient in US to
participate, and each had performed a minimum of 50
bedside US scans in each of the following: aorta, pericardium, focused assessment with sonography in
trauma, and obstetrics/gynecology. For this study, a
2-hour didactic training session was given by the
authors (RP, JN), followed the next day by a minimum
of 12 supervised scans on healthy volunteers. Throughout the study period, if physicians felt they needed
refreshing of their US skills, an ad hoc training session
was provided by one of the authors.
All subjects underwent bedside LC US using a 10- to
12.5-MHz linear array probe (Esoate MyLab 5, Esoate
Europe B.V., Maastricht, the Netherlands). The scanning
physician recorded his or her interpretation of the scan
on the study form while blinded to the D-dimer or comprehensive US results and was instructed not to modify
practice based on the bedside scan, nor to communicate
the interpretation of the scan to the treating physician.
Bedside LC US was performed after the comprehensive
US in some patients, but scanning physicians were
blinded to these results. All scanning physicians were
instructed to exclude the subject if the comprehensive
US results were known to them. Prior to beginning the
study, we arbitrarily decided that each physician would
not be permitted to US more than 35 subjects.
Patients were classiﬁed as either DVT unlikely or DVT
likely based on the treating physician’s assessment
using the modiﬁed Wells criteria (score < 2 or score ≥ 2,
respectively).14 The individual elements and the total
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score were recorded by the treating physician on a
study form prior to diagnostic testing. When the scanning physician and the treating physician were not the
same individual, the scanning physician independently
assessed and explicitly recorded each component of the
modiﬁed Wells criteria prior to scanning to allow
assessment of interrater reliability.
The study was designed to test a new diagnostic
approach to DVT that incorporated LC US by the EP. We
hypothesized a priori that we would consider DVT ruled
out by a negative LC US alone in DVT unlikely patients
and by both a negative LC US and a negative D-dimer in
DVT likely patients (Figure 1A). All other patients would
undergo comprehensive imaging, including those in
whom LC US was deemed indeterminate. We compared
how this new diagnostic strategy would perform against
the protocol currently endorsed by our institution (Figure 1B), but explicitly asked physicians to continue using
the current approach throughout the study.

(A)

The physician performing the ED LC US recorded the
time required to perform the scan. A stopwatch was
attached to the US machine and the timer was started
as the US physician had the probe in hand ready to
begin. The timer was stopped once the US was complete and the physician had determined whether he or
she believed DVT to be present or not.
To calculate the difference in time to deﬁnitive diagnosis between our proposed strategy and the currently
used strategy, we used the end time of the LC US, the
time the D-dimer results were posted to the computerized laboratory information system, or the time stamp
on the last image frame of the comprehensive US as
appropriate for ﬁnal diagnosis under the given strategy.
We recognized that these time points underestimated
the time the treating physician became aware of
D-dimer and comprehensive imaging results, but we
could not reliably estimate the ﬁnite time required for
radiologist interpretation and transmission of results to

Modified Wells score

<2
DVT unlikely

≥2
DVT likely

Limited compression
ultrasound

Limited compression
ultrasound

Negative

Positive

Positive

Negative

D-dimer

Anticoagulate
No DVT,
no further testing
Arrange comprehensive ultrasound

Positive

Negative

Modified Wells score

(B)

