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Background: Objective testing for DVT is crucial because clinical assessment alone is unreliable
and the consequences of misdiagnosis are serious. This guideline focuses on the identification of
optimal strategies for the diagnosis of DVT in ambulatory adults.
Methods: The methods of this guideline follow those described in Methodology for the Development of Antithrombotic Therapy and Prevention of Thrombosis Guidelines: Antithrombotic
Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians EvidenceBased Clinical Practice Guidelines.
Results: We suggest that clinical assessment of pretest probability of DVT, rather than performing
the same tests in all patients, should guide the diagnostic process for a first lower extremity DVT
(Grade 2B). In patients with a low pretest probability of first lower extremity DVT, we recommend initial testing with D-dimer or ultrasound (US) of the proximal veins over no diagnostic
testing (Grade 1B), venography (Grade 1B), or whole-leg US (Grade 2B). In patients with moderate pretest probability, we recommend initial testing with a highly sensitive D-dimer, proximal
compression US, or whole-leg US rather than no testing (Grade 1B) or venography (Grade 1B).
In patients with a high pretest probability, we recommend proximal compression or whole-leg US
over no testing (Grade 1B) or venography (Grade 1B).
Conclusions: Favored strategies for diagnosis of first DVT combine use of pretest probability assessment, D-dimer, and US. There is lower-quality evidence available to guide diagnosis of recurrent DVT,
upper extremity DVT, and DVT during pregnancy.
CHEST 2012; 141(2)(Suppl):e351S–e418S
Abbreviations: aOR 5 adjusted OR; CUS 5 compression ultrasonography; GRADE 5 Grades of Recommendation,
Assessment, Development, and Evaluation; IPG 5 impedance plethysmography; MR 5 magnetic resonance; PE 5 pulmonary embolism; US 5 ultrasonography

Summary of Recommendations
Note on Shaded Text: Throughout this guideline,
shading is used within the summary of recommendations sections to indicate recommendations that are
newly added or have been changed since the publication of Antithrombotic and Thrombolytic Therapy:
American College of Chest Physicians Evidence-Based
Clinical Practice Guidelines (8th Edition). Recommendations that remain unchanged are not shaded.
3.1. In patients with a suspected first lower
extremity DVT, we suggest that the choice of
diagnostic tests process should be guided by the
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clinical assessment of pretest probability rather
than by performing the same diagnostic tests in
all patients (Grade 2B).
Note: In considering this recommendation, five panelists voted for a strong recommendation and four voted
for a weak recommendation (one declined to vote and
two did not participate). According to predetermined
criteria, this resulted in weak recommendation.
3.2. In patients with a low pretest probability of
first lower extremity DVT, we recommend one
of the following initial tests: (i) a moderately
sensitive D-dimer, (ii) a highly sensitive D-dimer,
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or (iii) compression ultrasound (CUS) of the
proximal veins rather than (i) no diagnostic testing
(Grade 1B for all comparisons), (ii) venography
(Grade 1B for all comparisons), or (iii) whole-leg
ultrasound (US) (Grade 2B for all comparisons).
We suggest initial use of a moderately sensitive
(Grade 2C) or highly sensitive (Grade 2B) D-dimer
rather than proximal CUS.
Remarks: The choice between a moderately sensitive
D-dimer test, a highly sensitive D-dimer test, or proximal CUS as the initial test will depend on local availability, access to testing, costs of testing, and the
probability of obtaining a negative D-dimer result if
DVT is not present. Initial testing with US would be
preferred if the patient has a comorbid condition
associated with elevated D-dimer levels and is likely
to have a positive D-dimer result, even if DVT is absent.
In patients with suspected first lower extremity DVT
in whom US is impractical (eg, when leg casting or
excessive subcutaneous tissue or fluid prevent adequate assessment of compressibility) or nondiagnostic, we suggest CT scan venography or magnetic
resonance (MR) venography, or MR direct thrombus
imaging could be used as an alternative to venography.
If the D-dimer is negative, we recommend no
further testing over further investigation with
(i) proximal CUS, (ii) whole-leg US, or (iii) venogRevision accepted August 31, 2011.
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raphy (Grade 1B for all comparisons). If the proximal CUS is negative, we recommend no further
testing compared with (i) repeat proximal CUS
after 1 week, (ii) whole-leg US, or (iii) venography (Grade 1B for all comparisons).
If the D-dimer is positive, we suggest further
testing with CUS of the proximal veins rather
than (i) whole-leg US (Grade 2C) or (ii) venography (Grade 1B). If CUS of the proximal veins is
positive, we suggest treating for DVT and performing no further testing over performing
confirmatory venography (Grade 2C).
Remarks: In circumstances when high-quality venography is available, patients who are not averse to the
discomfort of venography, are less concerned about
the complications of venography, and place a high
value on avoiding treatment of false-positive results
are likely to choose confirmatory venography if findings for DVT are less certain (eg, a short segment of
venous noncompressibility).
3.3. In patients with a moderate pretest probability of first lower extremity DVT, we recommend one of the following initial tests: (i) a
highly sensitive D-dimer or (ii) proximal CUS,
or (iii) whole-leg US rather than (i) no testing
(Grade 1B for all comparisons) or (ii) venography
(Grade 1B for all comparisons). We suggest initial
use of a highly sensitive D-dimer rather than US
(Grade 2C).
Remarks: The choice between a highly sensitive
D-dimer test or US as the initial test will depend on
local availability, access to testing, costs of testing,
and the probability of obtaining a negative D-dimer
result if DVT is not present. Initial testing with US
may be preferred if the patient has a comorbid condition associated with elevated D-dimer levels and is
likely to have a positive D-dimer result even if DVT
is absent. Whole-leg US may be preferred in patients
unable to return for serial testing and those with
severe symptoms consistent with calf DVT. In patients
with suspected first lower extremity DVT in whom
US is impractical (eg, when leg casting or excessive
subcutaneous tissue or fluid prevent adequate assessment of compressibility) or nondiagnostic, we suggest
CT scan venography, MR venography, or MR direct
thrombus imaging could be used as an alternative to
venography.
If the highly sensitive D-dimer is negative, we
recommend no further testing over further investigation with (i) proximal CUS, (ii) whole-leg US,
or (iii) venography (Grade 1B for all comparisons).
If the highly sensitive D-dimer is positive, we
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recommend proximal CUS or whole-leg US
rather than no testing (Grade 1B for all comparisons) or venography (Grade 1B for all comparisons).
If proximal CUS is chosen as the initial test and
is negative, we recommend (i) repeat proximal
CUS in 1 week or (ii) testing with a moderate or
highly sensitive D-dimer assay over no further
testing (Grade 1C) or venography (Grade 2B). In
patients with a negative proximal CUS but a
positive D-dimer, we recommend repeat proximal CUS in 1 week over no further testing
(Grade 1B) or venography (Grade 2B).
In patients with (i) negative serial proximal CUS
or (ii) a negative single proximal CUS and negative moderate or highly sensitive D-dimer, we
recommend no further testing rather than further testing with (i) whole-leg US or (ii) venography (Grade 1B for all comparisons).
If whole-leg US is negative, we recommend no
further testing over (i) repeat US in one week,
(ii) D-dimer testing, or (iii) venography (Grade 1B
for all comparisons). If proximal CUS is positive,
we recommend treating for DVT rather than
confirmatory venography (Grade 1B). If isolated
distal DVT is detected on whole-leg US, we suggest serial testing to rule out proximal extension over treatment (Grade 2C).
Remarks: Patients with abnormal isolated distal US
findings on whole-leg US who place a high value on
avoiding the inconvenience of repeat testing and a
low value on avoiding treatment of false-positive
results are likely to choose treatment over repeat US.
Patients with severe symptoms and risk factors for
extension as outlined in Perioperative Management of
Antithrombotic Therapy. Antithrombotic Therapy
and Prevention of Thrombosis, 9th ed: American
College of Chest Physicians Evidence-Based Clinical
Practice Guidelines are more likely to benefit from
treatment over repeat US.
3.4. In patients with a high pretest probability
of first lower extremity DVT, we recommend
either (i) proximal CUS or (ii) whole-leg US over
no testing (Grade 1B for all comparisons) or venography (Grade 1B for all comparisons).
Remarks: Whole-leg US may be preferred to proximal CUS in patients unable to return for serial testing
and those with severe symptoms consistent with calf
DVT. In patients with extensive unexplained leg
swelling, if there is no DVT on proximal CUS or
whole-leg US and D-dimer testing has not been
performed or is positive, the iliac veins should be
www.chestpubs.org
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imaged to exclude isolated iliac DVT. In patients
with suspected first lower extremity DVT in whom
US is impractical (eg, when leg casting or excessive
subcutaneous tissue or fluid prevent adequate assessment of compressibility) or nondiagnostic, we suggest
CT scan venography, MR venography, or MR direct
thrombus imaging could be used as an alternative to
venography.
If proximal CUS or whole-leg US is positive for
DVT, we recommend treatment rather than confirmatory venography (Grade 1B).
In patients with a negative proximal CUS, we
recommend additional testing with a highly sensitive D-dimer or whole-leg US or repeat proximal CUS in 1 week over no further testing
(Grade 1B for all comparisons) or venography
(Grade 2B for all comparisons). We recommend
that patients with a single negative proximal
CUS and positive D-dimer undergo whole-leg
US or repeat proximal CUS in 1 week over
no further testing (Grade 1B) or venography
(Grade 2B). In patients with negative serial proximal CUS, a negative single proximal CUS and
negative highly sensitive D-dimer, or a negative
whole-leg US, we recommend no further testing
over venography or additional US (Grade 1B for
negative serial proximal CUS and for negative single
proximal CUS and highly sensitive D-dimer; Grade 2B
for negative whole-leg US).
We recommend that in patients with high pretest probability, moderately or highly sensitive
D-dimer assays should not be used as standalone tests to rule out DVT (Grade 1B).
3.5. If risk stratification is not performed in
patients with suspected first lower extremity DVT,
we recommend one of the following initial tests:
(i) proximal CUS or (ii) whole-leg US rather than
(i) no testing (Grade 1B), (ii) venography (Grade 1B),
or D-dimer testing (Grade 2B).
Remarks: Whole-leg US may be preferred to proximal CUS in patients unable to return for serial testing
and those with severe symptoms consistent with calf
DVT or risk factors for extension of distal DVT. In
patients with suspected first lower extremity DVT in
whom US is impractical (eg, when leg casting or
excessive subcutaneous tissue or fluid prevent adequate assessment of compressibility) or nondiagnostic,
we suggest that CT scan venography, MR venography, or MR direct thrombus imaging could be used
as an alternative to venography.
We recommend that patients with a negative proximal CUS undergo testing with a moderate- or
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high-sensitivity D-dimer, whole-leg US, or repeat
proximal CUS in 1 week over no further testing
(Grade 1B) or venography (Grade 2B). In patients
with a negative proximal CUS, we suggest
D-dimer rather than routine serial CUS (Grade 2B)
or whole-leg US (Grade 2C). We recommend
that patients with a single negative proximal
CUS and positive D-dimer undergo further
testing with repeat proximal CUS in 1 week or
whole-leg US rather than no further testing
(Grade 1B for both comparisons).
We recommend that in patients with (i) negative serial proximal CUS, (ii) a negative D-dimer
following a negative initial proximal CUS, or (iii)
negative whole-leg US, no further testing be performed rather than venography (Grade 1B).
If proximal US is positive for DVT, we recommend treatment rather than confirmatory venography (Grade 1B). If isolated distal DVT is detected
on whole-leg US, we suggest serial testing to
rule out proximal extension over treatment
(Grade 2C).
Remarks: Patients with abnormal isolated distal US
findings on whole-leg US who place a high value on
avoiding the inconvenience of repeat testing and a low
value on avoiding treatment of false-positive results are
likely to choose treatment over repeat US. Patients with
severe symptoms and risk factors for extension as outlined in Perioperative Management of Antithrombotic
Therapy. Antithrombotic Therapy and Prevention of
Thrombosis, 9th ed: American College of Chest Physicians Evidence-Based Clinical Practice Guidelines are
more likely to benefit from treatment over repeat US.
3.6. In patients with suspected first lower
extremity DVT, we recommend against the routine use of CT venography or MRI (Grade 1C).
4.1. In patients suspected of having recurrent
lower extremity DVT, we recommend initial
evaluation with proximal CUS or a highly sensitive D-dimer over venography, CT venography,
or MRI (all Grade 1B).

of , 2 mm), we suggest at least one further
proximal CUS (day 7 ⫾ 1) or testing with a moderately or highly sensitive D-dimer (followed by
repeat CUS [day 7 ⫾ 1] if positive) rather than
no further testing or venography (Grade 2B).
Remarks: In patients with an abnormal proximal CUS
at presentation that does not meet the criteria for the
diagnosis of recurrence, an additional proximal CUS
on day 2 ⫾ 1 in addition to that on (day 7 ⫾ 1) may be
preferred. Patients who place a high value on an
accurate diagnosis and a low value on avoiding the
inconvenience and potential side effects of a venography are likely to choose venography over missed
diagnosis (in the case of residual diameter increase
of , 2 mm).
We recommend that patients with suspected
recurrent lower extremity DVT and a negative
highly sensitive D-dimer or negative proximal
CUS and negative moderately or highly sensitive D-dimer or negative serial proximal CUS
undergo no further testing for suspected recurrent DVT rather than venography (Grade 1B).
If CUS of the proximal veins is positive, we recommend treating for DVT and performing no
further testing over performing confirmatory
venography (Grade 1B for the finding of a new noncompressible segment in the common femoral or popliteal vein, Grade 2B for a ⱖ 4-mm increase in venous
diameter during compression compared with that in
the same venous segment on a previous result).
Remarks: Patients with US abnormalities at presentation that do not include a new noncompressible
segment who place a high value on an accurate diagnosis and a low value on avoiding the inconvenience
and potential side effects of a venography are likely
to choose venography over treatment (in the case
of ⱖ 4-mm increase in venous diameter).

If the highly sensitive D-dimer is positive, we recommend proximal CUS over venography, CT
venography, or MRI (Grade 1B for all comparisons).

4.2. In patients with suspected recurrent lower
extremity DVT and abnormal but nondiagnostic
US results (eg, an increase in residual venous
diameter of , 4 but ⱖ 2 mm), we recommend
further testing with venography, if available
(Grade 1B); serial proximal CUS (Grade 2B) or
testing with a moderately or highly sensitive
D-dimer with serial proximal CUS as above if the
test is positive (Grade 2B), as opposed to other
testing strategies or treatment.

In patients with suspected recurrent lower
extremity DVT in whom initial proximal CUS is
negative (normal or residual diameter increase

4.3. In patients with suspected recurrent ipsilateral DVT and an abnormal US without a prior
result for comparison, we recommend further

Remarks: Initial D-dimer testing with a high-sensitivity
assay is preferable if prior US is not available for
comparison.
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testing with venography, if available (Grade 1B) or
a highly sensitive D-dimer (Grade 2B) over serial
proximal CUS. In patients with suspected recurrent ipsilateral DVT and an abnormal US without
prior result for comparison and a negative highly
sensitive D-dimer, we suggest no further testing
over venography (Grade 2C). In patients with suspected recurrent ipsilateral DVT and an abnormal US without prior result for comparison and
a positive highly sensitive D-dimer, we suggest
venography if available over empirical treatment
of recurrence (Grade 2C).
Remarks: Patients who place a high value on avoiding
the inconvenience and potential side effects of a
venography are likely to choose treatment over
venography.
5.1. In pregnant patients suspected of having
lower extremity DVT, we recommend initial evaluation with proximal CUS over other initial tests,
including a whole-leg US (Grade 2C), moderately
sensitive D-dimer (Grade 2C), highly sensitive
D-dimer (Grade 1B), or venography (Grade 1B).
5.2. In pregnant patients with suspected DVT in
whom initial proximal CUS is negative, we suggest further testing with either serial proximal
CUS (day 3 and day 7) (Grade 1B) or a sensitive
D-dimer done at the time of presentation (Grade
2B) over no further testing for DVT. We recommend that patients with an initial negative proximal CUS and a subsequent negative sensitive
D-dimer or negative serial proximal CUS undergo no further testing for DVT (Grade 1B) and
that patients with positive D-dimer have an
additional follow-up proximal CUS (day 3 and
day 7) rather than venography (Grade 1B) or
whole-leg US (Grade 2C).
5.3. In pregnant patients with symptoms suggestive of isolated iliac vein thrombosis (swelling
of the entire leg, with or without flank, buttock,
or back pain) and no evidence of DVT on standard proximal CUS, we suggest further testing
with either Doppler US of the iliac vein (Grade
2C), venography (Grade 2C), or direct MRI
(Grade 2C), rather than standard serial CUS of
the proximal deep veins.
6.1. In patients suspected of having upper
extremity DVT, we suggest initial evaluation
with combined modality US (compression with
either Doppler or color Doppler) over other
initial tests, including highly sensitive D-dimer
or venography (Grade 2C).
www.chestpubs.org
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6.2. In patients with suspected upper extremity
DVT in whom initial US is negative for thrombosis
despite a high clinical suspicion of DVT, we suggest further testing with a moderate or highly sensitive D-dimer, serial US, or venographic-based
imaging (traditional, CT scan, or MRI), rather
than no further testing (Grade 2C).
In patients with suspected upper extremity DVT
and an initial negative combined-modality US and
subsequent negative moderate or highly sensitive
D-dimer or CT or MRI, we recommend no further testing, rather than confirmatory venography
(Grade 1C). We suggest that patients with an initial
combined negative modality US and positive
D-dimer or those with less than complete evaluation by US undergo venography rather than no
further testing, unless there is an alternative
explanation for their symptoms (Grade 2B), in
which case testing to evaluate for the presence
an alternative diagnosis should be performed. We
suggest that patients with a positive D-dimer or
those with less than complete evaluation by US
but an alternative explanation for their symptoms
undergo confirmatory testing and treatment of
this alternative explanation rather than venography (Grade 2C).
Remarks: Further radiologic testing (serial US or
venographic-based imaging or CT/MR to seek an
alternative diagnosis) rather than D-dimer testing is
preferable in patients with comorbid conditions typically associated with elevated D-dimer levels.
is a common condition that affects approxiDVT
mately one in 1,000 persons per year. Objective
1,2

