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Diagnosis of deep vein thrombosis of the lower extremity: a systematic
review and meta-analysis of test accuracy
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Deep vein thrombosis (DVT) of the lower extremities can be associated with significant
morbidity and may progress to pulmonary embolism and postthrombotic syndrome. Early
diagnosis and treatment are important to minimize the risk of these complications. We
systematically reviewed the accuracy of diagnostic tests for first-episode and recurrent DVT
of the lower extremities, including proximal compression ultrasonography (US), whole leg
US, serial US, and high-sensitivity quantitative D-dimer assays. We searched Cochrane
Central, MEDLINE, and EMBASE for eligible studies, reference lists of relevant reviews,
registered trials, and relevant conference proceedings. Two investigators screened and
abstracted data. Risk of bias was assessed using Quality Assessment of Diagnostic Accuracy
Studies-2 and certainty of evidence using the Grading of Recommendations Assessment,
Development and Evaluation framework. We pooled estimates of sensitivity and specificity.
The review included 43 studies. For any suspected DVT, the pooled estimates for sensitivity
and specificity of proximal compression US were 90.1% (95% confidence interval [CI], 86.5-
92.8) and 98.5% (95% CI, 97.6-99.1), respectively. For whole-leg US, pooled estimates were
94.0% (95% CI, 91.3-95.9) and 97.3% (95% CI, 94.8-98.6); for serial US pooled estimates
were 97.9% (95% CI, 96.0-98.9) and 99.8% (95% CI, 99.3-99.9). For D-dimer, pooled estimates
were 96.1% (95% CI, 92.6-98.0) and 35.7% (95% CI, 29.5-42.4). Recurrent DVT studies were
not pooled. Certainty of evidence varied from low to high. This systematic review of current
diagnostic tests for DVT of the lower extremities provides accuracy estimates. The tests
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are evaluated when performed in a stand-alone fashion, and in a diagnostic pathway. The
pretest probability of DVT often assessed by a clinical decision rule will influence how,
together with sensitivity and specificity estimates, patients will be managed.
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Introduction

Deep vein thrombosis (DVT) has an estimated incidence of 67 per
100 000 per year in the general population.! Among those with DVT
of the lower extremities, there is an increased risk of postthrombotic
syndrome, pulmonary embolism, and death.? Early diagnosis and
clinical intervention are important for managing DVT and minimizing
adverse consequences, as well as to exclude the diagnosis in those
who do not have the disease, thereby avoiding added costs and
risks of anticoagulant therapy.

DVT is usually unilateral and is clinically suspected in patients
presenting with acute-onset pain, swelling, erythema and/or warmth
of the lower extremity involved.®> These clinical manifestations are
nonspecific and objective testing is required to confirm or exclude the
diagnosis.* Accurate diagnosis of DVT is important because patients
incorrectly identified as having DVT (false positive) will be treated with
anticoagulation and unnecessarily exposed to cost, inconvenience,
and bleeding risk. On the other hand, patients incorrectly identified as
not having DVT (false negative) are exposed to the potential risks
of DVT extension and embolization in the absence of treatment.
Consequently, diagnostic tests with high sensitivity and specificity for
excluding or confirming a diagnosis of DVT are of utmost importance.

Diagnostic modalities for DVT include D-dimer assays and compres-
sion ultrasonography (US). D-dimer, a fibrin degradation product, is
typically elevated in the presence of DVT. Although highly sensitive,
D-dimer is frequently elevated in the presence of inflammation,
malignancy, and other systemic illness and thus is nonspecific,
necessitating additional testing if elevated (positive) or if the clinical
probability for DVT is not low.® Compression US evaluates the
compressibility, or lack thereof, of a venous segment to diagnose

thrombosis and is commonly coupled with a color Doppler to assess
blood flow. With acute DVT, compressibility is lost secondary to
passive distension of the vein by a thrombus.® Compression US may
be limited to the proximal leg veins (usually popliteal-trifurcation and
more proximally) or may be performed on the entire leg (whole-leg
US). US may also be performed sequentially, known as serial US.

The aim of this systematic review is to determine the accuracy of
commonly available diagnostic tests for DVT of the lower
extremities, which can be used to inform a combined strategy for
diagnosis. Pooled estimates of sensitivity and specificity obtained in
this systematic review were used to model different diagnostic
strategies for patients with suspected lower extremity DVT. The
results of modeling were used to inform evidence-based recom-
mendations on diagnostic strategies for DVT in the American
Society of Hematology clinical practice guidelines for diagnosis of
venous thromboembolism.”

Methods

Search strategy and data sources

We searched MEDLINE, EMBASE, and the Cochrane Central
Register of Controlled Trials from inception until May 2019. We also
manually searched the reference lists of relevant articles and
existing reviews. Studies published in any language were included
in this review. We limited the search to studies reporting data for
accuracy of diagnostic tests. The complete search strategy is
available in Supplement 1. The prespecified protocol for this review
is registered with PROSPERO (CRD42018083982). This review is
reported in accordance with Preferred Reporting ltems for
Systematic reviews and Meta-Analyses (PRISMA) for diagnostic
test accuracy guidelines.®
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Reference standard
Proximal compression US or serial US, 6-wk follow-
up (if negative tests)

Venography, 6-mo follow-up (if negative results)

Proximal US, 3-mo follow-up
Contrast-enhanced venography
Venography, 3-mo follow-up

Venography
3-mo follow-up

Index test
abnormal then serial US as described in Birdwell

et al, 1998. If normal US results, then 3-mo

follow-up.