Negative

No DVT,
no further testing

<2
DVT unlikely

≥2
DVT likely

D-dimer

D-dimer

Positive

Negative

Arrange comprehensive ultrasound

Positive

Consider
anticoagulation*

Figure 1. (A) Proposed new diagnostic approach incorporating by EP to rule out DVT. (B) Current diagnostic approach to suspected DVT. DVT = deep vein thrombosis; LC US = limited-compression ultrasound.
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the treating physicians. In all cases, time intervals were
calculated beginning from the time of patient registration for the initial visit when DVT was ﬁrst suspected
until deﬁnitive results were obtained. Speciﬁcally, when
subjects were discharged home to return the next day
for comprehensive imaging, the time recorded was
from the ﬁrst encounter until the ﬁnal US results were
obtained the next day.
Subjects were treated based on usual clinical care at
the discretion of their treating EPs. The standard treatment approach to patients in use at our center since
circa 2005 is based on the modiﬁed Wells score of DVT
unlikely or DVT likely, D-dimer testing, and comprehensive US imaging. D-dimer testing was by quantitative
latex immunoassay (Diagnostica Stago, Parsippany, NJ;
cutoff < 0.50 lg/mL). Comprehensive US imaging was
performed in the hospital’s Department of Diagnostic
Imaging by certiﬁed medical US technicians and interpreted by radiologists with special expertise in US
imaging, blinded to the ﬁndings of the LC US. At our
institution, comprehensive US is generally not available
evenings or some weekends. Any arrangements for
urgent outpatient imaging and decisions regarding
empirical initiation of low-molecular-weight heparin
prior to comprehensive imaging were left to the discretion of the treating physicians, who were instructed not
to alter practice based on the study.
The criterion standard of DVT (disease positive) was
based on comprehensive imaging interpreted by radiologists blinded to LC US ﬁndings and by structured
medical record review at 6 months in patients without
comprehensive imaging who were deemed DVT negative by the treating EP (typically DVT unlikely patients
with negative serum D-dimer).
Outcome Measures
The primary outcome was the projected effect of our
workup strategy on rates of missed DVT and of comprehensive imaging. The secondary outcomes were
effect on return visits, empirical anticoagulation, time to
deﬁnitive diagnosis, the stand-alone diagnostic accuracy
of LC US, and the interobserver reliability of the modiﬁed Wells score.
Data Analysis
We performed an a priori sample size calculation based
on the precision of the estimated speciﬁcity of D-dimer.
Based on conservative literature estimates and our own
experience, and assuming a total enrollment of 140
patients, we estimated that at least 100 (70%) would be
DVT negative.15 Assuming LC US to be at least 90%
speciﬁc,9 the exact 95% conﬁdence band around this
point estimate would be relatively narrow at !6%.
Assuming the D-dimer to be only 70% speciﬁc,15 we
would have over 80% power at a two-sided
alpha of 0.05 to detect a speciﬁcity improvement of
20% using McNemar’s test. McNemar’s power also
rises with concordance between the compared methods, such that we would have 80% power to detect a
12.5% improvement if concordance was at least 80%.
Because we achieved the target enrollment faster than
expected, we continued to enroll subjects into the study
for 1 year to further improve the precision of our
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ﬁndings. Statistical analyses were performed using
SAS version 9.1.
RESULTS
Based on an electronic health records search, a total of
461 patients presented during the study with chief complaints related to possible DVT. Of these potentially eligible candidates, 224 could not be enrolled for a variety
of reasons, leaving 237 who agreed to participate. Of
these, 10 were excluded after providing consent and did
not undergo LC US. There were a total of 227 subjects
enrolled (Figure 2).
A total of 184 patients (81%) underwent comprehensive imaging, of whom 24 were diagnosed with DVT.
No additional cases of DVT or pulmonary embolism
were identiﬁed on medical record review at 6 months in
patients who did not undergo comprehensive imaging.
The mean (!SD) age of study subjects was
56 (!18) years, and 137 were female (60%). A total of
121 (53%) were deemed DVT unlikely and the remaining
106 were DVT likely. LC US was positive in 27 patients
(21 DVT positive), indeterminate in 28 patients (one DVT
positive), and negative in 172 (two DVT positive; Data
Supplement S1a, available as supporting information in
the online version of this paper). Subjects with indeterminate LC US had a substantially higher body mass
index (35.7 [!9.9] kg/m2 vs. 29.5 [!6.6] kg/m2; p < 0.001).
The three physicians who performed the most scans
accounted for 88 (38.7%) scans. Details regarding the
accuracy of each physician performing bedside US are
available in Figure 3. The treating physician differed
from the scanning physician in 132 (58.1%) cases. The
mean (!SD) length of time for the EP to complete the
LC US was 5.1 (!3.0) minutes. The median interval
between the LC US and the comprehensive US was
1.3 hours (interquartile range [IQR] = 0.4 to 16.2 hours),
and in 52 cases (28%) the comprehensive US had been
performed ﬁrst.
The stand-alone sensitivity and speciﬁcity of LC US
compared to the criterion standard (either comprehensive imaging or 6-month medical chart review in
patients without comprehensive imaging) were 91%
(95% conﬁdence interval [CI] = 70% to 98%) and 97%
(95% CI = 92% to 99%), respectively (Table 1). The positive likelihood ratio of LC US by itself was 27, and the
negative likelihood ratio was 0.090. In the subset of
patients who received comprehensive imaging, the
stand-alone sensitivity and speciﬁcity of LC US compared to comprehensive imaging by radiology were 91
and 96%, respectively. The speciﬁcity of the D-dimer
was 52% (95% CI = 45% to 59%).
The overall interrater reliability for the modiﬁed Wells
criteria was deemed good16 (j = 0.62, 95% CI = 0.48 to
0.77; Data Supplement S2, available as supporting information in the online version of this paper), yet 20 of 106
patients (19%) were classiﬁed into different risk groups
by the two physicians. Moreover, the individual elements
of the modiﬁed Wells score varied considerably in their
interrater reliability. Two elements in particular, namely,
the presence of deep vein tenderness and of collateral
superﬁcial veins, had poor interrater reliability, and
accounted for much of the discrepant classiﬁcation.
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93,000 patient visits
224 excluded
60 DVT not suspected
59 met exclusion criteria
50 no scanning physician available
31 no research personnel available
8 previously enrolled
7 refused
5 missed for unknown reasons
2 agitated or uncooperative
1 scanning physician not blinded
1 left without being seen