testing for DVT is crucial because clinical assessment
alone is unreliable,3-6 and the consequences of misdiagnosis are serious, including fatal pulmonary embolism
(PE).7,8 Although anticoagulant therapy is effective,9 its
unnecessary use entails expense, inconvenience, and
risk of major hemorrhage.9 Only a minority of patients
evaluated for suspected DVT actually have the disease.10 Therefore, diagnostic strategies must be able to
correctly rule in DVT when it is present and safely
rule out DVT when it is absent.
Three categories of tests are typically used to determine the probability of DVT: (1) clinical probability
assessment based on patient history and clinical findings, (2) D-dimer assays, and (c) imaging studies
(most commonly venous ultrasonography [US] and less
frequently venography, CT scan, or MRI). Diagnostic
testing often requires that the results of more than
one assessment are combined. The goal of choosing
one strategy over another is to improve patient outcomes in the most efficient manner.
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This article focuses on the identification of optimal
strategies for the diagnosis of clinically suspected
DVT in adults. Consecutive sections of this chapter
concentrate on first DVT, recurrent DVT, upper
extremity DVT, and DVT during pregnancy. Most of
the data come from evaluations of patients in the
ambulatory setting (ie, outpatient or ED), and our
recommendations are most applicable to this patient
population. Recommendations for the treatment of
DVT once diagnosed can be found in Kearon et al.11
1.0 Methods
Article panelists identified questions related to the evaluation
of adults with suspected DVT (Table 1). A broad overview search
was performed centrally and provided to all coauthors, who followed it with more specific searching as required. Recommendations were developed from this evidence.
Eligible studies included both those addressing diagnostic
accuracy (cross-sectional accuracy studies) and studies that assessed
clinical outcomes such as DVT or PE during follow-up (prospective cohort management studies and randomized controlled trials
[RCTs]). In typical management studies, investigators follow
untreated patients with negative test results and record the proportion of patients who develop VTE. For each section, we developed corresponding methodology tables that included information
on the study question (in terms of population, intervention, comparator, and outcome), the type of evidence assessed (meta-analysis
or original study; cross-sectional study or management cohort
or randomized trial), and selected details of study execution
(inclusion of consecutive patients and independence of test result
assessment). Findings of individual studies and meta-analyses are
presented in descriptive tables and, when feasible, overall findings relating to each question are summarized as Evidence Profiles and Summary of Findings tables.
For accuracy studies, we extracted sensitivity and specificity
and then estimated the effect on patient-important outcomes (eg,
DVT, PE, death, bleeding in treated patients) that would be associated with this level of accuracy, assuming prevalences of DVT
that correspond to high, moderate, and low pretest probability
categories. For studies in which the diagnostic test was used to
manage patients (ie, management studies), the incidence of VTE
during follow-up was determined for patients in whom anticoagulation and additional diagnostic testing were withheld on the basis
of negative test results.
Following the approach articulated by Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) for
formulation of recommendations related to diagnosis,12 we first
considered the quality of evidence (representing our confidence
that the testing strategy would result in patient outcomes that support a particular recommendation). We initially considered studies
as providing high quality of evidence, unless rated down because
of the following factors: risk of bias (eg, unrepresentative patients,
lack of independent assessment of test and criterion standard),
inconsistency (differences among study results), indirectness
(with respect to the population studied, the tests performed, or
the outcome measured), lack of precision, and risk of publication
bias. Unless otherwise explicitly stated, the quality of evidence
obtained from cross-sectional accuracy studies was lowered by
one level because of the indirectness with which sensitivity and
specificity corresponds to patient-important outcomes.
Typically, diagnostic strategies for DVT have been deemed
acceptable if they have demonstrated no more than a 2% frequency
e356S
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of VTE during follow-up (a rate comparable to that seen when
DVT is excluded by venography) in management studies in which
treatment is withheld on the basis of a negative result.13 Management studies that assess the follow-up frequency of VTE after
negative diagnostic testing provide no information regarding falsepositive diagnoses for DVT. Patients who are misdiagnosed with
DVT will be prescribed unnecessary anticoagulants and some will
suffer major bleeding as a result.
To overcome this limitation, we estimated the risk of major
bleeding associated with different diagnostic strategies. These estimates were based on (1) the proportion of patients diagnosed with
DVT (derived from sensitivity and specificity, with the assumption
that all diagnosed DVT are treated), and (2) the frequency of major
bleeding with 3 months of therapeutic-dose anticoagulants in
cohort studies and randomized trials of patients with VTE. Because
the evidence regarding major bleeding emerging from these
models is indirect, it is generally rated as no higher than moderate
quality.
For those diagnostic tests that have been robustly evaluated in
management studies (ie, in patients with suspected first lower
extremity DVT), we have assessed the impact of various strategies
on major bleeding (both fatal and nonfatal, in patients prescribed
anticoagulants on the basis of a positive test result) and mortality, as
well as on the frequency of PE during follow-up (fatal and nonfatal)
after application of a given diagnostic strategy (see Table S1 for list
of strategies) (tables that contain an “S” before the number denote
supplementary tables not contained in the body of the article and
available instead in an online data supplement; see the “Acknowledgments” for more information). Management studies that followed cohorts of patients subjected to specific strategies for DVT
diagnosis were used to determine the proportion of patients initially judged to be DVT-free who returned with symptomatic VTE.
In order to identify the proportion and clinical course of patients
incorrectly classified as having DVT and to estimate the risk of PE
(fatal and nonfatal) in patients incorrectly categorized, we used a
decision analytic model based on methodology described in detail
in previous publications.14,15 The model was originally developed
to estimate the cost-effectiveness of diagnostic strategies. It was
updated to include estimates of the outcomes (see below) of patients
with DVT treated with anticoagulation for at least 3 months
reported in a recent meta-analysis.9 Sensitivities and specificities
from meta-analyses were used to determine the proportion of
patients with proximal, distal, and no DVT subjected to each diagnostic strategy who would be treated with anticoagulant therapy.
Based on the results of a previous meta-analysis of patients
with suspected symptomatic DVT of the leg, we estimated an
overall prevalence of proximal DVT of 19.0%,10 with prevalences
of 56.2%, 12.4%, and 3.4% in the high, moderate, and low pretest
probability groups, respectively. The overall prevalence of distal
DVT was estimated to be 5%. Untreated distal DVT was assumed
not to directly cause PE; we estimated the probability of propagation to proximal veins of 21.4%. We estimated the probability that
patients with treated proximal DVT would suffer a fatal PE to be
0.3% and a nonfatal PE to be 1.4% over 3 months.
The model assumed that all bleeding events were attributable to anticoagulation (ie, bleeding rates are not reported for
untreated patients). Patients receiving treatment had a 0.3% probability of fatal bleeding, a 0.1% probability of nonfatal intracranial
bleeding, and a 2.1% probability of major nonfatal non-intracranial
bleeding over 3 months.9,14,15 All parameters were modeled with a
probability distribution to generate a credible range for the outcomes in question. The outputs from the model were the proportion of patients suffering the following events over the 3 months
after diagnostic assessment: (1) fatal PE, (2) nonfatal PE, (3) fatal
bleeding, (4) nonfatal intracranial bleeding, and (5) major nonfatal, non-intracranial bleeding. Table S1 lists the 21 diagnostic
algorithms evaluated with this model.16-35
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Patients with
Noncompressible venous
Venography
suspected first DVT
segment from common
femoral vein down to
and including the
trifurcation veins
In all patients
If low pre-TP
If moderate pre-TP
If high pre-TP
If positive highly sensitive
DD
If positive moderately
sensitive (SimpliRED)
DD
If negative highly
sensitive DD
If negative moderately
sensitive (SimpliRED)
DD

What are the consequences
of using CUS to
diagnose proximal
DVT

VTE during additional
testing or 3-6 mo
follow-up if
intervention negative
for DVT

Patients with
Negative venography
suspected first DVT

Methodology

(Continued)

RCTs
Observational studies
Prospective cohort studies (can be single
Number of nonevaluable
group or single arm that used diagnostic intervention
test results
specified in question)
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management
studies)
FN/1,000 of negatives
RCTs
(eg, post-TP of a
Observational studies
negative test)
Prospective cohort studies (can be single
Morbidity caused by
group or single arm that used diagnostic intervention
test strategy
specified in question)
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
FP/1,000 of positive
RCTs
(eg, post-TP of a
Observational studies
positive test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Specificity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)

Outcome

Morbidity caused by
test strategy

Suspected first DVT (Section 3.0)

Comparator

What are the consequences
of using venography to
rule out first DVT?

Intervention

Patients with
Persistent intraluminal
suspected first DVT
filling defect

Population

What are the consequences
of using venography
to diagnose first
DVT?

Informal Question

PICO Question
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Population

Intervention

Patients with
Proximal CUS on
suspected first DVT
presentation and if
negative a follow-up
test approximately
1 wk later

Comparator
Venography or VTE
during additional
testing or 3-6 mo
follow-up if
intervention negative
for DVT

Patients with
Noncompressible venous
Venography or serial
suspected first DVT
segment isolated to
proximal CUS
the calf veins (eg,
plus VTE during
posterior tibial,
additional 3-6 mo
anterior tibial,
if negative for
and peroneal veins)
proximal DVT
In all patients
If low pre-TP
If moderate pre-TP
If high pre-TP
If positive highly
sensitive DD
If positive moderately
sensitive (SimpliRED)
DD
If negative highly
sensitive DD
If negative moderately
sensitive DD
What are the consequences Patients with
Negative single wholeVenography or serial
of using a single wholesuspected first DVT
leg US on day of
proximal CUS plus
leg US to exclude DVT
presentation
VTE during additional
(regardless of pre-TP)?
3-6 mo if negative for
proximal DVT

What are the consequences
of using whole-leg US
to diagnose distal DVT

What are the consequences
of using serial proximal
CUS to exclude DVT
(regardless of pre-TP)?

Informal Question

PICO Question
Outcome

Methodology

(Continued)

FN/1,000 of negatives
RCTs
(eg, post-TP of a
Observational studies
negative test)
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

FN/1,000 of negatives
RCTs
(eg, post-TP of a negative Observational studies
test) if management study
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
FP/1,000 of positive
RCTs
(eg, post-TP of
Observational studies
a positive test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Specificity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)

Table 1—Continued
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Population

Intervention

What are the consequences
of using pre-TP with a
negative proximal CUS
to exclude DVT?

What are the consequences
of using a negative
proximal CUS and
negative DD to
exclude DVT?

What are the consequences
of using DD and
pre-TP to exclude
DVT?

Comparator
Venography or serial
proximal CUS plus
VTE during additional
3-6 mo if negative for
proximal DVT

Patients with
Negative moderately
Venography or serial
suspected first DVT
sensitive (SimpliRED)
proximal CUS plus
DD plus low/moderate/
VTE during additional
high pre-TP at
3-6 mo if negative for
presentation or
proximal DVT
Negative highly sensitive
DD plus low/moderate/
high pre-TP at
presentation
Patients with
Negative moderately
Venography or serial
suspected first DVT
sensitive (SimpliRED)
proximal CUS plus
DD plus negative
VTE during additional
proximal CUS at
3-6 mo if negative for
presentation or
proximal DVT
Negative highly sensitive DD
plus negative proximal
CUS at presentation
Patients with
Negative proximal CUS
Venography or serial
suspected first DVT
plus low/moderate/
proximal CUS plus
high pre-TP at
VTE during additional
presentation
3-6 mo if negative for
proximal DVT

What are the consequences Patients with
Negative highly sensitive
of using a highly sensitive
suspected first DVT
DD on day of
DD as a stand-alone
presentation
test to exclude DVT?

Informal Question

PICO Question
Outcome

Methodology

(Continued)

FN/1,000 of negatives
RCTs
(eg, post-TP of a
Observational studies
negative test)
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
FN/1,000 of negatives
RCTs
(eg, post-TP of a
Observational studies
negative test)
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)

FN/1,000 of negatives
RCTs
(eg, post-TP of a
Observational studies
negative test)
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
FN/1,000 of negatives
RCTs
(eg, post-TP of a
Observational studies
negative test)
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Table 1—Continued
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Venography or serial
proximal CUS plus
VTE during additional
3-6 mo if negative for
proximal DVT

Venography or serial
proximal CUS plus
VTE during additional
3-6 mo if negative for
proximal DVT

Patients with
Repeat proximal CUS
suspected first DVT
(within approximately
1 wk)

Patients with
Negative highly sensitive
suspected first DVT
DD or negative
moderately sensitive
(SimpliRED) DD

Venography or serial
proximal CUS plus
VTE during additional
3-6 mo if negative for
proximal DVT

Comparator

What are the consequences
of using serial proximal
CUS to exclude DVT
in patients with a
positive DD?
Negative proximal CUS
plus positive moderately
sensitive (SimpliRED)
or highly sensitive DD
plus low pre-TP
Negative proximal CUS
plus positive moderately
sensitive (SimpliRED)
or highly sensitive DD
plus moderate pre-TP
Negative proximal CUS
plus positive highly
sensitive DD plus
high pre-TP
What are the consequences
of using a negative DD
to obviate the need for
serial testing in patients
with a negative proximal
CUS and moderate or
high pre-TP at
presentation?
Negative proximal CUS
plus moderate pre-TP
Negative proximal CUS
plus high pre-TP

Intervention

Patients with
Repeat proximal CUS
suspected first DVT
(within approximately
1 wk)

Population

What are the consequences
of using serial proximal
CUS to exclude DVT
in patients with a low/
moderate/high pre-TP?

Informal Question

PICO Question
Outcome

Methodology

(Continued)

FN/1,000 of negatives
RCTs
(eg, post-TP of a
Observational studies
negative test)
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

FN/1,000 of negatives
RCTs
(eg, post-TP of a
Observational studies
negative test)
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
FN/1,000 of negatives
RCTs
(eg, post-TP of a
Observational studies
negative test)
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
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Patients with
Intraluminal filling defect
suspected first DVT

What are the consequences
of using contrast MR
venography to
diagnose DVT?

Patients with
Negative MR venography
suspected first DVT

Patients with
High signal intensity
suspected first DVT

What are the consequences
of using contrast MR
venography to
exclude DVT?

What are the consequences
of using MR direct
thrombus imaging
to diagnose DVT

Negative CT scan
venography

Patients with
suspected first
DVT

Intervention
Intraluminal filling defect

What are the consequences
of using CT scan
venography to
exclude DVT?

Population

Patients with
suspected first
DVT

What are the consequences
of using CT scan
venography to
diagnose DVT

Informal Question

Comparator

Outcome

Methodology

FN/1,000 of negatives
RCTs
(eg, post-TP of a
Observational studies
negative test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Sensitivity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)
FP/1,000 of positive
RCTs
(eg, post-TP of a
Observational studies
positive test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Specificity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)

FP/1,000 of positive
RCTs
(eg, post-TP of
Observational studies
a positive test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Specificity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)

(Continued)

FN/1,000 of negatives
RCTs
(eg, post-TP of a
Observational studies
negative test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Sensitivity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography or serial
FP/1,000 of positive
RCTs
proximal CUS plus
(eg, post-TP of a
Observational studies
VTE during additional
positive test) if
Prospective cohort studies (can be single
3-6 mo if negative for
management study
group or single arm that used diagnostic intervention
proximal DVT or single Specificity if accuracy study
specified in question)
whole-leg US plus VTE Morbidity caused by
Cross-sectional accuracy studies
during additional 3-6 mo
test strategy
(if insufficient data from randomized controlled
if negative for DVT
management trials or prospective management studies)

Venography or serial
proximal CUS plus
VTE during additional
3-6 mo if negative for
proximal DVT or single
whole-leg US plus
VTE during additional
3-6 mo if negative
for DVT
Venography or VTE
during additional
testing or 3-6 mo
follow-up if
intervention
negative for DVT

Venography or serial
proximal CUS plus
VTE during additional
3-6 mo if negative
for proximal DVT
or single whole-leg
US plus VTE during
additional 3-6 mo if
negative for DVT
Venography or VTE
during additional
testing or 3-6 mo
follow-up if
intervention negative
for DVT

PICO Question

Table 1—Continued
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Patients with
suspected recurrent
DVT

Patients with
suspected
recurrent DVT

Patients with
suspected recurrent
DVT

What are the consequences
of using venography
to diagnose recurrent
DVT?

What are the consequences
of using venography
to rule out recurrent
DVT?

What are the consequences
of using serial proximal
CUS to diagnose
recurrent DVT in
the presence of the
following?

Population

Patients with
suspected first
DVT

What are the consequences
of using MR direct
thrombus imaging to
exclude DVT?

Informal Question
Negative MR direct
thrombus imaging

Comparator
Venography or VTE
during additional
testing or 3-6 mo
follow-up if
intervention negative
for DVT

Outcome

Methodology

(Continued)

FN/1,000 of negatives
RCTs
(eg, post-TP of a
Observational studies
negative test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Sensitivity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)
Suspected recurrent DVT (Section 4.0)
Persistent intraluminal
Morbidity caused by
RCTs
filling defect
test strategy
Observational studies
Number of
Prospective cohort studies (can be single
nonevaluable tests
group or single arm that used diagnostic
intervention specified in question)
Cross-sectional accuracy studies (if
insufficient data from randomized controlled
management trials or prospective management studies)
Negative venography or
VTE during additional
FN/1,000 (eg, post-TP
RCTs
venography with no
testing or 3-6 mo
of a negative test)
Observational studies
new intraluminal
follow-up if
Morbidity caused by
Prospective cohort studies (can be single
filling defects
intervention shows no
test strategy
group or single arm that used diagnostic intervention
evidence of recurrence
specified in question)
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography
FP/1,000 of positive
RCTs
(eg, post-TP of
Observational studies
a positive test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Specificity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)

Intervention

PICO Question

Table 1—Continued
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New noncompressible
segment

What are the consequences
of using serial proximal
CUS to exclude
recurrent DVT in
the absence of the
following?

New noncompressible
segment or increase
in residual venous
diameter

Increase in residual
venous diameter

New noncompressible
segment

Informal Question

Patients with
suspected recurrent
DVT

Population

Proximal CUS on
presentation and if
negative or no new
noncompressible
segment compared
with previous, follow-up
test(s) over next
5-10 d, examining for
new noncompressible
segment

New noncompressible
segment compared
with previous
proximal CUS either
at presentation or on
follow-up test(s) over
next 7-10 d
New increase in residual
venous diameter
greater than specified
compared with previous
proximal CUS either
at presentation
or on follow-up test(s)
over next 7-10 d
New noncompressible
segment or change in
residual diameter
greater than specified
compared with previous
proximal CUS at
presentation or on
follow-up test(s) over
next 7-10 d

Intervention

Comparator

Venography or VTE
during additional
testing or 3-6 mo
follow-up if
intervention shows
no evidence of
recurrence

PICO Question
Outcome

FN/1,000 (eg, post-TP
of a negative test) if
management study
Sensitivity if
accuracy study
Morbidity caused
by test strategy

Table 1—Continued

(Continued)

RCTs
Observational studies
Prospective cohort studies (can be single
group or single arm that used diagnostic intervention
specified in question)
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Methodology
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What are the consequences
of using DD and
pre-TP to exclude
suspected recurrent
DVT?

New noncompressible
segment or change in
residual venous
diameter

Change in residual
venous diameter

Informal Question

Intervention

Comparator

Proximal CUS on
presentation and if
negative or change in
residual venous diameter
less than specified
compared with previous,
follow-up test(s) over
next 5-10 d, examining
for change in residual
venous diameter
Proximal CUS on
presentation and if
negative or no new
noncompressible segment
or change in residual
diameter greater than
specified compared with
previous, follow-up test(s)
over next 5-10 d,
examining for new
noncompressible segment
or change in residual
venous diameter
Patients with
Negative moderately
Venography or VTE
suspected recurrent
sensitive (SimpliRED)
during additional
DVT
DD plus low/moderate/
testing or 3-6 mo
high pre-TP at
follow-up if
presentation OR
intervention shows
Negative highly sensitive DD
no evidence of
plus low/moderate/
recurrence
high pre-TP at
presentation

Population

PICO Question
Outcome

Methodology

(Continued)

FN/1,000 (eg, post-TP
RCTs
of a negative test) if
Observational studies
management study
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by test
specified in question)
strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Table 1—Continued
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Population

Intervention

Comparator

Patients with
Intraluminal filling defect
suspected recurrent
DVT

Patients with
Negative CT scan
suspected recurrent
venography
DVT

What are the consequences
of using CT scan
venography to diagnose
recurrent DVT

What are the consequences
of using CT scan
venography to exclude
recurrent DVT?

Outcome

Methodology

FN/1,000 (eg, post-TP
RCTs
of a negative test) if
Observational studies
management study
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by test
specified in question)
strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

(Continued)

FN/1,000 (eg, post-TP
RCTs
of a negative test) if
Observational studies
management study
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography
FP/1,000 of positive
RCTs
(eg, post-TP of a positive Observational studies
test) if management study
Prospective cohort studies (can be single
Specificity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography or VTE
FN/1,000 (eg, post-TP
RCTs
during additional
of a negative test) if
Observational studies
testing or 3-6 mo
management study
Prospective cohort studies (can be single
follow-up if intervention Sensitivity if accuracy study
group or single arm that used diagnostic intervention
shows no evidence of
Morbidity caused by
specified in question)
recurrence
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Negative moderately
Venography or VTE
What are the consequences Patients with
suspected recurrent
sensitive (SimpliRED)
during additional
of using a negative
DVT
DD plus negative/
testing or 3-6 mo
DD and proximal CUS
unchanged (with
follow-up if
(or proximal CUS
unchanged from
respect to
intervention
previous with respect
noncompressible
shows no evidence
to noncompressible
segments and/or residual
of recurrence
segment and/or residual
venous diameter)
venous diameter) to
proximal CUS at
exclude recurrent DVT?
presentation or
Negative highly sensitive DD
plus negative proximal
CUS (with respect
to noncompressible
segments and/or
residual venous
diameter) at
presentation
What are the consequences Patients with
Negative moderately
Venography or VTE
of using a negative DD
suspected recurrent
sensitive
during additional
to exclude recurrent
DVT
(SimpliRED) or
testing or 3-6 mo
DVT?
Negative highly sensitive DD
follow-up if intervention
shows no evidence of
recurrence

Informal Question

PICO Question

Table 1—Continued

e366S

Downloaded From: http://journal.publications.chestnet.org/ on 06/15/2013

Diagnosis of DVT

Population

Intervention

Patients with
suspected recurrent
DVT

Patients with
suspected recurrent
DVT

Patients with
suspected recurrent
DVT

Patients with
suspected recurrent
DVT

What are the consequences
of using contrast MR
venography to exclude
recurrent DVT?

What are the consequences
of using MR direct
thrombus imaging to
diagnose recurrent
DVT?

What are the consequences
of using MR direct
thrombus imaging to
exclude recurrent
DVT?

What are the consequences
of using venography to
diagnose DVT during
pregnancy

Comparator
Venography

Outcome

Methodology

(Continued)

FP/1,000 of positive
RCTs
(eg, post-TP of a
Observational studies
positive test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Specificity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)
Negative MR venography
Venography or VTE
FN/1,000 (eg, post-TP
RCTs
during additional
of a negative test) if
Observational studies
testing or 3-6 mo
management study
Prospective cohort studies (can be single
follow-up if intervention Sensitivity if accuracy study
group or single arm that used diagnostic intervention
shows no evidence of
Morbidity caused by
specified in question)
recurrence
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
High signal intensity
Venography
FP/1,000 of positive
RCTs
(eg, post-TP of a
Observational studies
positive test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Specificity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)
Negative MR direct
Venography or VTE
FN/1,000 (eg, post-TP
RCTs
thrombus imaging
during additional
of a negative test) if
Observational studies
testing or 3-6 mo
management study
Prospective cohort studies (can be single
follow-up if intervention Sensitivity if accuracy study
group or single arm that used diagnostic intervention
shows no evidence of
Morbidity caused by
specified in question)
recurrence
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Suspected DVT in pregnancy (Section 5.0)
RCTs
Persistent intraluminal
FP/1,000 of positive
Observational studies
filling defect
(eg, post-TP of a
Prospective cohort studies (can be single
positive test)
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies (if
Radiation exposure
insufficient data from randomized controlled
to the fetus (also
teratogenicity, increase
management trials or prospective management studies)
in the risk of childhood
cancer, fetal loss)

What are the consequences Patients with
Intraluminal filling defect
of using contrast MR
suspected recurrent
venography to diagnose
DVT
recurrent DVT

Informal Question

PICO Question

Table 1—Continued
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What are the consequences
of using serial proximal
CUS to exclude DVT
during pregnancy,
regardless of pre-TP?

Pregnant women
with suspected
DVT

Comparator
VTE during additional
testing or 3-6 mo
follow-up if
intervention shows
no evidence of DVT

Outcome
FN/1,000 (eg, post-TP
of a negative test)
Morbidity caused by
test strategy
Radiation exposure to the
fetus (also teratogenicity,
increase in the risk
of childhood cancer,
fetal loss)
FP/1,000 of positive (eg,
post-TP of a positive test)
if management study
Specificity if accuracy study
Morbidity caused by test
strategy

Noncompressible venous
Venography
segment from common
femoral vein down to
and including the
trifurcation veins and/
or absence of Doppler
flow in the iliac vein
In all patients
If low pre-TP
If moderate pre-TP
If high pre-TP
If positive highly sensitive
DD
If positive moderately
sensitive (SimpliRED)
DD
If negative highly
sensitive DD
If negative moderately
sensitive (SimpliRED)
DD
Proximal CUS on
Venography or VTE
FN/1,000 (eg, post-TP
presentation and if
during additional
of a negative test) if
negative follow-up
testing or 3-6 mo
management study
tests within 5-10 d
follow-up if intervention Sensitivity if accuracy study
shows no evidence
Morbidity caused by
of DVT
test strategy

Pregnant women
with suspected
DVT

Intervention

What are the consequences
of using CUS to
diagnose proximal
DVT during
pregnancy

Population

Patients with
Negative venography
suspected recurrent
DVT

What are the consequences
of using venography to
rule out DVT during
pregnancy?