Whole-leg US
patients who also have abnormal b-dimer and strain

Serial US*, p-dimer (Tinaquant, 0.5 mg/L) + pretest
probability
normal then single compression US and if

Serial US strategy was compression US and p-dimer
for moderate-/high-risk score patients, if normal US
then repeat US at 1 wk for moderate- or high-risk
gauge plethysmography

Serial US strategy was p-dimer for all patients, if

Proximal compression US
Proximal compression US
Proximal compression US
Proximal compression US

Serial US*, D-dimer

Clinical setting

Outpatient, thrombosis unit and emergency
department

NR
NR
Outpatient
Outpatient
Outpatient

Population

Suspected DVT, unspecified if first episode Outpatient
or recurrent

First episode or recurrent suspected DVT
First episode or recurrent suspected DVT

First episode suspected DVT
First episode suspected DVT
First episode suspected DVT

First episode suspected DVT
The following studies were translated from foreign languages: Bendayan and Boccalon (1991) (French), Grosser et al (1990) (German), Grosser et al (1991) (German), and Mantoni et al (2008) (Danish).

CT, computed tomography; ELISA, enzyme-linked immunosorbent assay; NR, not reported.
*For all studies conducting serial US, the complete serial US strategy was considered an index test (rather than the single repeat US), and clinical follow-up alone was taken as the reference standard.

van Ramshorst et al (1991)%°

Table 1. (continued)
Study, author (year)
Schutgens et al (2005)°%°
Theodorou et al (2003)%2
Wells et al (1995)2°
Wells et al (1995)2¢
Wells et al (2003)%*
Williams et al (2005)%®

1254 BHATT et al

Study selection

Studies. Studies reporting data on diagnostic test accuracy
(cohort studies, cross-sectional studies) for lower extremity DVT
were eligible for inclusion in this systematic review.

Participants. Adult patients, =18 years of age, presenting to
inpatient or outpatient settings with suspected first or recurrent
episode of DVT of the lower extremity were eligible for inclusion.

Index tests for diagnosis. Proximal compression US, whole-
leg US, serial US, and quantitative high-sensitivity D-dimer assays
(Vidas ELISA Assay, STA Liatest D-Di Assay, TinaQuant D-Dimer
Assay, Innovance D-Dimer, HemoSIL D-Dimer Assay) were eligible
index tests for diagnosis of lower extremity DVT. For proximal
compression US, we considered only proximal DVT for test
accuracy and excluded any incidental findings of distal DVT. For
whole-leg US, both proximal and distal DVT were considered in test
accuracy. Serial US was defined as a diagnostic strategy involving
a repeat ultrasound for patients with initial negative US, and the
complete strategy was considered for test accuracy rather than the
repeat US alone. We did not exclude studies based on the duration
when repeat US was conducted.

Reference standards. Venography and/or clinical follow-up
were eligible as a reference standard for proximal compression,
whole-leg, or serial US strategies. US tests and/or clinical follow-up
were considered appropriate reference standards for D-dimer
assays. If a reference diagnostic test was not conducted, clinical
follow-up for symptoms alone was sufficient as a reference
standard.

Exclusion criteria. Patients who were asymptomatic, pregnant,
or had superficial thrombophlebitis with no DVT were excluded.
Although studies reporting on both adult and pediatric patients
were eligible for inclusion, we excluded studies with >80% of the
study sample younger than 18 years of age, or if the mean age was
less than 25 years. When possible, we extracted data separately for
adult patients from these studies.

We also excluded studies that did not provide sufficient data to
determine test accuracy (sensitivity and specificity), abstracts
published before 2014 because the complete studies were likely
published in peer-reviewed journals, and studies with sample size
<100 patients to increase feasibility. A sensitivity analysis indicated
that this would not affect the pooled test accuracy estimates. There
were also concern regarding the quality of small test accuracy
studies informing a clinical practice guideline; therefore, these
studies were excluded.

Studies that used an unsuitable reference standard (impedance
plethysmography, D-dimer) were excluded. We also excluded US
studies that did not use compression to detect the presence of
a thrombus and studies using US solely for the assessment of
isolated calf DVT. D-dimer studies were excluded if they used
assays that are no longer in use and/or are not highly sensitive
(MDA, Asserachrom, Dimertest |, Enzygnost, Fibrinostika FbDP,
Acculot, Wellcotest, Minutex), if they used a nonquantitative assay
(SimpliRed) or if they considered a positive threshold other than the
defined clinical cutoffs.

Screening and data extraction

Independent reviewers conducted title and abstract screening
and full-text review in duplicate to identify eligible studies. Data

14 APRIL 2020 - VOLUME 4, NUMBER 7 € blood advances
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Sensitivity
Studies Estimate (95% C.l) TP/ (TP + FN)
Anderson 1999 0.837 (0.701, 0.918) 38/45
Aronen 1994 0.744 (0.599, 0.851) 33/44
Birdwell 2000 0.910 (0.838, 0.951) 95/104
Cogo 1993 0.920 (0.814, 0.968) 51/55
Friera_1 2002 0.853 (0.602, 0.957) 14/16
Friera_2 2002 0.953 (0.798, 0.991) 30/31
Friera_3 2002 0.965 (0.886, 0.990) 68/70
Gudmundensen 1990 0.992 (0.882, 0.999) 60/60
Lensing 1989 0.993 (0.892, 1.000) 66/66
Pedersen 1991 0.894 (0.822, 0.939) 101/118
Quintavalla 1991 0.974 (0.902, 0.993) 75177
van Ramshorst 1991 0.906 (0.807, 0.957) 58/64
Wells_1 1995 0.930 (0.835, 0.972) 59/63
Wells_2 1995 0.833 (0.657, 0.929) 25/30
Wells_3 1995 0.800 (0.459, 0.950) 8/10
Wells_4a 1995 0.899 (0.827, 0.943) 98/109
Wells_5 2003 0.949 (0.863, 0.982) 64/67
Wells_6 2003 0.735 (0.486, 0.891) 12/16
Overall (I>=5446 % , P=0.003) 0.901 (0.865, 0.928) 955/1040