Potentially eligible
n=461

Provided consent for
participation
n=237

10 excluded from analysis after consent
2 withdrew consent
2 no scanning physician available
2 known chronic DVT
1 scanning physician not blinded
1 withdrawn due to syncope during scan
1 uncertified scanning physician
1 found to be on warfarin

LC US
n=227

Abnormal result
n=27

Normal result
n=130

Inconclusive result
n=70

No comprehensive ultrasound
n=40

No comprehensive ultrasound
n=3

Comprehensive ultrasound
n=27

Comprehensive ultrasound
n=90

Comprehensive ultrasound
n=67

DVT present
n=21

DVT present
n=1

DVT present
n=2

Figure 2. STARD diagram showing flow of potentially eligible, consented, and studied patients. DVT = deep vein thrombosis; LC
US = limited-compression ultrasound.

Had our workup strategy been followed, the comprehensive imaging rate would have been 43% (24% of
studies positive for DVT), substantially less than the
actual rate of 81% (13% positive) or even the 70% rate
(15% positive) had treating physicians adhered to the
institutional protocol (absolute rate reduction = 27%,
95% CI = 18% to 36%; Table 2). Moreover, the mean
time to deﬁnitive diagnosis would have been reduced by
5.0 hours. The new strategy would also have prevented
24 of 68 return visits for next-day imaging and 10 of 51
patients receiving unnecessary anticoagulation. There
was a single false-negative patient in our approach, for
an overall sensitivity of 96% (95% CI = 77% to 100%;
Data Supplement S3, available as supporting information in the online version of this paper). This patient
was deemed DVT unlikely by the treating physician and
had a popliteal thrombus on comprehensive US 1 hour

later. On retrospective review of the treating physician’s
own record of treatment, this patient should have been
classiﬁed as DVT likely (active breast cancer with popliteal tenderness, giving a Wells score of 2). This patient
did have a positive D-dimer and therefore the DVT
would not have been missed had the patient been properly classiﬁed as DVT likely.
DISCUSSION
Rather than using LC US as a stand-alone test, we contemplated how it could be integrated into a diagnostic
pathway for patients with suspected DVT and reduce
the need for further testing. We were interested to
know whether bedside US might reduce comprehensive
imaging and D-dimer testing rates without compromising the ability to identify DVT. We selected one strategy
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Figure 3. Diagnostic accuracy by individual EP over the course of the study. The total number of scans performed by each physician is shown as a histogram bar, with the order of scans arranged chronologically from bottom to top. For example, scanning physician O first performed a true-negative scan, then a false-positive, followed by five more true-negatives (representation adapted
from Kline et al.10).

Table 1
Stand-alone Diagnostic Accuracy of Individual Components of Workup Strategy

Component

Positive,
n (%)

Negative,
n (%)

Wells score (cutoff ≥ 2)
D-dimer (cutoff ≥ 0.50 lg/mL)
Comprehensive US
LC US

106
114
24
27

121
98
160
172

(46.7)
(50.2)
(10.6)
(11.9)

(53.3)
(43.2)
(70.5)
(75.8)

Not Done or
Indeterminate, n (%)
0
15
43
28

(0)
(6.6)
(18.9)
(12.3)

Sensitivity,
% (95% CI)

Specificity,
% (95% CI)

79 (57–92)
57 (50–64)
100 (82–100)
52 (45–59)
NA—criterion standard
91 (70–98)
97 (92–99)