Informal Question

PICO Question

Table 1—Continued

Methodology

(Continued)

RCTs
Observational studies
Prospective cohort studies (can be single
group or single arm that used diagnostic intervention
specified in question)
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

RCTs
Observational studies
Prospective cohort studies (can be single
group or single arm that used diagnostic intervention
specified in question)
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

RCTs
Observational studies
Prospective cohort studies (can be single
group or single arm that used diagnostic intervention
specified in question)
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
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Pregnant women
with suspected
DVT

Pregnant women
with suspected
DVT

Pregnant women
with suspected
DVT

What are the consequences
of using pre-TP with a
negative proximal CUS
to exclude DVT during
pregnancy?

What are the consequences
of using serial proximal
CUS to exclude DVT
in patients with a low/
moderate/high pre-TP
during pregnancy?

What are the consequences
of using serial proximal
CUS to exclude DVT in
patients with a positive
DD during pregnancy?
Negative proximal CUS
plus positive moderately
sensitive (SimpliRED)
or highly sensitive DD
plus low pre-TP
Negative proximal CUS
plus positive moderately
sensitive (SimpliRED)
or highly sensitive DD
plus moderate pre-TP
Negative proximal CUS
plus positive highly
sensitive DD plus high
pre-TP

Population

Pregnant women
with suspected
DVT

What are the consequences
of using a negative
proximal CUS and
negative DD to exclude
DVT during pregnancy?

Informal Question

Repeat proximal CUS
(within approximately
1 wk)

Repeat proximal CUS
(within approximately
1 wk)

Outcome

Methodology

(Continued)

FN/1,000 (eg, post-TP of a RCTs
negative test) if
Observational studies
management study
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
FN/1,000 (eg, post-TP of a RCTs
negative test) if
Observational studies
management study
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography or VTE
FN/1,000 (eg, post-TP of a RCTs
during additional
negative test) if
Observational studies
testing or 3-6 mo
management study
Prospective cohort studies (can be single
follow-up if intervention Sensitivity if accuracy study
group or single arm that used diagnostic intervention
shows no evidence of
Morbidity caused by
specified in question)
DVT
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography or VTE
FN/1,000 (eg, post-TP of a RCTs
during additional
negative test) if
Observational studies
testing or 3-6 mo
management study
Prospective cohort studies (can be single
follow-up if intervention Sensitivity if accuracy study
group or single arm that used diagnostic intervention
shows no evidence
Morbidity caused by
specified in question)
of DVT
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Comparator

Negative moderately
Venography or VTE
sensitive (SimpliRED)
during additional
plus negative proximal
testing or 3-6 mo
CUS at presentation
follow-up if intervention
OR
shows no evidence of
Negative highly sensitive DD
DVT
plus negative proximal
CUS at presentation
Negative proximal CUS
Venography or VTE
plus low/moderate/
during additional
high pre-TP at
testing or 3-6 mo
presentation
follow-up if intervention
shows no evidence
of DVT

Intervention

PICO Question
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Population

What are the consequences
of using serial proximal
CUS to exclude DVT
in patients with a low/
moderate/high pre-TP?

Pregnant women
with suspected
DVT

What are the consequences Pregnant women
of using a negative DD
with suspected
to obviate the need for
DVT
serial testing in patients
with a negative proximal
CUS and moderate
or high pre-TP at
presentation during
pregnancy?
Negative proximal CUS
plus moderate pre-TP
Negative proximal CUS
plus high pre-TP
What are the consequences Pregnant women
of using pre-TP with a
with suspected
negative proximal
DVT
CUS to exclude DVT?

Informal Question

Comparator

Outcome

Methodology

Venography or VTE
FN/1,000 (eg, post-TP of
RCTs
during additional
a negative test) if
Observational studies
testing or 3-6 mo
management study
Prospective cohort studies (can be single
follow-up if intervention Sensitivity if accuracy study
group or single arm that used diagnostic intervention
shows no evidence
Morbidity caused by
specified in question)
of DVT
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

(Continued)

Negative proximal CUS
Venography or VTE
FN/1,000 (eg, post-TP of
RCTs
plus low/moderate/high
during additional
a negative test) if
Observational studies
pre-TP at presentation
testing or 3-6 mo
management study
Prospective cohort studies (can be single
follow-up if intervention Sensitivity if accuracy study
group or single arm that used diagnostic intervention
shows no evidence
Morbidity caused by
specified in question)
of DVT
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Repeat proximal CUS
Venography or VTE during FN/1,000 (eg, post-TP of
RCTs
(within approximately
additional testing or
a negative test) if
Observational studies
1 wk)
3-6 mo follow-up if
management study
Prospective cohort studies (can be single
intervention shows
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
no evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Negative highly sensitive
DD or negative
moderately sensitive
(SimpliRED) DD

Intervention

PICO Question
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e370S

Downloaded From: http://journal.publications.chestnet.org/ on 06/15/2013

Diagnosis of DVT

Population

Pregnant women
with suspected
DVT

What are the consequences Pregnant women
of using a highly sensitive with suspected
DD as a stand-alone test DVT
to exclude DVT during
pregnancy?

What are the consequences Pregnant women
of using a single wholewith suspected
leg US to exclude DVT
DVT
during pregnancy?

What are the consequences
of whole-leg US to
diagnose distal DVT
during pregnancy

Informal Question

Comparator

Negative highly sensitive
DD on day of
presentation

Outcome

Methodology

FP/1,000 of positive
RCTs
(eg, post-TP of a
Observational studies
positive test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Specificity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)

(Continued)

FN/1,000 (eg, post-TP
RCTs
of a negative test) if
Observational studies
management study
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography or VTE
Venography or VTE
RCTs
during additional
during additional
Observational studies
testing or 3-6 mo
testing or 3-6 mo
Prospective cohort studies (can be single
follow-up if intervention
follow-up if intervention
group or single arm that used diagnostic intervention
shows no evidence
shows no evidence
specified in question)
of DVT
of DVT
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Noncompressible venous
Venography or serial
segment isolated to
proximal CUS
the calf veins (eg,
plus VTE during
posterior tibial,
additional 3-6 mo if
anterior tibial, and
negative for
peroneal veins)
proximal DVT
In all patients
If low pre-TP
If moderate pre-TP
If high pre-TP
If positive highly sensitive
DD
If positive moderately
sensitive (SimpliRED)
DD
If negative highly sensitive
DD
If negative moderately
sensitive (SimpliRED)
DD
Negative single whole-leg
Venography or VTE
US on day of
during additional
presentation
testing or 3-6 mo
follow-up if intervention
shows no evidence
of DVT

Intervention

PICO Question

Table 1—Continued

www.chestpubs.org

Downloaded From: http://journal.publications.chestnet.org/ on 06/15/2013

CHEST / 141 / 2 / FEBRUARY, 2012 SUPPLEMENT

e371S

Informal Question

Population

Intervention

Pregnant women
with suspected
DVT

Intraluminal filling defect

Negative CT scan
venography

What are the consequences Pregnant women
of using CT scan
with suspected
venography to exclude
DVT
DVT during pregnancy?

What are the consequences
of using contrast MR
venography to diagnose
DVT during pregnancy

Outcome

Methodology

(Continued)

RCTs
Observational studies
Prospective cohort studies (can be single
group or single arm that used diagnostic intervention
specified in question)
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography
FP/1,000 of positive
RCTs
(eg, post-TP of a
Observational studies
positive test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Specificity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
Radiation exposure to the
management trials or prospective management studies)
fetus (also teratogenicity,
increase in the risk
of childhood cancer,
fetal loss)
Venography or VTE
FN/1,000 (eg, post-TP
RCTs
during additional
of a negative test) if
Observational studies
testing or 3-6 mo
management study
Prospective cohort studies (can be single
follow-up if intervention Sensitivity if accuracy study
group or single arm that used diagnostic intervention
shows no evidence
Morbidity caused by test
specified in question)
of DVT
strategy
Cross-sectional accuracy studies
Radiation exposure to
(if insufficient data from randomized controlled
the fetus (also
management trials or prospective management studies)
teratogenicity, increase in
the risk of childhood cancer,
fetal loss)
Venography
FP/1,000 of positive
RCTs
(eg, post-TP of a
Observational studies
positive test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Specificity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
Teratogenicity, increase
management trials or prospective management studies)
in the risk of childhood
cancer, fetal loss

Comparator

Negative moderately
Venography or VTE
Venography or VTE during
sensitive (SimpliRED)
during additional
additional testing or
DD on day of
testing or 3-6 mo
3-6 mo follow-up if
presentation
follow-up if intervention
intervention shows no
shows no evidence
evidence of DVT
of DVT

Intraluminal filling defect

Pregnant women
with suspected
DVT

What are the consequences Pregnant women
of using CT scan
with suspected
venography to diagnose
DVT
DVT during pregnancy?

What are the consequences
of using a moderately
sensitive (SimpliRED)
DD as a stand-alone
test to exclude DVT
pregnancy?

PICO Question

Table 1—Continued
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Pregnant women
with suspected
DVT

Pregnant women
with suspected
DVT

Patient with
suspected upper
extremity DVT

What are the consequences
of using MR direct
thrombus imaging to
diagnose DVT during
pregnancy?

What are the consequences
of using MR direct
thrombus imaging to
exclude DVT during
pregnancy?

What are the consequences
of using venography
diagnose upper
extremity DVT?

Population

Pregnant women
with suspected
DVT

What are the consequences
of using MR venography
to exclude DVT during
pregnancy?

Informal Question
Comparator

Outcome

Methodology

(Continued)

FN/1,000 (eg, post-TP
RCTs
Venography or VTE
during additional
of a negative test) if
Observational studies
testing or 3-6 mo
management study
Prospective cohort studies (can be single
follow-up if intervention Sensitivity if accuracy study
group or single arm that used diagnostic intervention
shows no evidence
Morbidity caused by
specified in question)
of DVT
test strategy
Cross-sectional accuracy studies
Teratogenicity, increase in the
(if insufficient data from randomized controlled
risk of childhood cancer,
management trials or prospective management studies)
fetal loss
High signal intensity
Venography
FP/1,000 of positive
RCTs
(eg, post-TP of a positive Observational studies
test) if management study
Prospective cohort studies (can be single
Specificity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
Teratogenicity, increase
(if insufficient data from randomized controlled
in the risk of
management trials or prospective management studies)
childhood cancer,
fetal loss
Negative MR direct
Venography or VTE
FN/1,000 (eg, post-TP
RCTs
thrombus imaging
during additional
of a negative test) if
Observational studies
testing or 3-6 mo
management study
Prospective cohort studies (can be single
follow-up if intervention Specificity if accuracy study
group or single arm that used diagnostic intervention
shows no evidence
Morbidity caused by
specified in question)
of DVT
test strategy
Cross-sectional accuracy studies
Teratogenicity, increase
(if insufficient data from randomized controlled
in the risk of childhood
management trials or prospective management studies)
cancer, fetal loss
Suspected upper extremity DVT (Section 6.0)
Intraluminal filling defect
Morbidity caused by
RCTs
test strategy
Observational studies
Number of nonevaluable
Prospective cohort studies (can be single
test results
group or single arm that used diagnostic intervention
specified in question)
Cross-sectional accuracy studies (if
insufficient data from randomized controlled
management trials or prospective management studies)

Negative MR venography

Intervention

PICO Question
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Patients with
suspected upper
extremity DVT

Patients with
suspected upper
extremity DVT

What are the consequences
of using Doppler US
to diagnose upper
extremity DVT?

Patients with
suspected upper
extremity DVT

What are the consequences
of using a single CUS
to exclude upper
extremity DVT

What are the consequences
of using serial CUS to
exclude upper
extremity DVT

Patients with
suspected upper
extremity DVT

What are the consequences
of using CUS to
diagnose upper
extremity DVT?

Population

Patients with
suspected upper
extremity DVT

What are the consequences
of using venography
to rule out upper
extremity DVT?

Informal Question
Comparator

Absent flow/absence of
phasic flow

CUS on presentation and
if negative follow-up
tests within 5-10 d

Negative CUS on
presentation

Outcome

Venography

Venography or VTE
during additional
testing or 3-6 mo
follow-up if
intervention shows
no evidence of DVT

FP/1,000 of positive
(eg, post-TP of a
positive test) if
management study
Specificity if accuracy study
Morbidity caused by
test strategy

FN/1,000 (eg, post-TP
of a negative test) if
management study
Sensitivity if accuracy study
Morbidity caused by test
strategy

Venography or VTE
FN/1,000 (eg, post-TP
during additional
of a negative test) if
testing or 3-6 mo
management study
follow-up if intervention Sensitivity if accuracy study
shows no evidence
Morbidity caused by
of DVT
test strategy

FP/1,000 of positive
(eg, post-TP of a
positive test) if
management study
Specificity if accuracy study
Morbidity caused by
test strategy

FN/1,000 (eg, post-TP
VTE during additional
of a negative test)
testing or 3-6 mo
follow-up if intervention Morbidity caused by
shows no evidence
test strategy
of recurrence

Noncompressible venous
Venography
segment or visualization
of echogenic material
(intraluminal thrombus)

Negative venography

Intervention

PICO Question

Table 1—Continued

Methodology

(Continued)

RCTs
Observational studies
Prospective cohort studies (can be single
group or single arm that used diagnostic intervention
specified in question)
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
RCTs
Observational studies
Prospective cohort studies (can be single
group or single arm that used diagnostic intervention
specified in question)
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
RCTs
Observational studies
Prospective cohort studies (can be single
group or single arm that used diagnostic intervention
specified in question)
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
RCTs
Observational studies
Prospective cohort studies (can be single
group or single arm that used diagnostic intervention
specified in question)
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
RCTs
Observational studies
Prospective cohort studies (can be single
group or single arm that used diagnostic intervention
specified in question)
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
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Patients with
suspected upper
extremity DVT

Patients with
suspected upper
extremity DVT

Patients with
suspected upper
extremity DVT

Patients with
suspected upper
extremity DVT

What are the consequences
of using serial Doppler
US to exclude upper
extremity DVT?

What are the consequences
of using duplex US
(compression plus
Doppler flow) to
diagnose upper
extremity DVT?

What are the consequences
of using a single duplex
US (compression plus
Doppler flow) to
exclude upper
extremity DVT?

What are the consequences
of using a serial duplex
US (compression plus
Doppler flow) to
exclude upper
extremity DVT?

Population

Patients with
suspected upper
extremity DVT

What are the consequences
of using a single
Doppler US to exclude
upper extremity DVT?

Informal Question
Comparator

Outcome

Methodology

(Continued)

Venography or VTE
FN/1,000 (eg, post-TP
RCTs
during additional testing
of a negative test) if
Observational studies
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Negative US on
Venography or VTE
FN/1,000 (eg, post-TP of
RCTs
presentation and
during additional testing
a negative test) if
Observational studies
negative follow-up
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
5-10 d later
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Noncompressible segment Venography
FP/1,000 of positive
RCTs
or visualization of
(eg, post-TP of a
Observational studies
echogenic material
positive test) if
Prospective cohort studies (can be single
(intraluminal thrombus)
management study
group or single arm that used diagnostic intervention
or absent flow/absence
Specificity if accuracy study
specified in question)
of phasic flow
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)
Negative US on
Venography or VTE
FN/1,000 (eg, post-TP
RCTs
presentation
during additional testing
of a negative test) if
Observational studies
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Negative US on
Venography or VTE
FN/1,000 (eg, post-TP of
RCTs
presentation and
during additional testing
a negative test) if
Observational studies
negative follow-up
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
5-10 d later
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Negative US on
presentation

Intervention

PICO Question
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Patients with
suspected upper
extremity DVT

Patients with
suspected upper
extremity DVT

Patients with
suspected upper
extremity DVT

What are the consequences
of using a negative
Doppler US and
negative DD to exclude
upper extremity DVT?

What are the consequences
of using a negative
duplex US and negative
DD to exclude upper
extremity DVT?

What are the consequences
of using pre-TP with a
negative CUS to exclude
upper extremity DVT?

Population

Patients with
suspected upper
extremity DVT

What are the consequences
of using a negative
CUS and negative DD
to exclude upper
extremity DVT?

Informal Question

Comparator

Outcome

Methodology

(Continued)

Negative moderately
Venography or VTE
FN/1,000 (eg, post-TP of
RCTs
sensitive (SimpliRED)
during additional testing
a negative test) if
Observational studies
DD plus negative CUS
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
at presentation or
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Negative highly sensitive DD
evidence of DVT
Morbidity caused by
specified in question)
plus negative CUS
test strategy
Cross-sectional accuracy studies
at presentation
(if insufficient data from randomized controlled
management trials or prospective management studies)
Negative moderately
Venography or VTE
FN/1,000 (eg, post-TP of a RCTs
sensitive (SimpliRED)
during additional testing
negative test) if
Observational studies
DD plus negative
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
doppler us at
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
presentation or
evidence of DVT
Morbidity caused by
specified in question)
Negative highly sensitive
test strategy
Cross-sectional accuracy studies
DD plus negative
(if insufficient data from randomized controlled
Doppler US at
management trials or prospective management studies)
presentation
Negative moderately
Venography or VTE
FN/1,000 (eg, post-TP of a RCTs
sensitive (SimpliRED)
during additional testing
negative test) if
Observational studies
DD plus negative
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
duplex US at
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
presentation or
evidence of DVT
Morbidity caused by
specified in question)
Negative highly sensitive
test strategy
Cross-sectional accuracy studies
DD plus negative
(if insufficient data from randomized controlled
duplex US at
management trials or prospective management studies)
presentation
Negative CUS plus low/
Venography or VTE
FN/1,000 (eg, post-TP of a RCTs
moderate/high pre-TP
during additional testing
negative test)
Observational studies
at presentation
or 3-6 mo follow-up if
if management study
Prospective cohort studies (can be single
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Intervention

PICO Question

Table 1—Continued
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Intervention

Repeat Doppler US
(within approximately
1 wk)

Patients with
suspected upper
extremity DVT

Patients with
suspected upper
extremity DVT

What are the consequences
of using serial Doppler
US to exclude DVT
in patients with a low/
moderate/high pre-TP
of upper extremity
DVT?

What are the consequences
of using serial duplex
US to exclude DVT in
patients with a low/
moderate/high pre-TP
of upper extremity
DVT?
Repeat duplex US (within
approximately 1 wk)

Repeat CUS (within
approximately 1 wk)

Negative duplex US plus
low/moderate/high
pre-TP at presentation

Negative Doppler US
plus low/moderate/
high pre-TP at
presentation

What are the consequences Patients with
of using serial CUS to
suspected upper
exclude DVT in patients
extremity DVT
with a low/moderate/
high pre-TP of upper
extremity DVT?

Patients with
suspected upper
extremity DVT

What are the consequences
of using pre-TP with a
negative duplex US
to exclude upper
extremity DVT?

Population

Patients with
suspected upper
extremity DVT

What are the consequences
of using pre-TP with a
negative Doppler US
to exclude upper
extremity DVT?

Informal Question
Comparator

Outcome

Methodology

(Continued)

Venography or VTE
FN/1,000 (eg, post-TP of
RCTs
during additional testing
a negative test) if
Observational studies
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography or VTE
FN/1,000 (eg, post-TP of
RCTs
during additional testing
a negative test) if
Observational studies
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography or VTE
FN/1,000 (eg, post-TP of
RCTs
during additional testing
a negative test) if
Observational studies
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography or VTE
FN/1,000 (eg, post-TP of
RCTs
during additional testing
a negative test) if
Observational studies
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography or VTE
FN/1,000 (eg, post-TP of
RCTs
during additional testing
a negative test) if
Observational studies
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

PICO Question
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Population

What are the consequences Patients with
of using serial CUS to
suspected upper
exclude upper extremity
extremity DVT
DVT in patients with a
positive DD?
Negative CUS plus positive
moderately (SimpliRED)
or highly sensitive DD
plus low pre-TP
Negative CUS plus positive
moderately sensitive
(SimpliRED) or highly
sensitive DD plus
moderate pre-TP
Negative CUS plus
positive highly sensitive
DD plus high pre-TP
What are the consequences Patients with
of using serial Doppler
suspected upper
US to exclude upper
extremity DVT
extremity DVT in
patients with a
positive DD?
Negative Doppler US
plus positive moderately
sensitive (SimpliRED)
or highly sensitive
DD plus low pre-TP
Negative Doppler US
plus positive moderately
sensitive (SimpliRED)
or highly sensitive
DD plus moderate
pre-TP
Negative Doppler US
plus positive highly
sensitive DD plus
high pre-TP

Informal Question

Methodology

(Continued)

FN/1,000 (eg, post-TP of
RCTs
a negative test) if
Observational studies
management study
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Venography or VTE
during additional
testing or 3-6 mo
follow-up if
intervention shows
no evidence of
DVT

Outcome

Repeat Doppler US
(within approximately
1 wk)

Comparator

Venography or VTE
FN/1,000 (eg, post-TP of
RCTs
during additional testing
a negative test) if
Observational studies
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Repeat CUS (within
approximately 1 wk)

Intervention

PICO Question

Table 1—Continued
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Population

What are the consequences Patients with
of using serial duplex
suspected upper
US to exclude upper
extremity DVT
extremity DVT in
patients with a positive
DD?
Negative duplex US plus
positive moderately
sensitive (SimpliRED)
or highly sensitive
DD plus low pre-TP
Negative duplex US plus
positive moderately
sensitive (SimpliRED)
or highly sensitive
DD plus moderate
pre-TP
Negative duplex US plus
positive highly
sensitive DD plus
high pre-TP
What are the consequences Patients with
of using a negative DD
suspected upper
to obviate the need for
extremity DVT
serial testing in patients
with suspected upper
extremity DVT and
a negative CUS and
moderate or high pre-TP
at presentation?
Negative CUS plus low
pre-TP
Negative CUS plus low
pre-TP
Negative CUS plus high
pre-TP

Informal Question

(Continued)

Venography or VTE
FN/1,000 (eg, post-TP of a RCTs
during additional testing
negative test) if
Observational studies
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Methodology

Negative highly sensitive
DD or negative
moderately sensitive
(SimpliRED) DD

Outcome

Venography or VTE
FN/1,000 (eg, post-TP of a RCTs
during additional testing
negative test) if
Observational studies
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Comparator

Repeat duplex US
(within approximately
1 wk)

Intervention

PICO Question

Table 1—Continued
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Population

What are the consequences Patients with
of using a negative DD
suspected upper
to obviate the need for
extremity DVT
serial testing in patients
with suspected upper
extremity DVT and a
negative Doppler US and
moderate or high pre-TP
at presentation?
Negative Doppler US
plus low pre-TP
Negative Doppler US
plus moderate pre-TP
Negative Doppler US
plus high pre-TP
What are the consequences Patients with
suspected upper
of using a negative DD
extremity DVT
to obviate the need for
serial testing in patients
with suspected upper
extremity DVT and a
negative duplex US
and moderate or high
pre-TP at presentation?
Negative duplex US plus
low pre-TP
Negative duplex US plus
low pre-TP
Negative duplex US plus
high pre-TP

Informal Question

Methodology

(Continued)

Venography or VTE
FN/1,000 (eg, post-TP of a RCTs
during additional testing
negative test) if
Observational studies
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Outcome

Negative highly sensitive
DD or negative
moderately sensitive
(SimpliRED) DD

Comparator

Venography or VTE
FN/1,000 (eg, post-TP of
RCTs
during additional testing
a negative test) if
Observational studies
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)

Negative sensitive
DD or negative
moderately sensitive
(SimpliRED) DD

Intervention

PICO Question

Table 1—Continued
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What are the consequences
of using CT scan
venography to exclude
upper extremity DVT?