Specificity
Studies Estimate (95% C.l) TN/ (FP + TN)
Anderson 1999 0.998 (0.974, 1.000) 299/299
Aronen 1994 0.993 (0.903, 1.000) 75/75
Birdwell 2000 0.999 (0.987, 1.000) 605/605
Cogo 1993 0.995 (0.928, 1.000) 103/103
Friera_1 2002 0.996 (0.938, 1.000) 122/122
Friera_2 2002 0.996 (0.933, 1.000) 111/111
Friera_3 2002 0.994 (0.917, 1.000) 88/88
Gudmundensen 1990 0.962 (0.896, 0.986) 87/90
Lensing 1989 0.990 (0.950, 0.998) 142/143
Pedersen 1991 0.974 (0.901, 0.993) 74/76
Quintavalla 1991 0.983(0.891, 0.998) 59/60
van Ramshorst 1991 0.946 (0.847, 0.983) 53/56
Wells_1 1995 0.964 (0.616, 0.998) 13/18
Wells_2 1995 0.989 (0.923, 0.998) 86/87
Wells_3 1995 0.976 (0.948, 0.989) 247/253
Wells_4a 1995 0.981 (0.961, 0.991) 361/368
Wells_5 2003 0.997 (0.957, 1.000) 179/179
Wells_6 2003 0.998 (0.971, 1.000) 268/268
Overall (I>=2792 % , P=0.131) 0.985 (0.976, 0.991) 2972/2996

0.46

T T T T
0.59 0.73 0.86

Sensitivity

0.84

T T T T
0.88 0.92 0.96 1

Specificity

Figure 2. Pooled sensitivity and specificity of proximal compression ultrasound for diagnosis of lower extremity DVT.

extraction was also conducted independently and in duplicate and
verified by a third author (R.A.M.). Disagreements were resolved
by discussion to reach consensus, in consultation with 2 expert
clinician scientists (RAAM. and W.L). Data extracted included
general study characteristics (authors, publication year, country,
study design), diagnostic index test and reference standard,
prevalence of lower extremity DVT, and parameters to determine
test accuracy (ie, sensitivity and specificity of the index test).
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Risk of bias and certainty of evidence

We conducted the risk of bias assessment for diagnostic test
accuracy studies using the Quality Assessment of Diagnostic
Accuracy Studies-2 revised tool.

The Grading of Recommendations Assessment, Development

and Evaluation (GRADE) framework was used to assess overall
certainty by evaluating the evidence for each outcome on the
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Table 2. Proximal compression ultrasound test accuracy in a low prevalence population

Test result

No. of r

Its per 1000 pati

ts tested (95% CI)
Prevalence 10%*t in patients with suspected LE DVT

No. of participants (studies)

Certainty of the evidence (GRADE)

True positives

False negatives
True negatives
False positives

Inconclusive test results

Complications arising from the diagnostic test

90 (87-93)
10 (7-13)

891 (882-891)

9 (9-18)
19

4036 (13)

4036 (13)

4055 (13)
NA

OO0
High#§||
OO0
High#§||

An interactive version of this table is available at: https://gdt.gradepro.org/presentations/#/isof/isof_55a5afa3-004a-4106-bc2c-0fe27b76340e-15828346081647_k=25czjj.

Patient or population: Patients with suspected lower extremity deep vein thrombosis. Setting: Inpatient and outpatient. Pooled sensitivity: 0.90 (95% ClI, 0.87-0.93). Pooled specificity: 0.99

(95% Cl, 0.98-0.99).

*Clinical PTP and rapid p-dimer testing; mean prevalence of DVT in accuracy studies 11%; mean prevalence of DVT in management studies 25%.%°
1Disease prevalence applies to the index test in each pathway. Prevalence applied to the accuracy of each subsequent test depends on the result of the previous test in the pathway.
#Certainty of evidence not downgraded for risk of bias, although a few studies had a combination of reference standards that were judged to be acceptable by the panel.

§Although there was inconsistency noted for sensitivity, it was judged as not serious and we did not downgrade the certainty of evidence. There was inconsistency also noted for

specificity, but it was judged as not serious and we did not to downgrade the certainty of evidence.

||Certainty of evidence was downgraded for indirectness in instances where this test was not the index test in a diagnostic pathway. There was a lack of data on the accuracy of this test
following a previous test in a pathway. Thus, sensitivity and specificity used for modeling in these instances were based on the test accuracy of the individual test rather than using the test in

a pathway.