LC US = limited-compression ultrasound
When a component is missing, not done, or indeterminate, its effect on the sensitivity and specificity is not included. The modified Wells score shown is calculated by the treating physician. The criterion standard was comprehensive US (hence sensitivity
and specificity are not shown), with medical record follow-up in patients who did not undergo imaging. As a stand-alone test,
LC US had six false-positive and two false-negative tests.

a priori that incorporated both LC US and modiﬁed
Wells scoring. Our results suggest that such a strategy
could abbreviate time to deﬁnitive diagnosis, reduce
unnecessary empirical anticoagulation, and decrease the
number of return visits. These beneﬁts came at the
expense of missing one patient with DVT, who had
been misclassiﬁed as DVT unlikely, and the occasional
indeterminate study that would require further testing.
The beneﬁts of ED US at the bedside by the treating
physician for other serious conditions are supported by
a body of literature.17–19 Several groups have studied
LC US for lower-extremity DVT. Essentially all proximal
DVTs in the lower extremity involve either the common
femoral or the popliteal veins.20 In LC US, each of these
two veins is examined at multiple points. Inability to
fully compress the vein represents a positive study,
highly suggestive of a proximal DVT. In a large study
involving over 1,700 patients, this technique has been

shown to be accurate when performed by radiologists.21
Several small studies have also shown LC US to have
good accuracy when performed by EPs trained in the
technique, with one pooled estimate of both sensitivity
and speciﬁcity between 87 and 99%.4–8,10,22–26 Although
LC US is a promising tool in the diagnosis of DVT in
the ED, we must recognize that it has imperfect sensitivity. Kline et al.10 observed an overall sensitivity of 70%
(95% CI = 60% to 80%), although that sensitivity
improved to 100% after individual physicians had
enrolled three patients. We also found that the diagnostic sensitivity of each physician improved with time. The
two false-negatives in our study were obtained in the
ﬁrst ﬁve to six scans performed by that physician.
We found the time needed to perform and interpret
LC US to be short in comparison to the current diagnostic approach, although it requires more physician
time than ordering a serum D-dimer or comprehensive
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Table 2
Estimated Effect of New Versus Current Diagnostic Strategy on
Comprehensive Imaging Rates and D-dimer Testing

Test Type

New Strategy

Comprehensive imaging
Required* 90 + ?7
Rate
0.43
(95% CI)
(0.36–0.49)
Diagnostic 0.24
yield
(0.16–0.33)
D-dimer testing
Required
76
Rate
0.33
(95% CI)
(0.28–0.40)
Diagnostic 0.01
yield
(0.002–0.07)

Current
Strategy

Actual Approach

153 + ?6
0.70
(0.64–0.76)
0.15
(0.10–0.21)

184/227
0.81
(0.75–0.86)
0.13
(0.09–0.19)

227
1.00
(0.98–1.00)
0.11
(0.07–0.15)

212
0.93
(0.89–0.96)
0.11
(0.07–0.16)

N = 227.
“New strategy” refers to the proposed diagnostic strategy
shown in Figure 1; “current strategy,” the protocol in use at
the institution throughout the study as shown in Figure 2;
“actual approach,” the strategy actually employed by the
treating physician. “Diagnostic yield” represents the proportion of comprehensive imaging/D-dimer tests that were ultimately positive for a patient with DVT (not the test-positive
rate).
*For seven cases (new strategy) and six cases (current strategy) the need for comprehensive imaging could not be
established because D-dimer testing was not performed;
these cases are shown as uncertain (“?n”) but are assumed
to have had positive D-dimer when calculating the imaging
rate or yield.

US. Many low-risk DVT patients can have the diagnosis
excluded during the same patient encounter without
any test delay. In this regard, LC US is similar to other
applications of bedside emergency US that have become
routine in EM. While the introduction of any fast and
available test encourages diagnostic creep (i.e., the
threshold for performing a bedside US in a low-risk
patient may be lower than the current threshold for
ordering a D-dimer), the high speciﬁcity of LC US suggests that this creep will not inﬂate comprehensive
imaging rates.
Although the kappa score for overall agreement
between physicians for the modiﬁed Wells score is considered to be “good,”16 it is not perfect, and indeed
some components of the score have poor agreement. At
the clinically important cut point of 2, one patient in ﬁve
was classiﬁed into different risk strata depending on
which physician assessment was used. As treatment
algorithms for patients differ depending on their classiﬁcation by the modiﬁed Wells criteria, this variability is
concerning because this risk stratiﬁcation scheme is in
wide use to identify DVT. A recent study showed good
interrater reliability of overall modiﬁed Wells score for
DVT between consultant and nurse practitioner with an
interrater agreement of 81% and a kappa score of
0.74.27 Previous studies have shown variable results for
the interrater reliability of modiﬁed Wells criteria for
pulmonary embolism.28,29
It is sobering to recognize that even well-validated
decision instruments remain imperfect, often limited
by patient heterogeneity and operator variability. The