Patients with
suspected upper
extremity DVT

What are the consequences Patients with
of using CT scan
suspected upper
venography to diagnose
extremity DVT
upper extremity DVT?

Patients with
suspected upper
extremity DVT

What are the consequences
of using a moderately
sensitive (SimpliRED)
DD as a stand-alone
test to exclude upper
extremity DVT?

Population

Patients with
suspected upper
extremity DVT

What are the consequences
of using a highly
sensitive DD as a
stand-alone test to
exclude upper
extremity DVT?

Informal Question

Comparator

Outcome

Methodology

(Continued)

Venography or VTE
FN/1,000 (eg, post-TP of a RCTs
during additional testing
negative test) if
Observational studies
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Negative moderately
Venography or VTE
FN/1,000 (eg, post-TP of a RCTs
sensitive (SimpliRED)
during additional testing
negative test) if
Observational studies
DD on day of
or 3-6 mo follow-up if
management study
Prospective cohort studies (can be single
presentation
intervention shows no Sensitivity if accuracy study
group or single arm that used diagnostic intervention
evidence of DVT
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Intraluminal filling defect
Venography
FP/1,000 of positive
RCTs
(eg, post-TP of a
Observational studies
positive test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Specificity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy)
(if insufficient data from randomized controlled
management trials or prospective management studies)
Negative CT scan
Venography or VTE
FN/1,000 (eg, post-TP
RCTs
venography
during additional
of a negative test) if
Observational studies
testing or 3-6 mo
management study
Prospective cohort studies (can be single
follow-up if
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
intervention
Morbidity caused by
specified in question)
shows no evidence
test strategy
Cross-sectional accuracy studies
of DVT
(if insufficient data from randomized controlled
management trials or prospective management studies)

Negative highly sensitive
DD on day of
presentation

Intervention

PICO Question

Table 1—Continued
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What are the consequences
of using MR direct
thrombus imaging
to diagnose upper
extremity DVT?

Patients with
suspected upper
extremity DVT

High signal intensity

Negative MR venography

What are the consequences Patients with
of using MR venography suspected upper
to exclude upper
extremity DVT
extremity DVT?

Intervention
Intraluminal filling defect

Population

What are the consequences Patients with
of using contrast MR
suspected upper
venography to diagnose
extremity DVT
upper extremity DVT?

Informal Question

Outcome

Methodology

(Continued)

FP/1,000 of positive
RCTs
(eg, post-TP of a
Observational studies
positive test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Specificity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography or VTE
FN/1,000 (eg, post-TP
RCTs
during additional
of a negative test) if
Observational studies
testing or 3-6 mo
management study
Prospective cohort studies (can be single
follow-up if intervention Sensitivity if accuracy study
group or single arm that used diagnostic intervention
shows no evidence
Morbidity caused by
specified in question)
of DVT
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography
FP/1,000 of positive
RCTs
(eg, post-TP of a
Observational studies
positive test) if
Prospective cohort studies (can be single
management study
group or single arm that used diagnostic intervention
Specificity if accuracy study
specified in question)
Morbidity caused by
Cross-sectional accuracy studies
test strategy
(if insufficient data from randomized controlled
management trials or prospective management studies)

Comparator
Venography

PICO Question

Table 1—Continued

For Pre-TP use available model and specify. Management study is one in which patient is managed (or treated) according to test results. CUS 5 compression ultrasonography; DD 5 D-dimer; FN 5 false
negative; FP 5 false positive; MR 5 magnetic resonance; RCT 5 randomized controlled trial; sensitive DD 5 D-dimer with sensitivity ⱖ 95% in general population of patients with suspected VTE; TP 5 test
probability; US 5 ultrasound.

Methodology
Outcome

FN/1,000 (eg, post-TP of
RCTs
a negative test) if
Observational studies
accuracy study
Prospective cohort studies (can be single
Sensitivity if accuracy study
group or single arm that used diagnostic intervention
Morbidity caused by
specified in question)
test strategy
Cross-sectional accuracy studies
(if insufficient data from randomized controlled
management trials or prospective management studies)
Venography or VTE
during additional
testing or 3-6 mo
follow-up if
intervention
shows no evidence
of DVT

Comparator
Intervention

Negative MR direct
thrombus imaging
Patients with
suspected upper
extremity DVT

Population
Informal Question

What are the consequences
of using MR direct
thrombus imaging
to exclude upper
extremity DVT?

PICO Question

Table 1—Continued
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We have judged diagnostic strategies acceptable if we are confident that they meet all of the following conditions: (1) management studies have established that the probability of objective
diagnosis of symptomatic VTE during 3 to 6 months of follow-up after initial classification as DVT negative is ⱕ 2%;
(2) modeling suggests a , 0.1% (one in 1,000) risk of fatal PE
(to illustrate, the calculated risk is 0.065% for routine venography
and 0.076% for routine serial proximal compression US [CUS])
and nonfatal PE of , 0.5% (five in 1,000) (to illustrate, the calculated risk is 0.31% for routine venography and 0.37% for routine serial proximal CUS); (3) modeling suggests a , 0.1% (one in
1,000) risk of fatal hemorrhage (to illustrate, the calculated risk
is 0.071% for routine venography and 0.084% for routine serial
CUS) and nonfatal intracranial hemorrhage of ⱕ 0.035%
(0.35/1,000) (to illustrate, the calculated risk is 0.025% for routine venography and 0.03% for routine serial proximal CUS);
and (4) modeling suggests a risk of death from PE or hemorrhage of , 0.17% (1.7/1,000) (to illustrate, the calculated risk
is 0.137% for routine venography and 0.159% for routine serial
proximal CUS). These thresholds are admittedly arbitrary; those
who choose different threshold may reach different conclusions.
In the accompanying evidence profiles, we have rated down the
quality of evidence if the CI around the estimate of a false-negative
result after initial diagnostic testing crosses our 2% threshold.
1.1 Implications of Values and Preferences
in the Diagnostic Process
When evaluating alternative diagnostic strategies in patients
with suspected DVT, harmful effects, cost, and patient preference
(eg, test discomfort, inconvenience, and diagnostic uncertainty)
need to be considered. Unless stated, the cost (eg, to the patient,
a third-party payer, or society) associated with different diagnostic
strategies did not influence our recommendations.
Harmful effects of a given diagnostic strategy include not only
acute (eg, renal toxicity) and long-term (eg, cancer secondary to
radiation exposure) complications but also indirect complications
associated with the incorrect diagnosis (eg, bleeding) or exclusion
(subsequent DVT and/or PE) of DVT. A systematic review of
patient preferences suggests that the disutility (unpleasantness)
associated with an episode of nonfatal VTE and major nonfatal
bleeding are similar.36 This assessment is also supported by the
results of a subsequent survey of all panelists for these guidelines
that rated values and preferences associated with different standardized clinical scenarios, including episodes of nonfatal VTE
and nonfatal major bleeding, as well as the use of different antithrombotic therapies.36 Therefore, on average, we assume that
patients attach equal value to nonfatal VTE and nonfatal major
bleeding events. However, we also took into account that values
and preferences vary markedly between individual patients and
that there is often appreciable uncertainty about the average
patient values we used.
We generally recommend against invasive diagnostic strategies
when a comparably accurate noninvasive alternative is available.
This is because invasive tests are generally associated with greater
patient discomfort, side effects (eg, reactions to contrast) and radiation exposure than noninvasive tests. However, we recommend
invasive testing over noninvasive testing if the benefits of a more
accurate diagnosis outweigh these disadvantages. Individual patient
preferences relating to test discomfort and tolerance for diagnostic uncertainty influence this decision. We also acknowledge that
access to types of diagnostic testing differs (eg, many centers do
not perform ascending venography) and that it is appropriate for
such factors to influence the choice of diagnostic testing.
In making recommendations, we have placed the burden of
proof with those who would claim a benefit with a more complex,
invasive, or expensive diagnostic strategy. In the absence of such
Diagnosis of DVT

proof (eg, the strategy has not been assessed in management
studies), we generally recommend against such strategies. When
recommendations were considered controversial by the panel
(Recommendation 3.1), the results of panel votes are presented,
along with the recommendation.

2.0 Venography: Reference
Standard for Diagnosis of DVT
Contrast venography is the criterion standard (eg,
the benchmark or best-performing test) for the diagnosis of DVT.13,37-39 In this technique, iodinated contrast is injected into a dorsal foot vein to outline the
entire deep venous system of the lower extremity.
DVT is diagnosed by the presence of a constant
intraluminal filling defect that is present in more than
one view; nonfilling of a venous segment despite
repeated injection is suspicious, but not diagnostic, of
DVT.40 Tables S2 to S4 present methods, descriptive
results, and evidence profiles for diagnostic studies
assessing venography in patients with first suspected
lower extremity DVT. Withholding anticoagulants in
patients with suspected first DVT who have a technically adequate normal venogram is associated with a
low frequency of symptomatic DVT or PE during
3 months of follow-up (1.2%; 95% CI, 0.2%-4.4%).13
This frequency of subsequent disease is the standard
against which all tests or diagnostic strategies used to
exclude DVT are typically judged.
Venography is expensive, not uniformly available,
uncomfortable for patients, and contraindicated in
patients with renal insufficiency and severe allergic
reactions to contrast medium. In 5% of patients, the
dorsal foot vein cannot be cannulated.41 Even when
venography is performed by experienced radiologists,
inadequate imaging is common; in up to 20% of venograms there is inadequate visualization of a venous
segment.13,42-46 Further, venography can be difficult
to interpret and the designation of “DVT present” or
“DVT absent” is subject to a considerable degree of
both intraobserver (k values ranging from 0.56-0.95)
and interobserver (k values ranging from 0.47-0.92)
variation.43,47-52 Adverse reactions to contrast media
include dizziness and nausea (complicating between
1% and 4% of procedures53,54), severe allergic reactions (in 0% [95% CI, 0%-2.4%]54 to 0.4% [95% CI,
0.1%-0.4%]53 of patients) and post-venography DVT
(confirmed by repeat venography in between 0%
[95% CI, 0%-13.3%]55 to 2% [95% CI, 0%-12.6%]53
of patients).
The above limitations make venography unsuitable
for routine use in patients presenting with suspected
DVT. Venography is now rarely used in clinical practice and many hospitals are unable to perform the
procedure. However, venography can serve as a reference standard and be used when other tests are
www.chestpubs.org
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unable to definitely establish or exclude the diagnosis
of DVT.

3.0 Diagnosis of Suspected First
Lower Extremity DVT
The limitations of contrast venography have led to
the development of other testing strategies for the
evaluation of patients with suspected DVT.
3.1 Alternatives to Venography for the Evaluation
of Suspected First Lower Extremity DVT
3.1.1 Pretest Probability Assessment: Although
the clinical diagnosis of DVT is nonspecific and
individual clinical features are of little value in
diagnosing DVT,56 clinical prediction or pretest
probability estimates (structured and based on specific criteria or unstructured and empirical) are able
to stratify patients into groups according to their
probability of DVT.56 Several structured scoring
systems have been developed10,31,32,56-60; the most
well studied is the Wells score.6,10,31,56 This rule
incorporates signs, symptoms, and risk factors for
VTE to categorize patients as having a low, moderate, or high probability of DVT,31 with a prevalence of DVT of 5.0% (95% CI, 4%-8%), 17% (95%
CI, 13%-23%), and 53% (95% CI, 44%-61%),
respectively.10 A modification of the Wells score
stratifies patients as being likely (prevalence of DVT,
28%; 95% CI, 24%-32%) or unlikely (prevalence of
DVT, 6%; 95% CI, 4%-8%) to have DVT.32 The
Wells score has limitations. Interobserver reliability
has not been widely evaluated, although one study
confirmed its reproducibility when used by resident
physicians.61 One study found that the model performed less well in a primary care setting.62
3.1.2 D-Dimer: D-dimer, a degradation product of
cross-linked fibrin, is typically elevated in patients
with acute DVT. However, because D-dimer levels
may also be increased in a variety of nonthrombotic
disorders (eg, malignancy, disseminated intravascular
coagulation, increasing age, infection, pregnancy,
following surgery or trauma, inflammatory conditions, atrial fibrillation, and stroke), D-dimer is a sensitive but nonspecific marker for VTE. Consequently,
although a positive result is not useful in confirming
the diagnosis of DVT, a negative result can aid in the
exclusion of this diagnosis. In hospitalized and other
acutely ill patients commonly affected by the conditions listed above, D-dimer testing has less usefulness
because of the high frequency of false-positive results.
A wide variety of D-dimer assays are available. In a
CHEST / 141 / 2 / FEBRUARY, 2012 SUPPLEMENT
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meta-analysis of 217 studies, enzyme-linked immunofluorescence assays (sensitivity 96%; 95% CI,
89%-98%), microplate enzyme-linked immunosorbent assays (ELISAs) (sensitivity 94%; 95% CI,
86%-97%), and quantitative latex or immunoturbidimetric assays (sensitivity 93%; 95% CI, 89%-95%)
were more sensitive for DVT than were the whole
blood D-dimer assay (sensitivity 83%; 95% CI,
67%-93%) and latex semiquantitative assays (sensitivity 85%; 95% CI, 68%-93%).63 Based on these data,
ELISAs and enzyme-linked immunofluorescence
assays, along with the latex immunoturbidimetric assays,
are generally termed “highly sensitive,” whereas the
whole blood D-dimer assay is considered “moderately sensitive.”10 Of these tests, the whole blood
D-dimer assay had the highest specificity (71%;
95% CI, 57%-82% vs 46% [95% CI, 31%-61%] for
enzyme-linked immunofluorescence assays; 53%
[95% CI, 38%-68%] for microplate ELISAs, and 53%
[95% CI, 46%-61%] for quantitative latex or immunoturbidimetric assays).63
3.1.3 Venous US: Venous US is the most widely
used imaging study for the diagnosis of DVT.64 Proximal CUS assesses compressibility of the femoral and
popliteal veins. The inability to fully collapse a venous
segment under gentle US probe pressure is considered diagnostic of DVT. Although distal DVT may be
present in patients with a normal proximal US, it
is seldom if ever associated with important clinical
sequelae (PE or postthrombotic syndrome). However,
as distal DVT may propagate proximally and lead to
PE, additional investigations, such as pretest probability assessment, D-dimer testing, or a second proximal CUS performed 5 to 7 days later (serial or repeat
US), are needed to exclude distal DVT or, if distal
DVT cannot be excluded, to detect early extension
into the proximal veins.22,65,66 Whole-leg US assesses
the deep veins of both the proximal leg and calf. This
technique has been studied as a means of excluding
DVT as a stand-alone test, eliminating the need for a
return visit for serial US. As whole-leg US results in
treatment of distal DVT that will not extend,67,68 it
carries the risk of overtreatment.
3.1.4 CT Scan Venography: CT scan venography
typically involves injection of contrast media into an
arm vein followed by helical CT imaging timed to
coincide with opacification of the deep veins of the
legs to allow assessment of these veins for thrombus.
It therefore shares the disadvantage with conventional contrast venography of requiring administration of IV contrast but does not require cannulation
of a foot vein (although this technique can be used).
CT scan venography can be combined with CT scan
pulmonary angiography to provide imaging for both
e384S
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suspected DVT and suspected PE. Most studies of
CT scan venography have been done this way.
3.1.5 MRI: MRI can be applied using a variety of
techniques. Some techniques visualize blood flow
without the need for contrast agents because they
rely on the intrinsic properties of flowing blood (timeof-flight or phase-contrast venography). However,
the imaging of vascular structures is often improved
by the use of contrast agents, such as in IV gadolinium. MR contrast agents can be either injected into a
vein in the foot or into the arm with imaging timed
for optimal imaging of lower limb veins. Alternatively,
MR can identify DVT by direct thrombus imaging.
This technique involves visualizing thrombus (high
signal due to red cell methemoglobin in the clot)
against a suppressed background. This technique has
the advantages of being noninvasive and not requiring
IV contrast agents. However, MRI is not routinely
accessible for this purpose in most centers.
3.2 Evaluation of Diagnostic Strategies for
Suspected First Lower Extremity DVT
Pretest probability assessment, D-dimer testing,
and venous US have been extensively investigated
and are widely used either alone or in combination in
patients with a suspected first DVT. Evaluation of
CT scan venography and MRI in this patient population has been limited to accuracy studies.
Details of management studies in patients with
suspected first DVT that used pretest probability,
D-dimer, and proximal CUS are summarized in
Table 2 and Tables S5 to S16.10,16-19,21-23,25,30-32,41,60,62,63,65,69-86
Table 2 describes the consequences of using specific
strategies in terms of the probability of VTE being
diagnosed during clinical follow-up when a given
diagnostic strategy suggests that DVT is not present.
As shown in Table 2 and Tables S5 to S16, the pretest assessment (ie, prevalence of DVT) has a significant effect on the usefulness of D-dimer and
proximal US. Categorizing patients as having a low
pretest probability for DVT eliminates the need for
(1) radiologic imaging (eg, US) in those with a negative D-dimer, and (2) serial or repeat testing in
those with a normal proximal US. Although most
patients with a positive CUS have a proximal DVT,
this is progressively less true as pretest probability
declines. In a study of 529 symptomatic patients,
the posttest probability of DVT in those with a positive CUS (as assessed by venography) was 100% in
patients with a high pretest probability, 96% in those
with a moderate pretest probability, and 63% in
patients with a low pretest probability.6
Tables 3 and 4 and Tables S17 to S23 summarize the
methodology and results of studies assessing whole-leg
Diagnosis of DVT
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Moderate

Low/moderate or
unlikely

516,18,25,81,82
Meta-analysis, 310,70,74

Highly sensitive DD negative

Highly sensitive DD positive → Single
proximal US negative
Single proximal US negative → DD
(mixed) positive → single
proximal US negative

Single proximal US negative
Single proximal US negative → DD
(mixed) negative
Serial proximal US negative

Highly sensitive DD negative

Single proximal US negative
DD (mixed) positive → single proximal
US negative
Moderately sensitive DD negative

Single proximal US negative
DD (mixed) positive → single proximal
US negative
Moderately sensitive DD negative
DD (mixed) negative
Highly sensitive DD negative

1
Meta-analysis, 310,70,74

Moderately sensitive DD negative

Low

19.4 → 0 (0-4.0)
18.8 → 0 (0-3.1)

134 → 73
426 → 94

Moderate
Moderate
Moderate

Meta-analysis85
177
116

(Continued)

15.8 (Based on 2 out of 3 studies) → 1.1
(0.4-2.5) 0.6 (0.4-0.9)

N/A → 365
Moderate

317,31,80

144 → 114
675 → 325

655 → 214

4.4
3.5 (1.4-6.9)
SimpliRED 4.9 (3.6-6.8) or Clearview
Simplify: 5.2 (4.1-6.5)
25.7 → 0.57 (0.02-2.2)
NPV: 99 (96-100); LR (negative) 0.05 (0.010.21); estimated post-test prevalence, 1
Cardiac: 1.7 (1.0-3.8) for point of care and
Triage: 4.3 (2.0-9.7)
21.5 → 0.9 (0.05-4.1)
22.4 → 0 (0-0.9)

9.6 → 1.4 (0.7-2.6)
5.0 → 0.92 (0.2-2.9)
N/A → 0.42 (0.04-1.5)
0.4 (0.04-1.1)
5.6 → 1.5 (0.5-3.3)
5 → 0 (0-3.5)

2.4 → 0.6 (0.03-2.7)
0.9
0.5 (0.07-1.1)
1.1 (0.9-1.5)
6.7 → 1.0 (0.5-1.7)
0.5
0.4 (0.04-1.1)
Cardiac: 0.4 (0.2-0.8) or Triage: 0.9
(0.9-2.2)
7.1→ 0.9 (0.5-1.6)
5 → 0 (0-1.5)