Studies

Bradley 1993

De Valois 1990

Habscheid 1990

Kalodiki 1993

Miller 1996
Montefusco-von Kleist 1993
Theodorou 2003

Bendayan 1991

Grosser_1 1990
Grosser_2 1991

Overall (I’=2721 % , P=0.194)

Studies

Bradley 1993

De Valois 1990

Habscheid 1990

Kalodiki 1993

Miller 1996
Montefusco-von Kleist 1993
Theodorou 2003

Bendayan 1991

Grosser_1 1990
Grosser_2 1991

Overall (I’=5321 % , P=0.023)

Sensitivity

Estimate (95% C.I.)

0.971 (0.867, 0.994)
0.918 (0.818, 0.965)
0.875 (0.786, 0.930)
0.940 (0.830, 0.981)
0.939 (0.870, 0.972)
0.994 (0.916, 1.000)
0.929 (0.630, 0.990)
0.944 (0.881, 0.975)
0.972 (0.896, 0.993)
0.967 (0.903, 0.989)

0.940 (0.913, 0.959)

Specificity

Estimate (95% C.I.)

0.990 (0.862, 0.999)
0.900 (0.762, 0.962)
0.995 (0.919, 1.000)
0.914 (0.809, 0.964)
0.992 (0.944, 0.999)
0.997 (0.958, 1.000)
0.980 (0.871, 0.997)
0.962 (0.887, 0.988)
0.981 (0.929, 0.995)
0.979 (0.950, 0.991)

0.973 (0.948, 0.986)

TP/ (TP + FN)

49/50
56/61
73/83
47/50
92/98
87/87
13/14
101/107
70/72
88/91

676/713

TN/ (FP +TN)

50/50
36 /40
91/91
53/58
121/122
181/181
49/50
75/78
106/108
229/234

991/1012

0.64

T T T
0.73 0.82 0.91

Sensitivity

0.76

T T T
0.82 0.88 0.94

Specificity

Figure 3. Pooled sensitivity and specificity of whole leg ultrasound for diagnosis of lower extremity DVT.
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Table 3. Whole leg ultrasound test accuracy in a low prevalence population

No. of results per 1000 patients tested (95% CI)
Test result Prevalence 10%*t in patients with suspected LE DVT No. of participants (studies) Certainty of the evidence (GRADE)
True positives 94 (91-96) 1725 (10) PPOD
False negatives 6 (4-9) High#§||
True negatives 876 (853-887) 1725 (10) Yo Y Te)
False positives 24 (13-47) High#§||
Inconclusive test results 8 1733 (10)
Complications arising from the diagnostic test NA

An interactive version of this table is available at: https://gdt.gradepro.org/presentations/#/isof/isof_0ad70f88-cdOa-4dac-a120-18537537be4b-1582834618247?_k=p7wkc3.
Patient or population: Patients with suspected lower extremity deep vein thrombosis. Setting: Inpatient and outpatient. Pooled sensitivity: 0.94 (95% Cl, 0.91-0.96). Pooled specificity: 0.97

(95% Cl, 0.95-0.99).

*Clinical PTP and rapid p-dimer testing; mean prevalence of DVT in accuracy studies 11%; mean prevalence of DVT in management studies 25%.%°

1Disease prevalence applies to the index test in each pathway. Prevalence applied to the accuracy of each subsequent test depends on the result of the previous test in the pathway.

$Certainty of evidence not downgraded for risk of bias, although few studies had a combination of reference standards that were judged to be acceptable by the panel.

§Although there was inconsistency noted for sensitivity, it was judged as not serious and we did not downgrade the certainty of evidence. There was inconsistency also noted for
specificity, but it was judged as not serious and we did not to downgrade the certainty of evidence.

||Certainty of evidence was downgraded for indirectness in instances where this test was not the index test in a diagnostic pathway. There was a lack of data on the accuracy of this test
following a previous test in a pathway. Thus, sensitivity and specificity used for modeling in these instances were based on the test accuracy of the individual test rather than using the test in

a pathway.

following domains: risk of bias, imprecision, inconsistency, in-

directness, and publication bias.'®""

Data synthesis

The accuracy estimates from individual studies were combined
quantitatively (pooled) for each test using OpenMetaAnalyst

(http://www.cebm.brown.edu/openmeta/). We conducted a bivari-
ate analysis for pooling sensitivity and specificity for each of the test
comparisons to account for variation within and between studies.
Forest plots were created for each comparison. The Breslow-Day
test was used to measure the percentage of total variation across
studies because of heterogeneity; however, the results did not

Studies

Anderson 1999
Bernardi 1998
Birdwell 1998
Friera 2002
Schutgens 2002
Williams 2005

Overall (1>=2056 % , P=0.279)

Overall (I’=0 % , P=0.900)

Sensitivity

Estimate (95% C.I.)

0.906 (0.643, 0.981)
0.987 (0.964, 0.995)
0.966 (0.889, 0.990)
0.996 (0.935, 1.000)
0.982 (0.956, 0.993)
0.986 (0.813, 0.999)

0.979 (0.960, 0.989)

Specificity
Studies Estimate (95% C.I.)
Anderson 1999 0.995 (0.918, 1.000)
Bernardi 1998 0.999 (0.988, 1.000)
Birdwell 1998 0.999 (0.977, 1.000)
Friera 2002 0.998 (0.970, 1.000)
Schutgens 2002 0.998 (0.963, 1.000)
Williams 2005 0.994 (0.911, 1.000)

0.998 (0.993, 0.999)

TP/ (TP + FN)

14/15
265/268
70/72
115/115
250/254
35/35

749/759

TN/ (FP + TN)