sensitivity of any clinical decision rule, laboratory test,
or imaging will also be lower in patients with less
severe disease, including small or distal DVTs. The
degree to which the quest for diagnostic perfection on
ﬁrst presentation should continue to drive imaging and
laboratory testing rates upward is a difﬁcult issue in
many emergency conditions. Individual risk thresholds
and comfort with using serial observation as a diagnostic strategy need also to be taken into consideration
when identifying the optimal diagnostic approach to a
potentially serious condition in the ED.
As a result, individual physicians may chose to incorporate LC US into their practice differently than our
proposed strategy or deviate from this strategy in
selected cases depending on various factors. These factors also include comfort with US imaging, pretest likelihood, clinical experience, and risk tolerance. Any
proposed strategy should be formally tested in a clinical
trial before it can be recommended.
LIMITATIONS
The primary limitation of this study is that we did not
implement our proposed workup strategy in the actual
management of patients. Thus, any inferences regarding
diagnostic accuracy and improvements in imaging rates,
lengths of stay, and return visits are hypothetical. We
enrolled a relatively modest number of disease-positive
patients, resulting in wide CIs with respect to sensitivity.
We were unable to enroll consecutive patients, largely
due to lack of availability of research personnel or scanning physicians. Only a subset of physicians at our center was trained to perform the technique, and some only
enrolled small numbers of subjects. The physicians
enrolling the most subjects likely had particular interest
in bedside US and may be more accurate in its use than
the average EP. The bedside LC US scans were performed after the comprehensive US in one-quarter of
cases, and although scanning physicians were instructed
to remain blinded to the radiologist’s interpretation, we
were not able to independently verify adherence with
this blinding. Physicians occasionally deviated from the
institutional protocol in place, mostly by ordering comprehensive imaging despite negative D-dimer testing in
a DVT unlikely patient (30 cases), by ordering comprehensive imaging rather than D-dimer testing in DVT
unlikely patients (six cases), by not ordering comprehensive imaging in a DVT unlikely patient with a positive
D-dimer (three cases), and by not ordering D-dimer testing in DVT likely patients (seven cases).
We underestimated the time saved to deﬁnitive diagnosis to avoid having to impute delays in radiologist
interpretation and communications and to avoid overstating our ﬁndings. Moreover, the time to obtaining LC
US results was delayed at times due to the need to
locate an available scanning physician who might be
off-site. Despite these biases, LC US in the ED appears
to offer substantial time saving in the diagnosis of DVT,
especially in a center where comprehensive US is not
readily available at all times. In centers where comprehensive US is available at night including weekends,
these time savings would be expected to decrease.
Several patients with negative comprehensive imaging

ACADEMIC EMERGENCY MEDICINE • September 2014, Vol. 21, No. 9 • www.aemj.org

but positive D-dimer did not have repeat imaging in
1 week as commonly recommended to rule out clot
propagation. We did not search provincial death certiﬁcates or coronial records, but relied instead on medical
record review at the only two hospitals in the region to
identify missed venothrombotic embolism. Our estimate
of savings in time, anticoagulation, and health care
resource utilization may overestimate the actual beneﬁts
seen in practice, due to changes in thresholds for testing, deviation from recommended practice, and other
unforeseen consequences such as reduced access to
comprehensive imaging off-hours with decreased volume of studies being ordered.
CONCLUSIONS
Limited-compression ultrasound by emergency physicians holds promise as one component of the diagnostic
approach to deep venous thrombosis, but should not be
used as a stand-alone test due to imperfect sensitivity.
Incorporating this technique has the potential to
shorten ED visits, reduce return visits, and avoid unnecessary anticoagulation for a substantial number of
patients suspected of lower-limb deep venous thrombosis. Tradeoffs in diagnostic efﬁciency for the sake of
perfect sensitivity remain a difﬁcult issue collectively in
emergency medicine, but need to be scrutinized carefully in light of the cost of overinvestigation, delays in
diagnosis, and risks of empirical anticoagulation.
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