Moderate
High

Moderate
Low

Moderate

852 → 500
317 → 218
749 → 481

Moderate
Moderate
Moderate
Moderate
Moderate
Moderate

284 → 272
317 → 85

944 → 885
765 → 198

1,270 → 824

High
Moderate

High
High

206 → 177

Moderate

Quality of Evidence

Overall Prevalence in Population of Interest
→ Incidence of VTE During Follow-upb
Among Those Judged to Have DVT
Excluded by Specified Diagnostic Strategy
(ie, Post-TPof Disease), % (95% CI)

178
216,32

318,25,77
Meta-analysis, 210,70

Meta-analysis, 310,70,74

160
132
121
Meta-analysis, 174
132
132

417,30,31,78
216,32

79

No. of Studiesa

Diagnostic Strategy Used to Exclude DVT

Pre-TP

Number of Patients Subjected
to Given Diagnostic Strategy →
Number Considered Negative
for DVT at Completion
of Testing

Table 2—[Sections 3.1-3.5] Summary of Outcomes for Diagnostic Studies Assessing DD, Pre-TP, and Proximal US for the Diagnosis of Suspected First Lower Extremity DVT
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Meta-analysis, 310,70,74

Highly sensitive DD negative

Highly sensitive DD negative → single
proximal US negative
Serial proximal US negative
Single proximal US negative → highly
sensitive DD positive → single proximal
US negative
Single proximal US negative → venogram
negative

Meta-analysis, 210,74

High

Moderate
Low

Low

317,23,31

Low

418,78,80,81
125

218,25

Moderate

Moderate

36.4 → 0.9 (0.2-2.8)
59.5 → 2.8 (0.1-12.5)
78.0 → 0 (0-6.7)

350 → 59
291 → 221
279 → 36
168 → 43

(Continued)

19
21.4 (8.5-37.9)
NPV: 92 (81-97)
6.4 (1.7-14.5)
Cardiac: 6.5 (3.8-13.7) or Triage: 15.3
(7.4-30.1)
53.4 → 1.7 (0-7.8)

58.9 → 3.6 (1.0-9.1)

531→ 83

Moderate not to
use, low to use

130

27.1 → 1.1 (0.2-3.4)
28.5 → 0 (0-3.0)

246 → 181
249 → 97

Moderate
Moderate

132
132

49.5 → 0 (0-3.6)

Moderate

132

249 → 81

Overall Prevalence in Population of Interest
→ Incidence of VTE During Follow-upb
Among Those Judged to Have DVT
Excluded by Specified Diagnostic Strategy
(ie, Post-TPof Disease), % (95% CI)
58.8 → 0 (0-2.0)

Number of Patients Subjected
to Given Diagnostic Strategy →
Number Considered Negative
for DVT at Completion
of Testing
531→ 148

Moderate

1

Single proximal US negative →
moderately sensitive DD negative
Single proximal US negative → DD
(mixed) negative
Serial proximal US negative
Single proximal US negative → DD (mixed)
positive → single proximal US negative
Single proximal US negative → moderately
sensitive DD positive → single proximal
US negative
Moderately sensitive DD negative

Moderate/high or
likely

Quality of Evidence

30

No. of Studiesa

Diagnostic Strategy Used to Exclude DVT

Pre-TP

Table 2—Continued
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180

28.3 → 2.4 (0.4-7.4)
34.5 → 2.2 (1.3-3.7)
31.6 → 2.3 (1.3-3.5)
13.2 → 3.5 (0.6-10.5)

1,045 → 828
946 → 83
1,065 → 494
2,011 → 577
470 → 58

Moderate

Moderate

119

176

218,25

180

Low

23.3 → 1.1 (0.6-1.9)

1,739 →520

20.9 → 1.0 (0.7-1.5)
0.6 (0.4-0.9)
24.4 → 2.1 (1.2-3.5)

2,662 → 2,071

High
Moderate
Moderate

2,209 → 1,137
686 → 598

341,65,80
Meta-analysis, 186
122

22.1 → 0.8 (0.4-1.4)
39.1 → 0.2 (0.2-0.8)

1739 → 828

High

24.4 → 0.7 (0.3-1.4)

470 → 309

High

176

13.2 → 1.0 (0.3-2.5)

474 → 343

Moderate

Overall Prevalence in Population of Interest
→ Incidence of VTE During Follow-upb
Among Those Judged to Have DVT
Excluded by Specified Diagnostic Strategy
(ie, Post-TPof Disease), % (95% CI)
Highest sensitivity: 97
Sensitivity: 97.7 (96.1-99.0) and specificity:
45.7 (28.0-66.6)
Sensitivity: 93-96
Sensitivity: up to 94
Highest sensitivity: 96 (91-100)
Sensitivity: 93-96
Sensitivity: up to 94
Highest sensitivity: 96 (91-100)
25.3 → 2.6 (1.4-4.5)

Moderate

Quality of Evidence

Number of Patients Subjected
to Given Diagnostic Strategy →
Number Considered Negative
for DVT at Completion
of Testing

Consequences in terms of presenting with VTE during clinical follow-up when specified strategies are used to rule out suspected first lower extremity DVT. LR 5 likelihood ratio; N/A 5 not available;
NPV 5 negative predictive value. See Table 1 legend for expansion of other abbreviations.
aMeta-analyses and management studies are reported separately. All meta-analyses include both management and accuracy studies. Results of meta-analyses are reported separately for each meta-analysis.
Where feasible, results of management studies are pooled.
bDuration of follow-up usually 3 mo; occasionally 6 mo.

Single proximal US and moderately s
ensitive DD positive → single proximal
US negative
Single proximal US and moderately s
ensitive DD, if negative stop; if positive
→ single proximal US
Single proximal US negative → highly
sensitive DD positive → single proximal
US negative
Highly sensitive DD positive → serial
proximal US negative
Combined (3 above)
Single proximal US negative → moderately
sensitive DD positive → venogram negative

123

Single proximal US negative, except if
high pre-TP then venography
Single proximal US negative → moderately
sensitive DD –
Single proximal US and moderately sensitive
DD negative
Combined
Single proximal US negative→ sensitive
DD negative
Serial proximal US
122

Meta-analysis,
563,70-72,74

Highly sensitive DD negative

Not specified

No. of Studiesa

Diagnostic Strategy Used to Exclude DVT

Pre-TP

Table 2—Continued

US for the diagnosis of first DVT.14,19-21,24,26-29,64,87-123
Although whole-leg US generates a larger number of
false-negative results than venography for the diagnosis of isolated calf vein thrombosis, almost all positive results will be true positives. Pooling data from
34 studies comparing US with venography for calfvein DVT in symptomatic patients yielded a specificity of 96.0% (95% CI, 95.2%-96.8%).87-122 Eight
management studies have assessed the safety of
withholding anticoagulants based a negative wholeleg US.19-21,24,26-29 The results of seven of these studies
were pooled in a recent meta-analysis123 that found
that the 3-month rate of VTE after a single negative
whole-leg US was 0.57% (95% CI, 0.25%-0.89%)
(Table 3, Table S19).
Individual patient data from two studies were
combined in order to ascertain the incidence rate of
VTE following a negative whole-leg US in patients
with varying pretest probabilities for DVT based
on the three-category Wells score27,28,123 (Table S22).
The 3-month incidence of VTE was 0.3% (95% CI,
0%-0.7%) for low, 0.8% (0%-1.8%) for moderate,
and 2.5% (0%-7.11%) for patients with high pretest
probability.
In an RCT not included in the meta-analysis,
patients with either an abnormal sensitive D-dimer
or a score corresponding to “DVT likely” using the
Wells two-level prediction rule were randomized
to either serial proximal CUS or whole-leg US
(Table 3, Table S23). The 3-month rate of VTE
was 2.0% (95% CI, 0.6%-5.1%) in the group with
negative serial proximal US (n 5 198) and 1.2%
(95% CI, 0.2%-4.3%) in the negative whole-leg US
group (n 5 165), (absolute difference in frequency
of VTE during follow-up: 0.8%; 95% CI, 21.8 to
3.4).21
A subsequent management study of 431 patients
explored the net effect of using whole-leg US vs serial
proximal US (Tables 4, 5).124 Patients with no proximal

DVT and either an abnormal sensitive D-dimer or a
score corresponding to “DVT likely” using the Wells
two-level prediction rule were managed with serial
proximal US. Whole-leg US was also performed, but
results were blinded and not used for management.
Sixty-five patients (15.3%; 95% CI, 12.0%-18.8%)
were found to have DVT isolated to the calf. Of
the 64 who completed follow-up, two patients with
isolated calf DVT experienced extension into the
proximal system, which was detected on serial proximal US.
Tables S24 to S26 present the results of our modeling and decision analysis. In all tables, the denominator is 1,000 patients managed according to each
diagnostic strategy; Table S24 presents the number
of expected clinical events, and Table S25 presents
the incremental number of events compared with
a strategy of serial proximal US. Table S26 contains
the number of tests performed with each strategy
and the incremental number of tests compared with
a serial proximal US strategy. The latter was used for
comparative purposes as it is one of the strategies
least likely to produce false-negative results.
Although a whole-leg US strategy reduces the number of US sessions compared with serial proximal
US, routine anticoagulation of patients with isolated
calf DVT will result in a larger number receiving
treatment and an increase in bleeding complications.
As only a relatively small portion of isolated calf
DVT would propagate or embolize without treatment, some patients undergoing whole-leg US will
receive anticoagulation for a disease with a benign
prognosis if left untreated (Kearon et al).11 The
absence of a clear safety advantage for the whole-leg
US strategy is demonstrated in Table S24, wherein
the point estimate for the risk of fatal PE with a serial
proximal US strategy is no higher than one involving
whole-leg US. Guidelines for determining which
patients are likely to most benefit from anticoagulant

Table 3—[Sections 3.2-3.5] Summary of Findings for Diagnostic Studies Evaluating Whole-Leg US in First Suspected
Lower Extremity DVT: Prospective Cohort Management Studies
Diagnostic Strategy Used to
Exclude DVT
Single negative whole-leg
US

No. of Participants
(Studies)a
4,731 (7)72,114-119

Outcome
VTE during clinical
follow-up (3 mo)

Incidence of VTE During Follow-up in
Those Judged to Have DVT Excluded
(ie, Post-TP of DVT), % (95% CI)

Quality of Evidence

0.57 (0.25-0.89)

Moderateb

Consequences in terms of presenting with VTE during clinical follow-up when a single whole-leg US is used to rule out suspected first lower
extremity DVT. GRADE Working Group grades of evidence: High quality: Further research is very unlikely to change our confidence in the
estimate of effect. Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may
change the estimate. Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely
to change the estimate. GRADE 5 Grades of Recommendation, Assessment, Development, and Evaluation; See Table 1 legend for expansion of
other abbreviations.
aIncludes six management studies and one arm from an RCT.
bPooled management studies are of high methodologic quality and results are highly concordant. Moderate quality due to only one RCT among the
analyzed studies.
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Table 4—[Sections 3.2-3.5] Summary of Findings for Diagnostic Studies Evaluating Whole-Leg US in First Suspected
Lower Extremity DVT: Randomized Trial (Single Whole-Leg US vs Serial Proximal US and DD)19
Illustrative Comparative
Risks (95% CI)

Outcomes
VTE follow-up:
mean, 3 mo

Assumed Risk,
Proximal US
and DD

Corresponding
Risk, Single
Whole-Leg US

Relative Effect
(95% CI)

No. of
Participants
(Studies)

Quality of the
Evidence
(GRADE)

9 per 1,000

12 per 1,000 (0-16)

1.3 (0-1.8)

1,564 (1)

High

a

Comments
Whole-leg US and the
serial US/DD arms
met predefined criteria
for equivalence

Single whole-leg US compared with serial proximal US and DD for patients with suspected DVT.19 Patient or population: Patients with suspected
DVT. Intervention: Single whole-leg US. Comparison: Serial proximal US (if moderately sensitive DD positive) or single proximal US (if moderately
sensitive DD negative). GRADE Working Group grades of evidence: High quality: Further research is very unlikely to change our confidence in
the estimate of effect. Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may
change the estimate. Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely
to change the estimate. See Table 1 and 3 legends for expansion of abbreviations.
aTrial was RCT without significant methodologic limitations.

therapy when isolated distal DVT is detected by
whole-leg US (vs. surveillance to rule detect extension) are found in the article by Kearon et al11 in this
supplement.
Strategies involving CT scan venography and
MRI were not included in the decision analysis. The
methodology of a meta-analysis of CT scan diagnostic accuracy,125 along with individual accuracy
studies,126-143 is summarized in Table S27 (Recommendations 3.2-3.6). Most of the studies were of
patients with suspected PE rather than suspected
DVT. Only one compared CT scan venography with
contrast venography;143 the remainder compared
CT scan venography to US.126-142 The results of the
meta-analysis125 and five primary studies that were
not included in the meta-analysis (mostly because they
were subsequently published)126-129,133 are described
in Tables S28 and S29, with the Summary of Findings in Table 6.144-146

All the studies reported results as sensitivity and
specificity, rather than the frequency of VTE during
follow-up in patients who had normal test results.
The meta-analysis reported summary estimates of
sensitivity and specificity despite evidence of heterogeneity between the individual studies.125 Causes of
heterogeneity were not formally explored. In the
meta-analysis, the summary estimate of sensitivity
was 95.2% (95% CI, 93.6%-96.5%), whereas the
range in individual studies was from 93% to 100%.
The summary estimate of specificity was 95.9% (95%
CI, 93.0%-97.8%), whereas the range in individual
studies was from 71% to 100%. Sensitivity was lower
in the five studies not included in the meta-analysis.
Across all studies, the range for sensitivity was 59% to
100%, whereas the range for specificity remains 71%
to 100%.
The quality of the evidence for CT scan venography is low (Table 6, Tables S27, S28, and S30)

Table 5—[Section 3.2-3.5] Summary of Findings for Diagnostic Studies Evaluating Whole-Leg US in First Suspected
Lower Extremity DVT: Randomized Trial (Single Whole-Leg US vs Serial Proximal US and DD in High-Risk Patients)21
Illustrative Comparative Risks (95% CI)
Outcomes
VTE follow-up:
mean, 3 mo

Assumed Risk,
Serial Proximal US
20 per 1,000 (6-51)

Corresponding Risk, Single
Whole-Leg US
12 per 1,000 (2-43)

Relative
Effect

No. of
Participants
(Studies)

Quality of the
Evidence
(GRADE)

0.6

521 (1)

Higha

Comments
Reported P 5 .69 for
difference in VTE events
between strategies.
Absolute difference, 0.8%
(95% CI, 21.8 to 23.4)

Single whole-leg US compared with serial proximal US and DD for high-risk patients with suspected DVT.21 Patient or population: High-risk
patients with suspected DVT. Settings: Symptomatic patients with likely Wells score or positive highly sensitive DD (Tina-quant). Intervention:
Single whole-leg CUS. Comparison: Serial proximal CUS. GRADE Working Group grades of evidence: High quality: Further research is very
unlikely to change our confidence in the estimate of effect. Moderate quality: Further research is likely to have an important impact on our
confidence in the estimate of effect and may change the estimate. Low quality: Further research is very likely to have an important impact on our
confidence in the estimate of effect and is likely to change the estimate. See Table 1 and 3 legends for expansion of abbreviations.
aTrial was RCT without significant methodologic limitations.
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b

Number of Studies

Prevalence 5%, 874
Prevalence 17%, 764
Prevalence 53%, 432

Prevalence 17%, 787
Prevalence 53%, 446

Prevalence 17%, 158
Prevalence 53%, 486

Lowe

Prevalence 5%, 47
Prevalence 17%, 160
Prevalence 53%, 498

Prevalence 17%, 790
Prevalence 53%, 447
Prevalence 5%, 901

Prevalence 17%, 163
Prevalence 53%, 508
Prevalence 5%, 46

Lowg

Prevalence 5%, 904

True Negatives
(Correctly Classified as
Not Having DVT)

Prevalence 5%, 48

True Positives (Correctly
Classified as Having DVT)

Lowc

Quality of
Evidence

Prevalence 5%, 76
Prevalence 17%, 66
Prevalence 53%, 38

Prevalence 17%, 43
Prevalence 53%, 24

Prevalence 17%, 40
Prevalence 53%, 23
Prevalence 5%, 49

Prevalence 5%, 46

False Positives
(Incorrectly Classified
as Having DVT)

Prevalence 5%, 3
Prevalence 17%, 10
Prevalence 53%, 32

Prevalence 17%, 14
Prevalence 53%, 45

Prevalence 17%, 7
Prevalence 53%, 22
Prevalence 5%, 4

Prevalence 5%, 2

False Negatives
(Incorrectly Classified
as Not Having DVT)

GRADE Working Group grades of evidence: High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality: Further research is likely to have an
important impact on our confidence in the estimate of effect and may change the estimate. Low quality: Further research is very likely to have an important impact on our confidence in the estimate of
effect and is likely to change the estimate. PE 5 pulmonary embolism. See Table 1 and 3 legends for expansion of other abbreviation.
aPrevalences for high (53%), moderate (17%), and low (5%) taken from Wells et al.10
bBased on a combined specificity of 95.2% (95% CI, 93.6%-96.5%) and sensitivity of 95.9% (95% CI, 93.0%-97.8%).
cSerious limitations (in adequate reference standard), moderate inconsistency (significant heterogeneity between studies), serious indirectness (most studies were in suspected PE, few in suspected DVT;
no management studies), and moderate imprecision (reported specificities range from 93%-100%; reported sensitivities range from 59%-100%).
dBased on a combined specificity of 94.8% (95% CI, 92.6%-96.5%) and sensitivity of 91.5% (95% CI, 87.5%-94.5%).
eNo major limitations, moderate inconsistency (significant heterogeneity between studies), moderate indirectness (no management studies), and serious imprecision (reported specificities range from 43%100%, reported sensitivities range from 0-100%).
fBased on a specificity of 92% (95% CI, 80%-98%) and sensitivity of 94.9% (95% CI, 84%-97%).
gNo significant limitations, only single study, and moderate indirectness (management studies).

CT scan venography

Population: predominantly
Meta-analysis of 13 plus 5
suspected PE
additional primary
Reference standard:
studies125-129,133
predominantly US
MR venographyd
Population: predominantly
Meta-analysis of 13 plus 1
suspected DVT
additional primary
studie144,145
Reference standard:
predominantly contrast
venography
MR direct thrombus Population: suspected DVT 1 Primary study146
imagingf
Reference standard: contrast
venography

Technique

Population and Reference
Standard

Illustrative Comparative Numbers: Effect/1,000a

Table 6—[Sections 3.2-3.6] Summary of Findings of Diagnostic Studies Evaluating CT Scan Venography, MR Venography, and MR Direct Thrombus Imaging in
Patients with Suspected First Lower Extremity DVT: Accuracy Studies

because studies generally used an inadequate reference standard, there was marked unexplained heterogeneity between studies, most studies were in
patients with suspected PE rather than DVT, and
there are no management studies to determine the
consequences of using CT scan venography in practice. In summary, there is currently insufficient
evidence to draw reliable conclusions about the consequences of using CT scan venography to diagnose
or exclude suspected first lower extremity DVT.
Tables S31 and S32 summarize the methodology of
a meta-analysis of 14 studies144 and individual accuracy studies145-159 of MR diagnostic accuracy. Most of
the studies in the meta-analysis were of MR venography (n 5 13), but one study evaluated MR direct
thrombus imaging.146 The meta-analysis included all
but one of the accuracy studies of MR venography.145
The results of the meta-analysis and the additional
primary study are described in Tables S33 and S34,
with the Summary of Findings in Table 6. All the
studies reported results as sensitivity and specificity
rather than rates for VTE during follow-up in patients
with negative test results.
The meta-analysis reported summary estimates of
sensitivity and specificity despite evidence of heterogeneity between the individual studies.144 The causes
of heterogeneity were not formally explored. It also
included the study of MR direct thrombus imaging.146
In the meta-analysis, the summary estimate of sensitivity was 91.5% (95% CI, 87.5-94.5), whereas the
range in individual studies was from 0% to 100%.
The summary estimate of specificity was 94.8% (95%
CI, 92.6%-96.5%), whereas the range in individual
studies was from 43% to 100%. The additional study
reported a sensitivity of 100% and a specificity of
78%.145
As outlined in Table 6 and Tables S31 and S32
the quality of the evidence for MR venography is
low. There was marked unexplained heterogeneity
between studies and there were no management
studies to determine the consequences of using MR
venography in practice. In summary, MR venography may have similar diagnostic accuracy to US for
patients with suspected DVT. However, as the evidence consists of diagnostic accuracy studies, the
consequences of basing treatment decisions on the
results of MR venography are not clear.
The methodology and results of the single study
examining the accuracy of MR direct thrombus imaging146 are described in Tables S35 to S37 and Table 6
(Summary of Findings, Recommendations 3.2-3.6).
The study evaluated diagnostic accuracy compared
with a reference standard of contrast venography
in patients with suspected DVT. Sensitivity was
94% (95% CI, 84%-97%), and specificity was 92%
(95% CI, 80%-98%). As outlined in Tables S35 and
www.chestpubs.org
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S37 and Table 6, the evidence is of low quality, with
only an accuracy study and no management studies
to determine the consequences of using MR direct
thrombus imaging in practice. In summary, MR direct
thrombus imaging may have similar diagnostic accuracy to US for patients with suspected DVT, but the
consequences of basing treatment decisions on the
results of MR direct thrombus imaging are not clear.
As outlined above, patients who have had DVT
excluded by diagnostic testing still have a small possibility of having thrombosis that could progress.
Therefore, once testing has ruled out DVT, we recommend clinical follow-up, by which we mean that
patients are aware of the need for further assessment
if symptoms worsen or fail to resolve or if they
develop symptoms suggestive of PE and there is a
means to see and investigate patients promptly. It is
also anticipated that patients with marked symptoms
who have had DVT excluded will undergo assessment
to identify an alternative diagnosis.
Recommendations (see Figs 1-5)
One approach to the evaluation of suspected first
DVT is to begin by applying a pretest probability
assessment to estimate the probability of DVT based
on history and physical examination. We offer sets of
recommendations both with and without their use.
3.1. In patients with a suspected first lower
extremity DVT, we suggest that the choice of
diagnostic tests process should be guided by the
clinical assessment of pretest probability, rather
than by performing the same diagnostic tests in
all patients (Grade 2B).
Note: In considering this recommendation, five panelists voted for a strong recommendation and four
voted for a weak recommendation (one declined
to vote and two did not participate). According
to predetermined criteria, this resulted in weak
recommendation.
Testing Using Risk Stratification
3.2. In patients with a low pretest probability
of first lower extremity DVT (see Fig 1), we recommend one of the following initial tests: (i)
a moderately sensitive D-dimer, (ii) a highly
sensitive d-dimer, or (iii) CUS of the proximal
veins rather than (i) no diagnostic testing
(Grade 1B for all comparisons), (ii) venography
(Grade 1B for all comparisons), or (iii) whole-leg
US (Grade 2B for all comparisons). We suggest
initial use of a moderately sensitive (Grade 2C)
or highly sensitive (Grade 2B) D-dimer rather
than proximal CUS.
CHEST / 141 / 2 / FEBRUARY, 2012 SUPPLEMENT
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Figure 1. [Section 3.2] Recommendations for evaluation of suspected first lower extremity DVT:
patients with low pretest probability (PTP) for DVT. Where there are preferred strategies, these are indicated
by boldface print; less preferred strategies are indicated by italicizing/shading. Venography is not generally indicated in the figure, as it is not routinely used. §See Kearon et al.11 £Beginning with moderately sensitive D-dimer (Grade 2C) or highly sensitive D-dimer (Grade 2B) is suggested over beginning
with US. aGrade 1B vs no testing and vs venography; Grade 2B vs whole-leg US. bGrade 1B vs further
testing. cGrade 1B vs venography; Grade 2C vs whole-leg US. dGrade 2C for treating DVT vs confirmatory venography. eGrade 2B for high/moderate sensitivity D-dimer or proximal US over whole-leg US.
fGrade 2C for proximal US over whole-leg US. PTP 5 pretest probability; US 5 ultrasound.