90/90
678/678
335/335
261/261
210/210

82/82

1656/1656

— &
.\
—%_.
o
—
T T T T 7
0.73 0.8 0.86 0.93 1
Sensitivity
.
—
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Figure 4. Pooled sensitivity and specificity of serial ultrasound for diagnosis of lower extremity DVT.
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Table 4. Serial ultrasound test accuracy in a low prevalence population

ts tested (95% CI)
Prevalence 10%*t in patients with suspected LE DVT  No. of participants (studies)

Certainty of the evidence (GRADE)

No. of results per 1000 pati
Test result
True positives 98 (96-99)
False negatives 2 (1-4)
True negatives 898 (894-899)
False positives 2 (1-6)
Inconclusive test results 0

Complications arising from the diagnostic test

2415 (6) OO0
High#§||
2415 (6) OO0
High#§||
2415 (6)

NA

An interactive version of this table is available at: https://gdt.gradepro.org/presentations/#/isof/isof_d4d391ca-c3e1-4c1f-9fea-cefefcc844b1-1582834685718?_k="7yh69s.
Patient or population: Patients with suspected lower extremity deep vein thrombosis. Setting: Inpatient and outpatient. Pooled sensitivity: 0.98 (95% ClI, 0.96-0.99). Pooled specificity:

0.998 (95% Cl, 0.993-0.999).

*Clinical PTP and rapid p-dimer testing; mean prevalence of DVT in accuracy studies 11%; mean prevalence of DVT in management studies 25%.%°

1Disease prevalence applies to the index test in each pathway. Prevalence applied to the accuracy of each subsequent test depends on the result of the previous test in the pathway.

$Certainty of evidence not downgraded for risk of bias, although few studies had a combination of reference standards that were judged to be acceptable by the panel.

§Although there was inconsistency noted for sensitivity, it was judged as not serious and we did not downgrade the certainty of evidence. There was inconsistency also noted for
specificity, but it was judged as not serious and we did not to downgrade the certainty of evidence.

||Certainty of evidence was downgraded for indirectness in instances where this test was not the index test in a diagnostic pathway. There was a lack of data on the accuracy of this test following
a previous test in a pathway. Thus, sensitivity and specificity used for modeling in these instances were based on the test accuracy of the individual test rather than using the test in a pathway.

influence our judgment of the pooled estimates because the
literature has discouraged its use for test accuracy.'?

Diagnostic strategies for lower extremity DVT are based on
assessment of the pretest probability (PTP) for individual patients,
which provides an estimate of the expected prevalence of DVT at
a population level. Prevalence estimates for DVT were based on the
Wells score, obtained from an individual patient level meta-analysis
of 13 studies including 10 002 patients.'® The review reported an
overall DVT prevalence of 19%, with an observed prevalence for
patients with a low PTP ranging from 3.5% to 8.1%, intermediate
13.3% to 23.9%, and high 36.3% to 61.5%. We used similar
disease prevalence estimates to determine the absolute differences
in effects among patients with clinical suspicion of lower extremity
DVT: 10% corresponding approximately to low PTP, 25% and 35%
for intermediate PTP, and 50% and 75% for high PTP. We
calculated the absolute differences in effects for each comparison
as true positives, true negatives, false positives, and false negatives.
Here, we present the results for the low PTP population and results
for intermediate and high PTP groups are reported in Supplement 2.

Results

Description of studies

The initial search retrieved 16 844 nonduplicate studies, of which
289 were included for full-text review. Following full-text review, 38
were found to be eligible for data abstraction and inclusion in the
systematic review. A list of excluded studies is provided in
Supplement 3. Reasons for exclusion at full-text review were
duplicates (1), ineligible study design (67), ineligible study
population (17), no diagnostic tests of interest (24), unacceptable
reference standards (22), D-dimer assays that were not highly
sensitive or used nonclinical cutoffs (40), sample size <100
patients (n = 23), assessments of isolated calf DVT only (4), unable
to obtain full texts (4), and studies that did not provide enough
information to determine sensitivity and specificity (43). Figure 1
shows the study flow diagram for included studies.

Of the included studies, 41 reported on any suspected lower
extremity DVT'#®® and 2 studies reported specifically on patients

1258 BHATT et al

with recurrent DVT.%%%7 Any suspected DVT studies reported the
test accuracy of the following index tests: 13 studies on proximal
compression US'#2® in comparison with a reference standard, 10
reported on whole-leg US273351%3 g reported on serial
US,'*183437 and 16 reported on D-dimer for the diagnosis of
DVT of the lower extremities.?®38°99455 Stydies assessing the
accuracy of US used venography as a reference standard with
some including clinical follow-up, whereas reference standards for
D-dimer tests were mainly proximal compression or whole-leg US.
Table 1 summarizes general characteristics of included studies, as
well the index and reference standards. The majority of included
studies were judged to be low risk of bias for patient selection, index
test, and reference standard interpretation. Although there was
unclear reporting regarding flow and timing in some studies, the
certainty of evidence was generally not downgraded for risk of bias.
The complete risk of bias assessment for individual studies is
included in Supplement 4.

Proximal compression ultrasound

Test accuracy for proximal compression US was pooled from 13
studies, including 4036 participants.'*2® Studies used venography
as a reference standard for proximal compression US, with some
studies also including clinical follow-up. The pooled estimates for
sensitivity and specificity of proximal compression US were 90.1%
(95% confidence interval [Cl], 86.5-92.8) and 98.5% (95% ClI,
97.6-99.1), respectively. Figure 2 shows the forest plot displaying
the sensitivity and specificity from individual studies and the pooled
estimates.