Remarks: The choice between a moderately sensitive
D-dimer test, a highly sensitive D-dimer test, or proximal CUS as the initial test will depend on local availability, access to testing, costs of testing, and the
probability of obtaining a negative D-dimer result if
DVT is not present. Initial testing with US would be
preferred if the patient has a comorbid condition
associated with elevated D-dimer levels and is likely
to have a positive D-dimer result, even if DVT is
absent. In patients with suspected first lower extremity
DVT in whom US is impractical (eg, when leg casting
or excessive subcutaneous tissue or fluid prevent
adequate assessment of compressibility) or nondiagnostic we suggest CT scan venography, MR venography, or MR direct thrombus imaging could be used
as an alternative to venography.
If the D-dimer is negative (see Fig 1), we recommend no further testing over further investigation with (i) proximal CUS, (ii) whole-leg US,
or (iii) venography (Grade 1B for all comparisons).
If the proximal CUS is negative, we recommend
no further testing compared with (i) repeat
proximal CUS after 1 week, (ii) whole-leg US, or
(iii) venography (Grade 1B for all comparisons).
If the D-dimer is positive (see Fig 1), we suggest
further testing with CUS of the proximal veins
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rather than (i) whole-leg US (Grade 2C) or (ii)
venography (Grade 1B). If CUS of the proximal
veins is positive, we suggest treating for DVT
and performing no further testing over performing confirmatory venography (Grade 2C).
Remarks: In circumstances when high-quality venography is available, patients who are not averse to the
discomfort of venography, are less concerned about
the complications of venography, and place a high
value on avoiding treatment of false-positive results
are likely to choose confirmatory venography if findings for DVT are less certain (eg, a short segment of
venous noncompressibility).
3.3. In patients with a moderate pretest probability of first lower extremity DVT (see Fig 2),
we recommend one of the following initial tests:
(i) a highly sensitive D-dimer, or (ii) proximal
CUS, or (iii) whole-leg US, rather than (i) no
testing (Grade 1B for all comparisons) or (ii)
venography (Grade 1B for all comparisons). We
suggest initial use of a highly sensitive D-dimer
rather than US (Grade 2C).
Remarks: The choice between a highly sensitive
D-dimer test or US as the initial test will depend on
local availability, access to testing, costs of testing,
Diagnosis of DVT

Figure 2. [Section 3.3] Recommendations for evaluation of suspected first lower extremity DVT: patients with moderate pretest probability (PTP) for DVT. Where there are preferred strategies, these are indicated by boldface print; less preferred strategies are indicated by
italicizing/shading. Venography is not generally indicated in the figure, as it is not routinely used. §See Kearon et al.11 £Beginning with
highly sensitive D-dimer is suggested over beginning with US (Grade 2C). aGrade 1B vs no testing and vs venography. bGrade 1B vs further
testing. cGrade 1C vs no further testing; Grade 2B vs venography. dGrade 1B vs no further testing; Grade 2B vs venography. eGrade 1B for
treating DVT vs confirmatory venography. See Figure 1 legend for expansion of abbreviation.

and the probability of obtaining a negative D-dimer
result if DVT is not present. Initial testing with US
may be preferred if the patient has a comorbid condition associated with elevated D-dimer levels and is
likely to have a positive D-dimer result even if DVT
is absent. Whole-leg US may be preferred in patients
unable to return for serial testing and those with
severe symptoms consistent with calf DVT. In patients
with suspected first lower extremity DVT in whom US
is impractical (eg, when leg casting or excessive subcutaneous tissue or fluid prevent adequate assessment
of compressibility) or nondiagnostic we suggest CT scan
venography, MR venography, or MR direct thrombus
imaging could be used as an alternative to venography.
If the highly sensitive D-dimer is negative (see
Fig 2), we recommend no further testing over
further investigation with (i) proximal CUS, (ii)
whole-leg US, or (iii) venography (Grade 1B for
all comparisons). If the highly sensitive D-dimer
is positive, we recommend proximal CUS or
whole-leg US rather than no testing (Grade 1B
www.chestpubs.org
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for all comparisons) or venography (Grade 1B for
all comparisons).
If proximal CUS is chosen as the initial test and
is negative (see Fig 2), we recommend (i) repeat
proximal CUS in 1 week or (ii) testing with a
moderate or highly sensitive D-dimer assay over
no further testing (Grade 1C) or venography
(Grade 2B). In patients with a negative proximal
CUS but a positive D-dimer, we recommend
repeat proximal CUS in 1 week over no further
testing (Grade 1B) or venography (Grade 2B).
In patients with (i) negative serial proximal CUS
or (ii) a negative single proximal CUS and negative moderate or highly sensitive D-dimer (see
Fig 2), we recommend no further testing rather
than further testing with (i) whole-leg US or (ii)
venography (Grade 1B for all comparisons).
If whole-leg US is negative (see Fig 2), we recommend no further testing over (i) repeat US in
1 week, (ii) D-dimer testing, or (iii) venography
CHEST / 141 / 2 / FEBRUARY, 2012 SUPPLEMENT
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(Grade 1B for all comparisons). If proximal CUS is
positive, we recommend treating for DVT rather
than confirmatory venography (Grade 1B). If isolated distal DVT is detected on whole-leg US,
we suggest serial testing to rule out proximal
extension over treatment (Grade 2C).
Remarks: Patients with abnormal isolated distal US
findings on whole-leg US who place a high value on
avoiding the inconvenience of repeat testing and a
low value on avoiding treatment of false-positive
results are likely to choose treatment over repeat US.
Patients with severe symptoms and risk factors for
extension as outlined in Kearon et al11 are more likely
to benefit from treatment over repeat US.
3.4. In patients with a high pretest probability
of first lower extremity DVT (see Fig 3), we
recommend either (i) proximal CUS or (ii)
whole-leg US over no testing (Grade 1B for all
comparisons) or venography (Grade 1B for all
comparisons).
Remarks: Whole-leg US may be preferred to proximal CUS in patients unable to return for serial testing
and those with severe symptoms consistent with calf
DVT. In patients with extensive unexplained leg

swelling, if there is no DVT on proximal CUS or
whole-leg US and D-dimer testing has not been performed or is positive, the iliac veins should be imaged
to exclude isolated iliac DVT. In patients with suspected
first lower extremity DVT in whom US is impractical
(eg, when leg casting or excessive subcutaneous tissue
or fluid prevent adequate assessment of compressibility) or nondiagnostic, we suggest CT scan venography, MR venography, or MR direct thrombus
imaging could be used as an alternative to venography.
If proximal CUS or whole-leg US is positive for
DVT (see Fig 3), we recommend treatment
rather than confirmatory venography (Grade
1B).
In patients with a negative proximal CUS (see
Fig 3), we recommend additional testing with a
highly sensitive D-dimer or whole-leg US or
repeat proximal CUS in 1 week over no further
testing (Grade 1B for all comparisons) or venography (Grade 2B for all comparisons). We recommend that patients with a single negative
proximal CUS and positive D-dimer undergo
whole-leg US or repeat proximal CUS in 1 week
over no further testing (Grade 1B) or venography
(Grade 2B). In patients with negative serial

Figure 3. [Section 3.4] Recommendations for evaluation of suspected first lower extremity DVT:
patients with high pretest probability (PTP) for DVT. Where there are preferred strategies, these are
indicated by boldface print; less preferred strategies are indicated by italicizing/shading. Venography is
not generally indicated in the figure, as it is not routinely used. aGrade 1B vs no testing and vs venography.
bGrade 1B for treating DVT vs confi rmatory venography. cGrade 1B vs no further testing; Grade 2B
vs venography. dGrade 1B vs further testing. eGrade 2B for repeat proximal US, highly sensitive D-dimer
or whole-leg US over venography. fGrade 2B for repeat proximal US over venography. gGrade 2B for no
further testing over venography if whole-leg US is negative (see also Figure 5). See Figure 1 legend for
expansion of abbreviation.
e394S

Downloaded From: http://journal.publications.chestnet.org/ on 06/15/2013

Diagnosis of DVT

proximal CUS, a negative single proximal CUS
and negative highly sensitive D-dimer, or a
negative whole-leg US, we recommend no further testing over venography or additional US
(Grade 1B for negative serial proximal CUS and for
negative single proximal CUS and highly sensitive
D-dimer; Grade 2B for negative whole-leg US).

patients with suspected first lower extremity DVT in
whom US is impractical (eg, when leg casting or
excessive subcutaneous tissue or fluid prevent adequate
assessment of compressibility) or nondiagnostic, we
suggest that CT scan venography, MR venography, or
MR direct thrombus imaging could be used as an
alternative to venography.

We recommend that in patients with high pretest probability (see Fig 3), moderately or highly
sensitive D-dimer assays should not be used as
stand-alone tests to rule out DVT (Grade 1B).

We recommend that patients with a negative
proximal CUS (see Fig 4) undergo testing with a
moderate or high sensitivity D-dimer, whole-leg
US, or repeat proximal CUS in 1 week over no
further testing (Grade 1B) or venography (Grade
2B). In patients with a negative proximal CUS,
we suggest D-dimer rather than routine serial
CUS (Grade 2B) or whole-leg US (Grade 2C). We
recommend that patients with a single negative
proximal CUS and positive D-dimer undergo
further testing with repeat proximal CUS in
1 week or whole-leg US rather than no further
testing (Grade 1B for both comparisons).

3.5. If risk stratification is not performed in
patients with suspected first lower extremity
DVT (see Fig 4), we recommend one of the
following initial tests: (i) proximal CUS or (ii)
whole-leg US, rather than (i) no testing (Grade
1B), (ii) venography (Grade 1B), or D-dimer
testing (Grade 2B).
Remarks: Whole-leg US may be preferred to proximal CUS in patients unable to return for serial testing
and those with severe symptoms consistent with calf
DVT or risk factors for extension of distal DVT. In

We recommend that in patients with (i) negative serial proximal CUS, (ii) a negative D-dimer
following a negative initial proximal CUS, or

Figure 4. [Section 3.5] Recommendations for evaluation of suspected first lower extremity DVT: risk
stratification not performed. Where there are preferred strategies, these are indicated by boldface print;
less preferred strategies are indicated by italicizing/shading. §See Kearon et al.11 £Use of D-dimer is suggested over use of repeat proximal US (Grade 2B) or whole-leg US (Grade 2C). aGrade 1B vs no testing
and vs venography; Grade 2B vs D-dimer. bGrade 1B vs no further testing; Grade 2B vs venography.
cGrade 1B vs no further testing. dGrade 1B vs venography. eGrade 2B for proximal US or whole-leg US
over D-dimer. fGrade 2B for repeat proximal US, moderate or highly sensitive D-dimer, or whole-leg US
over venography. dGrade 1B for treating DVT vs confirmatory venography. See Figure 1 legend for
expansion of abbreviation.
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(iii) negative whole-leg US (see Figs 4 and 5),
no further testing be performed rather than
venography (Grade 1B).
If proximal US is positive for DVT (see Fig 4),
we recommend treatment rather than confirmatory venography (Grade 1B). If isolated distal DVT is detected on whole-leg US, (see Fig 5)
we suggest serial testing to rule out proximal
extension over treatment (Grade 2C).
Remarks: Patients with abnormal isolated distal US
findings on whole-leg US who place a high value on
avoiding the inconvenience of repeat testing and a
low value on avoiding treatment of false-positive
results are likely to choose treatment over repeat US.
Patients with severe symptoms and risk factors for
extension as outlined in Kearon et al11 are more likely
to benefit from treatment over repeat US.
3.6. In patients with suspected first lower
extremity DVT, we recommend against the routine use of CT venography or MRI (Grade 1C).
4.0 Diagnosis of Suspected Recurrent
Lower Extremity DVT
Recurrent leg pain is common in patients after an
episode of DVT and can be caused by recurrent

disease, acute exacerbation of postthrombotic syndrome, or nonthrombotic problems. Accurate diagnosis
of recurrence is important because the consequences
of misdiagnosis are great. Incorrectly concluding
that recurrent DVT is present commits the patient to
prolonged (perhaps lifelong) anticoagulation, with its
attendant costs, inconvenience, and bleeding risks.
However, incorrectly concluding that recurrent DVT
is absent places the patient at high risk of potentially
fatal PE.
Unfortunately, few well-designed studies have
been performed evaluating diagnostic strategies for
suspected recurrent disease. Tables S38 and S39
summarize the methodology of diagnostic studies in
patients with suspected recurrent DVT, and Table
S40 provides a description of the study results. Tables
S41 to S47 present the evidence profiles for the various diagnostic strategies that have been evaluated
and are included in Recommendations 4.1 to 4.3.
Tables 7 and 8 summarize the quality of evidence and
frequency of potential clinical outcomes for the various diagnostic strategies.160-168
4.1 Venography
Although contrast venography is the reference
standard in patients with an initial episode of suspected DVT,13,40 it can be of limited value in patients
with previous disease. Although, intuitively, a normal
venogram would exclude recurrent thrombosis, no
empirical investigation has established this is the
case. Although one might consider the presence of an
intraluminal-filling defect diagnostic of acute DVT, it
may be due to residual disease (scarring). Finally, as
many as one-third of patients with suspected recurrence have a venogram that is considered inadequate
because of nonfilling of venous segments.169 In addition, as discussed in Section 2.0, venography is expensive, has complications,13,40,53-55,170-172 is not available in
many centers, and cannot be completed in many
patients for technical reasons.
4.2 Compression Ultrasonography

Figure 5. Use of whole-leg US (Referenced from Figures 1-4, 6).
§See Kearon et al.11 £If whole-leg US shows only isolated calf vein
DVT, we suggest treating, rather than serial testing to rule out
proximal extension only in patients with a high pretest probability
or if high risk of extension or severe symptoms, see Kearon et al.11
aGrade 1B vs repeat proximal US in 1 week, vs D-dimer testing
and vs venography in patients with suspected first lower extremity
DVT and a low, moderate, or unspecified pretest probability;
Grade 2B vs venography and vs additional US in patients with
suspected first lower extremity DVT and a high pretest probability. bGrade 2C vs treating DVT in patients with suspected first
lower extremity DVT and a low, moderate, or unspecified pretest
probability. cGrade 1B for treating DVT vs confirmatory venography. See Figure 1 legend for expansion of abbreviation.
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The evaluation of suspected ipsilateral recurrence
using CUS is problematic because persistent abnormalities of the deep veins are common following a
first episode of thrombosis. Prospective follow-up
studies have reported residual US abnormalities (noncompressibility) in approximately 80% of patients
at 3 months161,173 and 50% of patients 1 year after
the diagnosis of proximal DVT.161,173-175 Thus, the presence of a noncompressible venous segment on CUS
is not diagnostic of recurrent thrombosis, and recurrence can only be confirmed if there is evidence of
new thrombus formation.
Diagnosis of DVT
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Population: suspected
recurrent DVT
Reference standard:
venography
Population: suspected
recurrent DVT
Reference standard:
venography
Population: suspected
recurrent DVT
Reference standard:
venography

Criteria

New noncompressible
segment or increased
residual venous diameter
of 1-2 mmb
New noncompressible
segment or increased
residual venous diameter
of ⱖ 2 mmd
New noncompressible
segment or increased
residual venous diameter
of . 4 mmf
Prevalence 5%, 741
Prevalence 17%, 647
Prevalence 53%, 367
Prevalence 5%, 921
Prevalence 17%, 805
Prevalence 53%, 155
Prevalence 5%, 950

Prevalence 17%, 49
Prevalence 53%, 154
Prevalence 5%, 49
Prevalence 17%, 456
Prevalence 53%, 482
Prevalence 5%, 36

Lowe

2 Studies (115
participants)161,162

True Negatives
(Correctly Classified
as Not Having DVT)

Prevalence 5%, 14

True Positives (Correctly
Classified as Having DVT)

Lowc

Quality of
Evidence

1 Study (16
participants)160

No. of Studies
(Participants)

Prevalence 17%, 25
Prevalence 53%, 14
Prevalence 5%, 0

Prevalence 17%, 183
Prevalence 53%, 103
Prevalence 5%, 29

Prevalence 5%, 209

False Positives
(Incorrectly Classified
as Having DVT)

Prevalence 17%, 15
Prevalence 53%, 49
Prevalence 5%, 14

Prevalence 17%, 121
Prevalence 53%, 376
Prevalence 5%, 5

Prevalence 5%, 36

False Negatives
(Incorrectly Classified
as Not Having DVT)

2 Studies160,163; however,
Moderateg
estimates of both
sensitivity and
Prevalence 17%, 121
Prevalence 17%, 830
Prevalence 17%, 0
Prevalence 17%, 50
specificity only in 1
Prevalence 53%, 376
Prevalence 53%, 470
Prevalence 53%, 0
Prevalence 53%, 154
(16 participants)163
GRADE Working Group grades of evidence: High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality: Further research is likely to have an
important impact on our confidence in the estimate of effect and may change the estimate. Low quality: Further research is very likely to have an important impact on our confidence in the estimate of
effect and is likely to change the estimate. See Table 1 and 3 legends for expansion of abbreviation.
aPrevalences for high (53%), moderate (17%), and low (5%) taken from Wells et al.10
bBased on a specificity of 78% (95% CI, 45%-94%) and sensitivity of 29% (95% CI, 8%-64%).
cSerious limitations (published only in abstract form, unclear if consecutive or selected patients, technique requires local expertise and previous CUS for comparison), single study, serious indirectness
(accuracy study only; no management studies), and moderate imprecision (wide 95% CI).
dBased on a specificity of 97% and sensitivity of 91%.
eSerious limitations (one study published only in abstract form,162 unclear if consecutive or selected patients; technique requires local expertise and previous CUS for comparison), serious indirectness
(accuracy study only; no management studies), and moderate imprecision (wide 95% CI).
fBased on a specificity of 100% (95% CI, 70%-100%) and sensitivity of 71% (95% CI, 36%-92%)160; positive predictive value only of 100% (95% CI, 84%-100%)170
gSerious limitations (published only in abstract form, unclear if consecutive or selected patients; technique requires local expertise and previous CUS for comparison), single study, serious indirectness
(accuracy study only; no management studies), and very serious imprecision (wide 95% CI).