Proximal compression US results were illustrated for 1000 patients
from a low prevalence population undergoing the test, and abso-
lute differences indicate a low (<5%) proportion of false-negative
and false-positive results. Overall, the test was shown to be highly
sensitive and specific and the certainty of evidence was high.
Table 2 shows the summary of findings.

Whole-leg ultrasound

Test accuracy for whole-leg US was pooled from 10 studies, including
1725 participants.?” 33213 A|| studies assessing whole-leg US
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Sensitivity

Studies Estimate (95% C.I.) TP/ (TP + FN)
Canan 2012 0.824 (0.728, 0.891) 70/85
Cornuz 2002 0.976 (0.908, 0.994) 80/82
D'Angelo 1996 0.955 (0.739, 0.994) 21/22
Diamond 2005 0.975 (0.702, 0.998) 19/19
Haenssle 2013 0.967 (0.634, 0.998) 14/14
Hansson 1984 0.938 (0.823, 0.980) 45/48
Jennersjo 2005 0.781 (0.704, 0.842) 107/137
Knecht 1997 0.983 (0.889, 0.998) 58/59
LeBlanche 1999 0.981 (0.878, 0.997) 52/53
Luxembourg 2012 0.928 (0.837, 0.970) 64/69
Nata 2013 0.990 (0.854, 0.999) 47/47
Oudega 2005 0.965 (0.937, 0.981) 279/289
Schutgens 2005 0.997 (0.978, 1.000) 319/320
Williams 2005 0.986 (0.813, 0.999) 35/35
llkhanipour 2004 0.939 (0.788, 0.985) 31/33
Mantoni 2008 0.993 (0.949, 0.999) 133/134
Overall (|1=8063 % , P<0.001) 0.961 (0.926, 0.980) 1374/1446

Specificity
Studies Estimate (95% C.I.) TN/ (FP + TN)
Canan 2012 0.327 (0.261, 0.401) 56/171
Cornuz 2002 0.240 (0.185, 0.305) 47/196
D'Angelo 1996 0.444 (0.340, 0.554) 36/81
Diamond 2005 0.488 (0.404, 0.574) 63/129
Haenssle 2013 0.174 (0.110, 0.263) 16/94
Hansson 1984 0.596 (0.465, 0.715) 34/57
Jennersjo 2005 0.586 (0.525, 0.645) 150/256
Knecht 1997 0.444 (0.319, 0.578) 24/54
LeBlanche 1999 0.052 (0.022, 0.118) 5/97
Luxembourg 2012 0.493 (0.413, 0.574) 72/146
Nata 2013 0.163 (0.111, 0.233) 23/143
Oudega 2005 0.288 (0.261, 0.317) 290/1006
Schutgens 2005 0.354 (0.313, 0.397) 175/495
Williams 2005 0.495 (0.428, 0.563) 103/208
llkhanipour 2004 0.475 (0.420, 0.532) 144/303
Mantoni 2008 0.288 (0.245, 0.337) 107/371
Overall (°=9340% , P<0.001) 0.357 (0.295, 0.424) 1345/3807
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Figure 5. Pooled sensitivity and specificity of p-dimer for diagnosis of lower extremity DVT.

used venography as a reference standard. The pooled estimates for
sensitivity and specificity of whole-leg US were 94.0% (95% CI,
91.3-95.9) and 97.3% (95% Cl, 94.8-98.6), respectively. Figure 3
shows the forest plot displaying the sensitivity and specificity from
individual studies and the pooled estimates.

Whole-leg US results were illustrated for 1000 patients from
a low-prevalence population undergoing the test, and absolute
differences indicate a low (<5%) proportion of false-negative
and false-positive results. Overall, the test was shown to be highly
sensitive and specific and the certainty of evidence was high.
Table 3 shows the summary of findings.

€ blood advances 14 apriL 2020 - voLumE 4, NUMBER 7

Serial US

Test accuracy for serial US was pooled from 6 studies, including
2415 participants.'*83437 The complete serial US strategy was
considered as the index test (rather than a single repeat US), and
clinical follow-up alone was taken as the reference standard. The
pooled estimates for sensitivity and specificity of serial US were
97.9% (95% CI, 96.0-98.9) and 99.8% (95% ClI, 99.3-99.9),
respectively. Figure 4 shows the forest plot displaying the sensitivity
and specificity from individual studies and the pooled estimates.

Serial US results were illustrated for 1000 patients from a low-
prevalence population undergoing the test, and absolute differences
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Table 5. D-dimer test accuracy in a low prevalence population

No. of results per 1000 pati

Test result

ts tested (95% CI)
Prevalence 10%*t in patients with suspected LE DVT  No. of participants (studies)

Certainty of the evidence (GRADE)

96 (93-98)
4 (2-7)
321 (266-382)
579 (518-634)

True positives

False negatives
True negatives
False positives
Inconclusive test results NA

Complications arising from the diagnostic test

5253 (16) o000
Moderate#§||
5253 (16) oee0
Moderate#§||
5253 (16)

NA

An interactive version of this table is available at: https://gdt.gradepro.org/presentations/#/isof/isof_09c6ed63-8541-4912-a929-25503eff25b0-1582834694347?_k=pkwgeu.
Patient or population: Patients with suspected lower extremity deep vein thrombosis. Setting: Inpatient and outpatient. Pooled sensitivity: 0.96 (95% ClI, 0.93-0.98). Pooled specificity: 0.36

(95% Cl, 0.29-0.42).

*Clinical PTP and rapid D-dimer testing; mean prevalence of DVT in accuracy studies 11%; mean prevalence of DVT in management studies 25%.%°

1Disease prevalence applies to the index test in each pathway. Prevalence applied to the accuracy of each subsequent test depends on the result of the previous test in the pathway.
#Certainty of evidence not downgraded for risk of bias, although a few studies had a combination of reference standards that were judged to be acceptable by the panel.

§Although there was inconsistency noted for sensitivity, it was judged as not serious and we did not downgrade the certainty of evidence. Certainty of evidence was downgraded for

serious unexplained inconsistency in specificity, with a range from 5.2% to 59.6%.

||Certainty of evidence was downgraded for indirectness in instances where this test was not the index test in a diagnostic pathway. There was a lack of data on the accuracy of this test
following a previous test in a pathway. Thus, sensitivity and specificity used for modeling in these instances were based on the test accuracy of the individual test rather than using the test in

a pathway.

indicate a low (<5%) proportion of false-negative and false-positive
results. Overall, the test was shown to be highly sensitive and
specific and the certainty of evidence was high. Table 4 shows the
summary of findings.

D-dimer

Test accuracy for D-dimer was pooled from 16 studies, includ-
ing 5253 participants,36:38°08455 A|| of the D-dimer studies used
proximal compression or whole-leg US as reference standards,
with some studies also including venography and clinical follow-
up. The pooled estimates for sensitivity and specificity of the
D-dimer assays were 96.1% (95% CI, 92.6-98.0) and 35.7%
(95% ClI, 29.5-42.4), respectively. Figure 5 shows the forest plot
displaying the sensitivity and specificity from individual studies and
the pooled estimates.

D-dimer results were illustrated for 1000 patients from a low
prevalence population undergoing the test, and absolute differ-
ences indicate a low (<5%) proportion of false-negative results and

Table 6. Test accuracy for diagnostic strategy

a high proportion of false-positive results (>5%). Overall, the test
was shown to be highly sensitive but had low specificity. The
certainty of evidence was moderate. Table 5 shows the summary of
findings.

Recurrent DVT

Two studies reported on diagnosis for recurrent DVT of the lower
extremities,®®®” 1 of which reported on a diagnostic strategy.
The strategy included D-dimer for low-PTP patients followed by
proximal compression US if positive and 3-month follow-up if
negative, whereas high-PTP patients had proximal compression
US followed by 1-week repeat US if positive and negative ruled
out DVT.?® The second study reported on proximal compression
US alone and a serial US strategy among recurrent DVT
patients.’” We modeled the test accuracy for the strategies for
1000 patients at a prevalence of 15% corresponding to low PTP
of recurrence and 40% for high PTP of recurrence. In the studies,
the reported prevalences of recurrent DVT were 27%°® and 379%°”
from a combination of low- and high-PTP patients. There was low

No. of results per 1000 patients tested (95% CI)

Prevalence 15%*t in patients suspected Prevalence 40%*t in patients suspected

No. of participants Certainty of the evidence

Test result of having LE DVT of having LE DVT (studies) (GRADE)
True positives 146 (132-149) 388 (352-396) 105 (1) 200
False negatives 4(1-18) 12 (4-48) Low#
True negatives 842 (731-850) 594 (516-600) 105 (1) OO0
False positives 8 (1-119) 6 (1-84) Lows
Inconclusive test results 0 105 (1)

Complications arising from the
diagnostic test

NA

An interactive version of this table is available at: https://gdt.gradepro.org/presentations/#/isof/isof_4adf9db8-ffbe-4f56-a2f8-49d45ed834db-15828347428207_k=b92mdh.
D-dimer for “DVT unlikely” patients (if positive proximal compression US; if negative 3-month follow-up); proximal compression US for “DVT likely” patients (if positive repeat US at 1 week,
if negative rule out). Patient or population: Patients with suspected recurrent lower extremity deep vein thrombosis. Setting: Inpatient and outpatient. Pooled sensitivity: 0.97 (95% ClI, 0.88-

0.99). Pooled specificity: 0.99 (95% Cl, 0.86-1.00).

*Prevalence of recurrent VTE was estimated to be 13% (1 year) to 30% (10 years) based on the review (20% used in the table).®’
tClinical PTP and p-dimer used to evaluate patients with suspected recurrent DVT, prevalence 44.8% (40% used in table).>®
#Certainty of evidence was downgraded twice for serious imprecision given the small population size from the 2 recurrent lower extremity DVT studies identified for analysis.
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Table 7. Test accuracy for proximal compression ultrasound in patients with suspected recurrent lower extremity DVT

No. of results per 1000 patients tested (95% CI)

Prevalence 15%*t in patients suspected Prevalence 40%*t in patients suspected

No. of participants Certainty of the evidence

Test result of having LE DVT of having LE DVT (studies) (GRADE)
True positives 137 (120-144) 364 (320-384) 205 (1) 100
False negatives 13 (6-30) 36 (16-80) Low#
True negatives 850 (808-850) 600 (570-600) 205 (1) &000
False positives 0 (0-42) 0 (0-30) Low#
Inconclusive test results 0 205 (1)

Complications arising from the
diagnostic test

NA

An interactive version of this table is available at: https://gdt.gradepro.org/presentations/#/isof/isof_466028d8-a7{3-444b-9245-78afb4162894-15828347527827?_k=b2zvr|.
Patient or population: Patients with suspected recurrent lower extremity deep vein thrombosis. Setting: Inpatient and outpatient. Pooled sensitivity: 0.91 (95% Cl, 0.80-0.96). Pooled

specificity: 1.00 (95% Cl, 0.95-1.00).