Population and
Reference Standard

Illustrative Comparative Numbers: Effect/1,000a

Table 7—[Sections 4.1-4.3] Summary of Findings for Diagnostic Studies in Patients With Suspected Recurrent Lower Extremity DVT: Accuracy Studies

Table 8—[Sections 4.1-4.3] Summary of Findings for Diagnostic Studies in Patients with Suspected Recurrent Lower
Extremity DVT: Prospective Management Cohort Studies

Diagnostic Strategy Used
to Exclude Recurrent DVT
Negative serial proximal
CUS162-165

Unchanged residual
venous diameter
( , 4 mm increase) on
proximal CUS and a
negative highly sensitive
DD (Biopool
AutoDimer)166
Unlikely pre-TP and
negative highly sensitive
DD (STA Liatest)167
Negative highly
sensitive DD

No. of Participants (Studies)
Normal serial US
Day of presentation, day 2
[ ⫾ 1], day 7 [ ⫾ 1]: 150 (1)163
Day of presentation, day 1-3
and 6-10 (in patients with
a positive DD): 129 (2)165
Normal or unchanged/
improved residual venous
diameter serial US
Day of presentation, day 2
[ ⫾ 1], day 7 [ ⫾ 1]: 86 (1)162
Unchanged residual venous
diameter ( , 4 mm)
Day of presentation and
day 7: 42 (1)164
75 (1)

Outcome

Incidence of VTE During
Follow-up Among Patients
Judged to Have Recurrent
DVT Excluded (ie, Post-TP
of DVT), % (95% CI)%

Quality of Evidence
Moderatea

VTE diagnosed during
6 mo of follow-up163
VTE diagnosed during
3 mo of follow-up165

1.3 (95 CI, 0.02-4.7)163
2.3 (95 CI, 0.8-6.6)165

Lowb

VTE diagnosed during
6 mo of follow-up162
VTE diagnosed during
3 mo of follow-up164

3.1 (95 CI, 0.4-10.7)162
4.8 (95 CI, 1.3-15.8)164

Lowc

VTE diagnosed during
3 mo of follow-up

0 (95 CI, 0-4.8)

Moderated

16 (1)

VTE diagnosed during
3 mo of follow-up

0 (95 CI, 9-19.4)

Lowe

STA Liatest DD: 134 (1)168
MDA DD: 229 (1)165

VTE diagnosed during
3 mo of follow-up

0.75 (95 CI, 0.02-4.1)
1.71 (95 CI, 0.7-4.4)

Moderatef

Consequences in terms of presenting with VTE during clinical follow-up when specific strategies are used to rule out suspected recurrent DVT.
GRADE Working Group grades of evidence: High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the
estimate. See Table 1 and 3 legends for expansion of abbreviations.
aBates et al165 published only in abstract.
bSingle study; point estimate for post-TP of DVT . 2%; very serious imprecision, wide 95% CI.
cSingle study; unclear if consecutive or selected patients used; point estimate for post-TP of DVT . 2%; wide 95% CI.
dSingle-center study; wide 95% CI.
eOnly 15% of patients presenting to the ED with suspected DVT could be managed with this strategy, single study, very wide 95% CI.
fNo data on patients with various pre-TPs; unable to determine exact overall prevalence of recurrent DVT168; published in abstract only165; for both
studies, wide 95% CI.

Although the finding of a new noncompressibility
of the common femoral or popliteal vein when compared with a previous US is considered diagnostic of
recurrence, this finding occurs in only 10% to 20%
of patients with recurrent thrombosis.161,162,176
Although complete resolution of thrombus is slow
to occur, the diameter of residual disease as assessed
by CUS decreases substantially (by up to 62% in
the common femoral vein and by as much as 50%
in the popliteal vein) during the first 3 months of
therapy.161
Two small studies suggest that recurrent ipsilateral DVT can be diagnosed in the presence of new
noncompressibility of a previously normal popliteal
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or common femoral vein and/or a ⱖ 2-mm increase
in the residual venous diameter of one of these two
veins (when measured in the transverse plane during
maximal compression) and compared with the
results of previous venous US (specificity of 100%
and 95% against a reference standard of venography
in both studies).161,162 However, another study does
not support these findings (14% of those with a positive test proved not to have thrombosis when
venography performed).163 Further, in a study assessing interobserver agreement on measurement of
residual vein diameter, the mean difference between
paired measurements was 2.2 mm (95th centile,
8.0 mm).177
Diagnosis of DVT

An increase in venous diameter ⱖ 4 mm during
compression compared with a previous result on
venous US appears more accurate for the diagnosis of
recurrence (specificity of 100%).160,163 However,
interobserver variability in the measurement of residual
thrombus suggests that, in the absence of a new
noncompressible common femoral or popliteal vein,
even an apparent increase in residual venous diameter of 4 mm may be associated with false positives.
Furthermore, for a quantitative US assessment to
be performed, a previous US must be available for
comparison.
Rigorous evaluation and validation of other proposed venous US criteria for the diagnosis of recurrent DVT (eg, changes in thrombus length, Doppler
flow, and intraluminal appearance) have not been
published. Moreover, like residual vein diameter
assessment, these characteristics have only moderate
interobserver agreement.177,178
Extrapolating from studies in symptomatic patients
with a suspected first DVT who have normal results
on serial CUS, a similar strategy is expected to reliably exclude DVT in patients with suspected recurrence. Theoretically, development of collateral
vessels in patients with previous disease might result
in false-negative results (ie, a normal collateral vessel
may be mistaken for one of the deep veins, preventing the ultrasonographer from detecting new DVT).
Nonetheless, several management cohort studies
suggest that it is safe to withhold anticoagulant
therapy in patients with suspected recurrent DVT
who have repeatedly normal results or unchanged
residual venous diameter measurements on serial
testing performed either on days 2 (⫾1) and 7
(⫾1),162,163 day 7,32,164 or days 1 to 3 and 7 to 10165
(frequency of false negatives, 1%,162 2%,165 3%,163 and
5%164).
4.3 Pretest Probability Assessment
Although the most recent version of the Wells pretest probability model for suspected DVT includes a
history of previous VTE as one of items used to determine clinical probability,32 it has not been validated
in a large population of patients with suspected
recurrence.
4.4 D-Dimer Alone and in Combination With
Pretest Probability Assessment or CUS
D-Dimer assays have been less extensively evaluated in patients with suspected recurrent DVT than
in those with a suspected first event. In many patients,
D-dimer levels appear to return to normal values
within 3 months of starting treatment of acute DVT179
and remain within the normal range after anticoagulant therapy is withdrawn in the majority of patients.180
www.chestpubs.org
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Therefore, D-dimer testing should be useful in
patients with suspected recurrence.
Five prospective cohort management studies have
reported results for strategies involving D-dimer testing
in patients with suspected recurrent DVT.32,165,167-168
In two studies in which a negative sensitive D-dimer
was used either in combination with an unlikely
pretest probability using the modified Wells model
(n 5 16 patients)167 or a CUS at presentation that
was either normal or showed an increase in residual diameter of , 4 mm (n 5 75)166 to exclude recurrence, no patients experienced VTE during 3 months
of follow-up. However, the first strategy may have
limited usefulness, as the combination of D-dimer
and pretest probability assessment was able to exclude
recurrence in only 15% of patients.167 Two larger prospective cohort studies suggest that negative results
of sensitive assays exclude DVT in outpatients with
suspected recurrent DVT (false-negative frequencies of 2%165 and 5%168). In a randomized trial of
1,096 outpatients with suspected DVT, of whom
102 had prior VTE, the combination of an unlikely
pretest probability (using the modified Wells model)
and negative D-dimer (either moderate or high sensitivity) had a frequency of VTE during 3-month
follow-up of 0.9% (95% CI, 0.3%-3.3%). Results for
the 102 patients with suspected recurrence were not
presented separately.
4.5 CT Scan Venography
There are no accuracy or management studies of
CT scan venography in patients with suspected
recurrent DVT.
4.6 MRI
One prospective study of 43 patients with a first
episode of DVT suggests that the high T1 signal normalizes within 6 months.181 However, there has been
no evaluation of this technique’s accuracy in patients
with suspected recurrent DVT. MR venography has
not been evaluated in patients with suspected DVT.
Recommendations (see Figs 6-9)
4.1. In patients suspected of having recurrent
lower extremity DVT (see Fig 6), we recommend
initial evaluation with proximal CUS or a highly
sensitive D-dimer over venography, CT venography or MRI (all Grade 1B).
Remarks: Initial D-dimer testing with a high-sensitivity assay is preferable if prior US is not available for
comparison.
If the highly sensitive D-dimer is positive
(see Fig 7), we recommend proximal CUS over
CHEST / 141 / 2 / FEBRUARY, 2012 SUPPLEMENT
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Figure 6. [Section 4.1] Recommendations for evaluation of suspected lower extremity recurrent DVT: proximal US as initial test. Where there are preferred strategies, these are indicated by
boldface print; less preferred strategies are indicated by italicizing/shading. §See Kearon et al.11 £“Negative” refers to a normal US or an area of prior noncompressibility with a stable or
decreased residual diameter or an interval increase in residual diameter of , 2 mm. #“Nondiagnostic” refers to a technically limited US, an area of prior noncompressibility with increase in
residual venous diameter of , 4 mm but ⱖ 2 mm, or an area of prior noncompressibility without prior measurement of residual diameter for comparison. &“Positive” refers to a new noncompressible segment or an area of prior noncompressibility with an interval increase in residual diameter of ⱖ 4 mm. @Consider additional serial proximal US. aGrade 1B vs venography, CTV, or
MR venography. bGrade 1B for treating DVT vs venography if new noncompressible segment in the common femoral or popliteal vein; Grade 2B for treating DVT vs venography for a ⱖ 4-mm
increase in venous diameter during compression compared with that in the same venous segment on a previous result. cGrade 2B vs no further testing and vs venography. dGrade 1B vs further
testing with venography. eGrade 2B for at least one additional proximal US or moderate or highly sensitive D-dimer over venography. fGrade 2B for at least one additional proximal US or moderate or highly sensitive D-dimer over no further testing. gGrade 2B for at least one additional proximal US over venography. hGrade 2B for at least one additional proximal US over no further
testing. iGrade 1B for treating DVT over venography for new noncompressible segment compared to previous CUS result; Grade 2B for treating DVT over venography for a ⱖ 4-mm increase
in venous diameter during compression compared with that in the same venous segment on a previous result. jGrade 1B for proximal US (or highly sensitive D-dimer; see Figure 7) over venography, CTV, or MRI. CTV 5 CT scan venography; MR 5 magnetic resonance.

venography, CT venography, or MRI (Grade 1B
for all comparisons).
In patients with suspected recurrent lower
extremity DVT in whom initial proximal CUS is
negative (normal or residual diameter increase
of , 2 mm) (see Fig 6), we suggest at least one
further proximal CUS (day 7 ⴞ 1) or testing with
a moderately or highly sensitive D-dimer (followed by repeat CUS [day 7 ⴞ 1] if positive)
rather than no further testing or venography
(Grade 2B).
Remarks: In patients with an abnormal proximal US
at presentation that does not meet the criteria for the
diagnosis of recurrence, an additional proximal CUS
on day 2 ⫾ 1 in addition to that on (day 7 ⫾ 1) may be

preferred. Patients who place a high value on an
accurate diagnosis and a low value on avoiding the
inconvenience and potential side effects of a venography are likely to choose venography over missed
diagnosis (in the case of residual diameter increase
of , 2 mm).
We recommend that patients with suspected recurrent lower extremity DVT and a negative highly
sensitive D-dimer or negative proximal CUS and
negative moderately or highly sensitive D-dimer or
negative serial proximal CUS (see Figs 6 and 7)
undergo no further testing for suspected recurrent
DVT rather than venography (Grade 1B).
If CUS of the proximal veins is positive (see Figs
6 and 7), we recommend treating for DVT and

Figure 7. [Section 4.1] Recommendations for evaluation of suspected lower extremity recurrent DVT:
highly sensitive D-dimer as initial test. Where there are preferred strategies, these are indicated by
boldface print; less preferred strategies are indicated by italicizing/shading. §See Kearon et al.11 £“Negative” refers to a normal US or an area of prior noncompressibility with a stable or decreased residual
diameter or an interval increase in residual diameter of , 2 mm. #“Nondiagnostic” refers to a technically
limited US, an area of prior noncompressibility with increase in residual venous diameter of , 4 mm
but ⱖ 2 mm, or an area of prior noncompressibility without prior measurement of residual diameter for
comparison. &“Positive” refers to a new noncompressible segment or an area of prior noncompressibility
with an interval increase in residual diameter of ⱖ 4 mm. @Consider additional serial proximal US.
aGrade 1B vs venography, CTV, or MR venography; preferred initial assay if prior US not available for
comparison. bGrade 1B for treating DVT vs venography if new noncompressible segment in the common
femoral or popliteal vein; Grade 2B for treating DVT vs venography for a ⱖ 4-mm increase in venous
diameter during compression compared with that in the same venous segment on a previous result.
cGrade 2B vs no further testing and vs venography. dGrade 1B vs further testing with venography. eGrade
2B for at least one additional proximal US over venography. fGrade 2B for at least one additional proximal US over no further testing. gGrade 1B for treating DVT over venography if new noncompressible
segment in the common femoral or popliteal vein; Grade 2B for treating DVT over venography for
a ⱖ 4-mm increase in venous diameter during compression compared with that in the same venous segment on a previous result. hGrade 1B for highly sensitive D-dimer (or proximal US; see Figure 6) over
venography, CTV, or MRI. See Figure 1 and 6 legends for expansion of abbreviations.
www.chestpubs.org
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Figure 8. [Section 4.2] Recommendations for evaluation of suspected lower extremity recurrent DVT:
evaluation following nondiagnostic proximal US and prior US result available for comparison. Where
there are preferred strategies, these are indicated by boldface print; less preferred strategies are indicated by italicizing/shading. §See Kearon et al.11 #Previous US with residual diameter measurements is
available for comparison. Current US is nondiagnostic (technically limited or only abnormality an area of
prior noncompressibility with increase in residual venous diameter of , 4 mm but ⱖ 2 mm). £“Negative”
refers to a normal US or an area of prior noncompressibility with a stable or decreased residual diameter
or an interval increase in residual diameter of , 2 mm. &“Positive” refers to a new noncompressible
segment or an area of prior noncompressibility with an interval increase in residual diameter of ⱖ 4 mm.
aGrade 1B vs treating for DVT and vs alternative test strategies. bGrade 2B vs treating for DVT and
vs alternative test strategies. cGrade 2B vs treating for DVT and vs alternative test strategies. dGrade 2B
vs no further testing and vs venography. eGrade 1B vs further testing with venography. fGrade 1B for
treating DVT vs venography if new noncompressible segment in the common femoral or popliteal vein;
Grade 2B for treating DVT vs venography for a ⱖ 4-mm increase in venous diameter during compression compared with that in the same venous segment on a previous result. gGrade 2B for treating DVT
over venography if a ⱖ 4-mm increase in venous diameter during compression compared with that in the
same venous segment on a previous result (Grade 1B for treating DVT over venography if new noncompressible segment in the common femoral or popliteal vein). hGrade 2B for repeat proximal US in 1 week
or moderate or highly sensitive D-dimer over treating for DVT (Grade 1B for venography over treating
for DVT). See Figure 1 legend for expansion of abbreviation.

performing no further testing over performing
confirmatory venography (Grade 1B for the
finding of a new noncompressible segment in the
common femoral or popliteal vein, Grade 2B for
a ⱖ 4-mm increase in venous diameter during compression compared with that in the same venous segment on a previous result).

diameter of , 4 but ⱖ 2 mm) (see Fig 8), we
recommend further testing with venography,
if available (Grade 1B); serial proximal CUS
(Grade 2B) or testing with a moderately or highly
sensitive D-dimer with serial proximal CUS
as above if the test is positive (Grade 2B), as
opposed to other testing strategies or treatment.

Remarks: Patients with US abnormalities at presentation that do not include a new noncompressible segment who place a high value on an accurate diagnosis
and a low value on avoiding the inconvenience and
potential side effects of a venography are likely to
choose venography over treatment (in the case of
a ⱖ 4-mm increase in venous diameter).

4.3. In patients with suspected recurrent ipsilateral DVT and an abnormal US without a prior
result for comparison (see Fig 9), we recommend
further testing with venography, if available
(Grade 1B) or a highly sensitive D-dimer (Grade
2B) over serial proximal CUS. In patients with
suspected recurrent ipsilateral DVT and an abnormal US without prior result for comparison and
a negative highly sensitive D-dimer, we suggest
no further testing over venography (Grade 2C).
In patients with suspected recurrent ipsilateral

4.2. In patients with suspected recurrent lower
extremity DVT and abnormal but nondiagnostic
US results (eg, an increase in residual venous
e402S
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5.1 Venography

Figure 9. [Section 4.3] Recommendations for evaluation of suspected lower extremity recurrent DVT: evaluation following nondiagnostic proximal US and prior US result not available for
comparison. Where there are preferred strategies, these are indicated by boldface print; less preferred strategies are indicated by
italicizing/shading. §See Kearon et al.11 Previous US with residual
diameter measurements is not available for comparison. Current US
is nondiagnostic (technically limited or only abnormality an area
of prior noncompressibility). aGrade 1B vs repeat proximal US in
1 week. bGrade 2C vs repeat proximal US in 1 week. cGrade 2C
vs further testing with venography. dGrade 2C vs treating for DVT.
eGrade 2B for highly sensitive D-dimer (Grade 1B for venography)
over repeat proximal US in 1 week. fGrade 2C for venography
over treating for DVT. MRV 5 magnetic resonance venography.
See Figure 1 legend for expansion of other abbreviation.

DVT and an abnormal US without prior result
for comparison and a positive highly sensitive
D-dimer, we suggest venography if available over
empirical treatment of recurrence (Grade 2C).
Remarks: Patients who place a high value on avoiding
the inconvenience and potential side effects of a venography are likely to choose treatment over venography.

5.0 Diagnosis of Pregnancy-Related DVT
Roughly two-thirds of all pregnancy-related DVT
occur antepartum, with risk distributed across all
three trimesters.182 During pregnancy, DVT is found
in the left leg in . 80% of cases.182,183 A recent systematic review confirmed a high frequency of iliofemoral
(64%) and isolated iliac vein (17%) thromboses
among those with confirmed DVT.183
Tables S48 and S49 summarize the methodology of
diagnostic studies in patients with suspected pregnancy-related DVT; Table S50 provides a description
of the study results. Evidence profiles for the various
diagnostic strategies that have been evaluated are
included in Tables S51 to S55. Tables 9 and 10 summarize the quality of evidence and potential clinical
outcomes for the various diagnostic strategies.184-187
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Although venography is the reference standard test
for the diagnosis and exclusion of DVT,13,40 concerns
about fetal radiation exposure during testing have
limited the number of studies involving this technique in pregnant women with suspected DVT.
Potential adverse effects of in utero radiation exposure
include oncogenicity and teratogenicity. Investigators
using simulation techniques have calculated the radiation to the fetus during the performance of unilateral
venography with abdominal shielding to be , 0.05
rads and 0.32 rads when shielding is removed.188
Radiation doses of ⱕ 5 rads do not appear to be associated with an increased risk of pregnancy loss,189,190
and it has been suggested that the risk of fetal malformation only increases above background levels at
radiation doses . 15 rads.189,190 However, studies have
reported up to a twofold increase in the risk of childhood malignancies with radiation exposures of up to
5 rads.188 In absolute terms, this equates to a potential
increase in the incidence of cancer in the first year
of life from 0.1% to 0.2%.191 A recent record linkage
of administrative and health-care use databases in
Ontario, Canada that identified 1.8 million motherchild pairs reported no significant increase in the risk
of cancer in children of mothers who underwent
CT scan or radionuclide imaging in pregnancy compared with offspring of mothers with no exposure,
although a small harmful effect could not be excluded
(adjusted hazard ratio: 0.68; 95% CI, 0.25-1.80).192
These data suggest that a fear of fetal irradiation as consequence of maternal venography is likely overstated.
5.2 Compression Ultrasonography
Diagnostic imaging algorithms for DVT in the nonpregnant population are often extrapolated to pregnant
women. However, these strategies may be inadequate as they do not take into account the increased
frequency of pelvic and iliac vein thrombosis seen during pregnancy and the lack of sensitivity of standard
CUS for DVT isolated to these areas.193,194 Although
modifications of standard CUS technique that include
Valsalva maneuvers and the assessment of flow changes
with respiration can be used to assess for patency
of the iliac veins,186,195-197 the accuracy of these techniques has not been rigorously assessed.
A multicentre prospective cohort study of 149 pregnant women with suspected first DVT evaluated the
role of proximal CUS in the exclusion of DVT.186 All
patients underwent CUS with compression along
the proximal veins and the calf trifurcation. Direct
imaging and Doppler flow examination of the iliac
veins were conducted if isolated iliac vein thrombosis
was suspected. DVT was diagnosed when a venous
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True Positives (Correctly
Classified as Having DVT)

True Negatives
(Correctly Classified
as Not Having DVT)

False Positives
(Incorrectly Classified
as Having DVT)

False Negatives
(Incorrectly Classified
as Not Having DVT)

Population: suspected
1 (195)184
Lowc
Prevalence 1.5%, 15
Prevalence 1.5%, 493 Prevalence 1.5%, 492
Prevalence 1.5%, 0
pregnancy-related DVT
Reference standard:
Prevalence 8.7%, 87
Prevalence 8.7%, 457 Prevalence 8.7%, 456
Prevalence 8.7%, 0
proximal CUS and 3 mo
Prevalence 24.6%, 246
Prevalence 24.6%, 377 Prevalence 24.6%, 377
Prevalence 24.6%, 0
of follow-up
Highly sensitive Population: suspected
1 (249)185
Lowe
Prevalence 1.5%, 15
Prevalence 1.5%, 101 Prevalence 1.5%, 884
Prevalence 1.5%, 0
DD (standard
pregnancy-related DVT
threshold)d
Reference standard:
Prevalence 8.7%, 87
Prevalence 8.7%, 84
Prevalence 8.7%, 819
Prevalence 8.7%, 0
proximal CUS and 3 mo
Prevalence 24.6%, 246
Prevalence 24.6%, 78 Prevalence 24.6%, 676
Prevalence 24.6%, 0
of follow-up
Moderately
Population: suspected
1 (149)186
Lowg
Prevalence 1.5%, 15
Prevalence 1.5%, 591 Prevalence 1.5%, 394
Prevalence 1.5%, 0
sensitive DD
pregnancy-related DVT
Prevalence 8.7%, 87
Prevalence 8.7%, 548 Prevalence 8.7%, 306
Prevalence 8.7%, 0
Reference standard:
proximal CUS and
Prevalence 24.6%, 247
Prevalence 24.6%, 452 Prevalence 24.6%, 302
Prevalence 24.6%, 0
3 mo of follow-up
GRADE Working Group grades of evidence: High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality: Further research is likely to have an
important impact on our confidence in the estimate of effect and may change the estimate. Low quality: Further research is very likely to have an important impact on our confidence in the estimate of
effect and is likely to change the estimate. See Table 1 and 3 legends for expansion of abbreviation.
aPrevalences taken from Chan et al.184
bBased on a specificity of 50% (95% CI, 43%-58%) for absence of left leg symptoms, difference in calf circumference of at least 2 cm, and first trimester presentation and sensitivity of 100% (95% CI, 71%100%) for at least one of these characteristics.
cVery serious limitations (not clearly a sample of consecutive patients, accepted reference standard not used, reference standard results not blinded, internal validation only, small number of events [17]),
single study, serious indirectness (accuracy study only, no management studies), and very serious imprecision (wide 95% CI).
dBased on a specificity of 10.3% (95% CI, 6.6%-15.5%) and sensitivity of 100% (95% CI, 74.7%-100%) for the VIDAS DD using the standard cut point of 0.5 mg FEU/mL.
eVery serious limitations (not clearly a sample of consecutive patients, accepted reference standard not used, frozen samples, reference standard results not blinded, small number of events [15]), single
study, serious indirectness (accuracy study only, no management studies), and very serious imprecision (wide 95% CI).
fBased on a specificity of 60% (95% CI, 52%-68%) and sensitivity of 100% (95% CI, 77%-100%) for the SimpliRED DD.
gSerious limitations (accepted reference standard not used, frozen samples, reference standard results not blinded, small number of events [13]), single study, serious indirectness (accuracy study only, no
management studies), and very serious imprecision (wide 95% CI).