*Prevalence of recurrent VTE was estimated to be 13% (1 year) to 30% (10 years) based on the review (20% used in the table).®’
tClinical PTP and p-dimer used to evaluate patients with suspected recurrent DVT, prevalence 44.8% (40% used in table).>®
#Certainty of evidence was downgraded twice for serious imprecision given the small population size from the 2 recurrent lower extremity DVT studies identified for analysis.

certainty in the evidence because of imprecision. Tables 6-8 show
the summary of findings.

Discussion

This review presents pooled estimates of test accuracy for
commonly available diagnostic methods for DVT of the lower
extremities. The certainty of evidence was moderate to high for
studies of first-episode DVT and low for recurrent DVT. Of the
evaluated tests, serial US had the highest sensitivity (97.9% [95%
Cl, 96.0-98.9%]) and specificity (99.8% [95% ClI, 99.399.9]),
although resources for, and availability of, serial US may be limited.
Proximal compression US and whole-leg US also had optimal and
comparable sensitivity and specificity with regard to detection of
proximal DVT. Because the objective was to evaluate the diagnostic
test characteristics of these studies, we did not specifically evaluate
studies comparing proximal vs whole-leg US on clinically relevant
outcomes such as pulmonary embolism. Recommendations for
whether compression should be limited to the proximal veins or
extended to the whole leg are, therefore, outside the scope of this
review and availability, test cost, and patient/provider preference

can likely inform the use of these tests. D-dimer also had high
sensitivity (95.8% [95% Cl, 91.8-97.9]) and can be a cost-effective
and accessible approach for excluding DVT in patients with low
PTP. However, the specificity of D-dimer testing is low; therefore,
a positive result must be followed with a more specific diagnostic
test, usually US.

This review has several strengths. The comprehensive and
systematic approach for identifying studies makes it unlikely that
relevant studies were missed. Additionally, we did not limit our
review by language and translated articles that were not published
in English. Finally, we assessed the certainty of evidence in this area
and identified sources of bias.

We note a few limitations in this comprehensive systematic review.
We did not consider whether Doppler ultrasonography was used
alongside compression, and studies were included if there was
a description that compression of venous segments was performed.
This decision was based on evidence suggesting that compression
US is sufficient for diagnosis with no added benefit of Doppler.®®
Nonetheless, we acknowledge that many institutions use Doppler

Table 8. Test accuracy for serial ultrasound in patients with suspected recurrent lower extremity DVT

No. of results per 1000 patients tested (95% CI)

Prevalence 15%*t in patients suspected Prevalence 40%*t in patients suspected

No. of participants Certainty of the evidence

Test result of having LE DVT of having LE DVT (studies) (GRADE)
True positives 144 (129-149) 384 (344-396) 205 (1) de0O0
False negatives 6 (1-21) 16 (4-56) Low#
True negatives 850 (808-850) 600 (570-600) 205 (1) @)
False positives 0 (0-42) 0 (0-30) Low#
Inconclusive test results 0 205 (1)

Complications arising from the NA

diagnostic test

An interactive version of this table is available at: https://gdt.gradepro.org/presentations/#/isof/isof_0654358c-94e7-42ba-bd06-f9805a8e32be-15828347792987_k=qgsnepk.
Patient or population: Patients with suspected recurrent lower extremity deep vein thrombosis. Setting: Inpatient and outpatient. Pooled sensitivity: 0.96 (95% Cl, 0.86-0.99). Pooled

specificity: 1.00 (95% Cl, 0.95-1.00).

*Prevalence of recurrent VTE was estimated to be 13% (1 year) to 30% (10 years) based on the review (20% used in the table).®’
tClinical PTP and p-dimer used to evaluate patients with suspected recurrent DVT, prevalence 44.8% (40% used in table).>®
#Certainty of evidence was downgraded twice for serious imprecision given the small population size from the 2 recurrent lower extremity DVT studies identified for analysis.
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for assessment of venous flow and some of the included studies
may have also performed Doppler alongside compression. In
addition, US is an operator-dependent diagnostic test.?® Last, the
diagnostic test accuracy estimates were determined for a test done
in a stand-alone manner, and we did not consider combinations of
tests in a pathway for establishing a diagnosis of lower extremity
DVT. This may be required, for example, in patients who have a low
PTP but have a positive D-dimer. The pooled sensitivity and
specificity estimates of the tests from this review only apply when
the test is performed alone; however, they can be used to model
various diagnostic strategies to inform clinical decision making.
Ultimately, the diagnostic tests will be used in a strategic approach
based on clinical pretest probability and with consideration of
availability, cost, and patient and provider values and preferences.

In conclusion, this comprehensive systematic review synthesizes
and evaluates the accuracy of commonly used tests for the
diagnosis of DVT of the lower extremities. Estimates of sensitivity
and specificity from this review were used to model diagnostic
strategies and inform evidence-based recommendations for a clin-
ical practice guideline.” For clinical decision making, the prevalence
or pretest probability for DVT in a population will influence how,
together with the sensitivity and specificity estimates, patients will
be managed.
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