Clinical modelb

Criteria

Population and Reference
Standard
No. of Studies (Patients) Quality of Evidence

Illustrative Comparative Numbers: Effect/1,000a

Table 9—[Sections 5.1-5.3] Summary of Findings of Diagnostic Studies in Patients With Suspected Pregnancy-Related DVT: Accuracy Studies

Table 10—[Sections 5.1-5.3] Summary of Findings of Diagnostic Studies in Patients with Suspected PregnancyRelated DVT: Prospective Cohort Management Studies
Incidence of VTE During
Follow-up Among Those Judged
to Have DVT Excluded
(ie, Post-TP of DVT), % (95% CI)

Quality of Evidence

Diagnostic Strategy Used to
Exclude DVT

Number of Participants
(Studies)

Negative serial CUS of the
proximal veins and calf
trifurcation (with imaging
of the iliac veins in women
with symptoms of isolated
iliac vein thrombosis) on
day of presentation, day 3,
and day 7186
Single whole-leg US187

149 (1)

VTE diagnosed
during 3 mo of
follow-up

0.7 (95% CI, 0.1-4.0)

Moderatea

194 (1)

VTE diagnosed during
3 mo of follow-up

1.7 (95% CI, 0.6-5.0)

Lowb

Outcome

Consequences in terms of presenting with VTE during clinical follow-up when specified strategies are used to rule out pregnancy-related DVT.
GRADE Working Group grades of evidence: High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the
estimate. See Table 1 and 3 legends for expansion of abbreviations.
aSerious limitations (proportion of patients who underwent single CUS vs those who underwent serial testing on days 3 and 7 not specified and
proportion of patients who required imaging of the iliac veins not specified), single study with overall prevalence of DVT of 8.7%, wide 95% CI.
bSerious limitations (an unspecified number were postpartum, of 176 women without DVT at presentation, three received full-dose anticoagulants
despite negative US, complete follow-up only on 164 women), single study, study published only in abstract.

segment was noncompressible, when iliac vein thrombus was visualized, or when flow was absent in the
iliac veins. Some patients with negative US at presentation underwent follow-up testing on day 3 and
day 7, according the clinician’s standard of practice
(proportion not specified). All patients with normal
CUS had anticoagulants withheld and were followed
for 3 months. Twelve patients were diagnosed with
DVT on CUS either at presentation or during serial
testing. The false-negative rate of the CUS testing
strategy during 3 months of follow-up was 0.7%
(95% CI, 0%-4%).
Two studies187,198 have examined the role of complete whole-leg US in the exclusion of pregnancyrelated DVT. Both, however, have important limitations
(Table S52).
5.3 Pretest Probability
Studies evaluating clinical prediction rules have
excluded pregnant women. These models might not
be applicable in this patient population because pregnant women frequently develop leg swelling unrelated
to thrombosis and are less likely to have comorbidities included as risk factors in these models.199
In a multicenter accuracy study of 194 unselected
pregnant women with suspected first DVT, of whom
17 had objectively confirmed disease, experienced
physicians were able to empirically classify patients
into low- and non-low-risk categories.184 The majority
of patients were classified as having a low pretest
probability (67.5%). In this group, the prevalence of
www.chestpubs.org
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DVT was 1.5% (95% CI, 0.4%-5.4%) and the likelihood ratio associated with a low pretest probability
was 0.16 (95% CI, 0.04-0.59). DVT was diagnosed in
24.6% of those with a moderate or high pretest probability. The likelihood ratio of a positive test (moderate or high pretest probability) was 12.9 (95% CI,
5.9-28.2). Inexperienced physicians are likely to be
less accurate in their assessments.
The investigators identified three variables for
inclusion in their model: (1) left leg symptoms (adjusted
OR [aOR], 44.3; 95% CI, 3.2-609.7), (2) a difference
in calf circumference ⱖ 2 cm (aOR, 26.9; 95% CI,
6.1-118.5), and (3) first trimester presentation (aOR,
63.4; 95% CI, 7.1-401.0). Among the 17 pregnant
women with confirmed DVT, all had at least one of
these variables. With none of these criteria, DVT was
never diagnosed (0%; 95% CI, 0%-4.2%). With one
variable, DVT occurred in 16.4% of cases (95% CI,
10.5%-24.7%), whereas the frequency of thrombosis
was 58.3% (95% CI, 35.8%-75.5%) when two or
three criteria were present. Although the authors
conducted an internal bootstrap validation, this model
has not undergone prospective validation in an independent population.
5.4 D-Dimer
Although D-dimer has assumed an increasingly
prominent role in the exclusion of acute DVT in the
nonpregnant population, it has not yet been rigorously evaluated in pregnant patients. D-Dimer levels
increase with gestational age and during complicated
CHEST / 141 / 2 / FEBRUARY, 2012 SUPPLEMENT
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pregnancies.200-203 This reduces the test’s specificity,
and by the third trimester, only a minority of healthy
pregnant women will have a negative D-dimer result
when highly sensitive assays and the same cut point
as in the nonpregnant population are used.203-206
A prospective cohort study of a moderately sensitive but more specific D-dimer assay for DVT during
pregnancy reported a sensitivity of 100% (95% CI,
77%-100%) and a specificity of 60% (95% CI,
62%-68%).186 False-positive results were documented
in only 51% of third-trimester patients, suggesting
that this test warrants further investigation. The usefulness of this assay in pregnant women has not been
evaluated in prospective management studies.
The specificity of highly sensitive D-dimer assays
for pregnancy-related DVT may be improved without sacrificing sensitivity by using higher D-dimer
cut-point values.185 Validation in prospective management studies is required.
5.5 CT Scan Venography
CT scan venography may be useful in detecting
pelvic vein thrombi in nonpregnant subjects125 but is

associated with significant radiation exposure to the
fetus.207 There are no accuracy or management studies
of CT scan venography in this patient population.
5.6 MRI
MR direct imaging does not require gadolinium
contrast and appears to have similar accuracy to
venography for iliac vein thrombi in the nonpregnant
population.150 However, access to this technique is
limited and it has not been evaluated in pregnant
women with suspected DVT. Although one study has
assessed agreement between MR venography (timeof-flight technique) and US,208 MRI has not been
systematically evaluated in pregnant patients with
suspected DVT.
Recommendations (see Figs 10 and 11)
5.1. In pregnant patients suspected of having
lower extremity DVT (see Fig 10), we recommend initial evaluation with proximal CUS over
other initial tests, including a whole-leg US
(Grade 2C), moderately sensitive D-dimer (Grade

Figure 10. [Sections 5.1, 5.2] Recommendations for evaluation of suspected pregnancy-related lower
extremity DVT. Where there are preferred strategies, these are indicated by boldface print; less preferred strategies are indicated by italicizing/shading. Venography is not generally indicated in the figure,
as it is not routinely used. §See Kearon et al.11 £Symptoms suggestive of iliac DVT include swelling of
the entire leg, with or without flank, buttock, or back pain. aGrade 2C vs whole-leg US and vs moderately
sensitive D-dimer; Grade 1B vs highly sensitive D-dimer and vs venography. bGrade 1B over no further
testing. cGrade 2B over no further testing. dGrade 1B vs further testing. eGrade 1B vs venography; Grade
2C vs whole-leg US. fGrade 1B vs venography; Grade 2C vs whole-leg US. gGrade 2C for proximal US
over whole-leg US. hGrade 2C for proximal US over moderately sensitive D-dimer. iGrade 2B for moderate or highly sensitive D-dimer over no further testing (Grade 1B for serial proximal US over no further testing). jGrade 2C for serial proximal US over whole-leg US. kGrade 1B for serial proximal US over
highly sensitive D-dimer. See Figure 1 legend for expansion of abbreviation.
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Figure 11. [Section 5.3] Recommendations for evaluation of
suspected pregnancy-related lower extremity DVT: suspected
isolated iliac vein DVT. £Symptoms suggestive of iliac DVT
include swelling of the entire leg, with or without flank, buttock, or back pain. aGrade 2C vs standard serial proximal US.
bGrade 2C for Doppler US of iliac vein, venography, or MRV
over standard serial proximal US. See Figure 1 legend for
expansion of abbreviation.

2C), highly sensitive D-dimer (Grade 1B), or
venography (Grade 1B).
5.2. In pregnant patients with suspected DVT
in whom initial proximal CUS is negative (see
Fig 10), we suggest further testing with either
serial proximal CUS (day 3 and day 7) (Grade
1B) or a sensitive D-dimer done at the time
of presentation (Grade 2B) over no further
testing for DVT. We recommend that patients
with an initial negative proximal CUS and
a subsequent negative sensitive D-dimer or
negative serial proximal CUS undergo no further testing for DVT (Grade 1B) and that
patients with positive D-dimer have an additional follow-up proximal CUS (day 3 and day 7),
rather than venography (Grade 1B) or wholeleg US (Grade 2C).
5.3. In pregnant patients with symptoms suggestive of isolated iliac vein thrombosis (swelling
of the entire leg, with or without flank, buttock,
or back pain) and no evidence of DVT on standard proximal CUS (see Fig 11), we suggest further testing with either Doppler US of the iliac
vein (Grade 2C), venography (Grade 2C), or
direct MRI (Grade 2C), rather than standard
serial CUS of the proximal deep veins.
6.0 Diagnosis of Upper Extremity DVT
Venous thrombosis involving the upper extremities
is uncommon.209-212 The annual incidence of upper
extremity DVT in the general population is estimated
to be three per 100,000 persons.210,212-215 Secondary
events, which are more common than primary thrombosis, are predominantly due to central venous catheters, pacemaker wires, and malignancies. Primary
events include both idiopathic and effort-related
(Paget-Schroetter syndrome) thrombosis.216 The
latter is a consequence of narrowing of the thoracic
outlet at the level of the first rib and the clavicle
resulting in compression of the subclavian vein.
www.chestpubs.org
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A paucity of studies have evaluated diagnostic
strategies for suspected upper extremity DVT. It is
not clear that diagnostic research for lower extremity
DVT can be extrapolated to upper extremity DVT.
The anatomy of the upper extremity venous system
creates diagnostic difficulties. The midportion of the
subclavian vein runs beneath the clavicle, whereas
the innominate veins and superior vena cava lie in
the thoracic cavity. US visualization of these areas is
difficult, and the standard diagnostic criterion of
compression is impossible in these locations. Contrast venography has the ability to visualize the entire
deep venous system of the upper extremity. However, as outlined in section 2.0, this technique has
significant drawbacks. It would be preferable to use
alternate techniques in routine clinical practice and,
indeed, US is the most commonly used test.
Tables S56 and S57 summarize the methodology
of diagnostic studies in patients with suspected upper
extremity DVT. Table S58 provides a description of
the study results, and Tables S59 to S65 present evidence profiles for the various diagnostic strategies
that have been evaluated. Table 11 summarizes the
quality of evidence and frequency of potential clinical
outcomes for the various diagnostic strategies.217-228
6.1 Ultrasonography
Upper extremity DVT is diagnosed in the presence
of noncompressibility of a venous segment (CUS) or
in the absence of a color or Doppler signal within the
lumen of the vein (visible intraluminal thrombus) and
excluded in the absence of these findings.216,219,223-227
Only two studies (total of 65 patients) have evaluated
the accuracy of a single CUS compared with venography.216,219 Although the pooled sensitivity and specificity were 97% (95% CI, 90%-100%) and 94% (95%
CI, 80%-99%), respectively, the studies were of low
quality and the CIs are wide. No management studies
have been undertaken evaluating the safety of single or
serial CUS for the exclusion of upper extremity DVT.
The sensitivities and specificities of Doppler and
color Doppler combined with CUS or color Doppler
alone were similar to that for CUS.222-228 All of the
available accuracy studies have significant limitations.
No management studies using these techniques have
been performed. Again, the available evidence is
generally of low quality.
6.2 Clinical Pretest Probability Assessment
Evidence for the use of clinical pretest probability
assessment in this patient population is of low quality.
One prospective study of 214 patients evaluated a
clinical score that categorized patients as “unlikely”
and “likely” to have upper extremity DVT based on the
presence of a central venous catheter or pacemaker,
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Negative MRI
(time of flight)l

Negative single
Doppler plus
CUSj

Negative single
Doppler USh

Negative single
CUSf

Negative highly
sensitive DD
(VIDAS)d

Clinical modelb

Diagnostic Test
1 (214 )217

Population: suspected
upper extremity DVT
Reference standard:
single US
Population: suspected
upper extremity DVT
Reference standard:
single US
Population: suspected
upper extremity DVT
Reference standard:
venography
Population: suspected
upper extremity DVT
Reference standard:
venography
Population: suspected
upper extremity DVT
Reference standard:
venography
Population: suspected
upper extremity DVT
Reference standard:
venography
1 (31)221

6 (320 )220

3 (101 )220

2 (65 )216,219

1 (52 )218

No. of Studies
(Participants)

Population and
Reference Standard

Lowm

Lowk

Lowi

Lowg

Lowe

Lowc

Quality of Evidence
Prevalence 5%, 608
Prevalence 17%, 531
Prevalence 53%, 301
Prevalence 5%, 133
Prevalence 17%, 116
Prevalence 53%, 66
Prevalence 5%, 893
Prevalence 17%, 780
Prevalence 53%, 442
Prevalence 5%, 912
Prevalence 17%, 797
Prevalence 53%, 451
Prevalence 5%, 883
Prevalence 17%, 772
Prevalence 53%, 447
Prevalence 5%, 845
Prevalence 17%, 739
Prevalence 53%, 418

Prevalence 17%, 133
Prevalence 53%, 413
Prevalence 5%, 50
Prevalence 17%, 170
Prevalence 53%, 530
Prevalence 5%, 49
Prevalence 17%, 165
Prevalence 53%, 514
Prevalence 5%, 42
Prevalence 17%, 143
Prevalence 53%, 445
Prevalence 5%, 45
Prevalence 17%, 155
Prevalence 53%, 482
Prevalence 5%, 35
Prevalence 17%, 121
Prevalence 53%, 376

True Negatives (Correctly
Classified as Not Having
DVT)

Prevalence 5%, 39

True Positives (Correctly
Classified as Having DVT)

Prevalence 17%, 91
Prevalence 53%, 62

Prevalence 17%, 58
Prevalence 53%, 33
Prevalence 5%, 105

Prevalence 17%, 33
Prevalence 53%, 19
Prevalence 5%, 67

Prevalence 17%, 50
Prevalence 53%, 28
Prevalence 5%, 38

Prevalence 17%, 714
Prevalence 53%, 404
Prevalence 5%, 57

Prevalence 17%, 299
Prevalence 53%, 169
Prevalence 5%, 817

Prevalence 5%, 342

False Positives (Incorrectly
Classified as Having DVT)

Illustrative Comparative Numbers: Effect/1,000a

Table 11—Summary of Findings for Diagnostic Studies in Patients with Suspected Upper Extremity DVT: Accuracy Studies

(Continued)

Prevalence 17%, 49
Prevalence 53%, 154

Prevalence 17%, 15
Prevalence 53%, 48
Prevalence 5%, 15

Prevalence 17%, 27
Prevalence 53%, 85
Prevalence 5%, 5

Prevalence 17%, 5
Prevalence 53%, 16
Prevalence 5%, 8

Prevalence 17%, 0
Prevalence 53%, 0
Prevalence 5%, 1

Prevalence 17%, 37
Prevalence 53%, 117
Prevalence 5%, 0

Prevalence 5%, 11

False Negatives
(Incorrectly Classified as
Not Having DVT)
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Diagnostic Test

Population: suspected
upper extremity DVT
Reference standard:
venography

1 (31)221

No. of Studies
(Participants)
Lowo

Quality of Evidence
Prevalence 5%, 760
Prevalence 17%, 664
Prevalence 53%, 376

Prevalence 17%, 81
Prevalence 53%, 265

True Negatives (Correctly
Classified as Not Having
DVT)

Prevalence 5%, 25

True Positives (Correctly
Classified as Having DVT)

Prevalence 17%, 166
Prevalence 53%, 94

Prevalence 5%, 190

False Positives (Incorrectly
Classified as Having DVT)

Illustrative Comparative Numbers: Effect/1,000a

Prevalence 17%, 85
Prevalence 53%, 265

Prevalence 5%, 25

False Negatives
(Incorrectly Classified as
Not Having DVT)

GRADE Working Group grades of evidence: High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality: Further research is likely to have an
important impact on our confidence in the estimate of effect and may change the estimate. Low quality: Further research is very likely to have an important impact on our confidence in the estimate of
effect and is likely to change the estimate. See Table 1 and 3 legends for expansion of abbreviations.
aPrevalences for high (53%), moderate (17%), and low (5%) taken from Wells et al.10
bBased on a specificity of 64% (95% CI, 57%-72%) and sensitivity of 78% (95% CI, 68%-66%).
cVery serious limitations (not clearly a representative sample, accepted reference standard not used, reference standard results no blinded, no data on withdrawals), single study, serious indirectness
(accuracy study only, no management studies), and serious imprecision (wide 95% CI).
dBased on a specificity of 14% (95% CI, 4%-29%) and sensitivity of 100% (95% CI,78%-100%)
eVery serious limitations (differential verification, accepted reference standard no used, no data on withdrawals), single study, serious indirectness (accuracy study only; no management studies), and very
serious imprecision (wide 95% CI).
fBased on a specificity of 94% (95% CI, 80%-99%) and a sensitivity of 97% (95% CI, 90%-100%).
gVery serious limitations (in one study, CUS results unverified against reference standard in 26 of 33 patients, unclear if representative sample, unclear if reference standard test blinded, no data on
withdrawals), serious indirectness (accuracy study only, no management studies), and serious imprecision (wide 95% CI).
hBased on a specificity of 96% (95% CI, 86%-100%) and a sensitivity of 84% (95% CI, 72%-87%).
iVery serious limitations (in one study, three of 12 Doppler US results unverified against reference standard and 4 of 18 verified against CT scan, rather than venography; in another study, CUS also
performed with potential for bias), serious indirectness (accuracy study only, no management studies), and serious imprecision (wide 95% CI).
jBased on a specificity of 93% (95% CI, 80%-100%) and a sensitivity of 91% (95% CI, 85%-97%).
kVery serious limitations (in one study, 19 of 42 Duplex US results unverified against reference standard; in another, nine of 130 results unverified against reference standard and 22 of 121 Duplex results
verified against venography with remainder against CT scan, MRI, and clinical follow-up; four of six studies unclear if representative patient spectrum; two of six studies unclear if blinding of reference
standard and index test results), serious indirectness (accuracy study only, no management studies), and serious imprecision (wide 95% CI).
lBased on a specificity of 89% (95% CI, 52%-100%) and a sensitivity of 71% (95% CI, 26%-96%).
mVery serious limitations (23 of initial 44 patients were lost), single study, serious indirectness (accuracy study only, no management studies), and very serious imprecision (wide 95% CI).
nBased on a specificity of 80% (95% CI, 44%-97%) and a sensitivity of 50% (95% CI, 12%-88%).
oVery serious limitations (23 of initial 44 patients were lost), single study, serious indirectness (accuracy study only, no management studies), and very serious imprecision (wide 95% CI)

Negative MRI
(gadolinium)n

Population and
Reference Standard

Table 11—Continued
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Figure 12. [Section 6.1, 6.2] Recommendations for evaluation of suspected upper extremity DVT. Where there are preferred strategies, these are indicated by boldface print; less preferred strategies are indicated by italicizing/shading. §See Kearon et al.11 £Combined modality US refers to CUS combined with either Doppler or color Doppler. aGrade 2C vs venography,
vs sensitive D-dimer and vs other strategies. bGrade 2C vs no further testing. cGrade 1C vs venography. dGrade 2C vs venography. eGrade 2C for combined modality US over venography. fGrade
2C for combined modality US over moderate or highly sensitive D-dimer. gGrade 2C for moderate or highly sensitive D-dimer, MRV, CTV, or serial combined modality US over no further
testing. hGrade 2C for pursuing alternate diagnosis over venography. See Figure 1 legend for expansion of abbreviation.

localized pain, unilateral pitting edema, and the presence of another likely possible diagnosis.217,220 The
sensitivity of this score was 78% (95% CI, 68%-88%),
and the specificity was 64% (95% CI, 57%-72%). The
score has not been evaluated in a prospective management study.

6.1. In patients suspected of having upper
extremity DVT (see Fig 12), we suggest initial
evaluation with combined-modality US (compression with either Doppler or color Doppler)
over other initial tests, including highly sensitive D-dimer or venography (Grade 2C).

6.3 D-Dimer Testing

6.2. In patients with suspected upper extremity
DVT in whom initial US is negative for thrombosis
despite a high clinical suspicion of DVT (see
Fig 12), we suggest further testing with a moderate or highly sensitive D-dimer, serial US, or
venographic-based imaging (traditional, CT scan,
or MRI) rather than no further testing (Grade 2C).

One study evaluated the accuracy of a rapid quantitative ELISA in 52 consecutive patients.218,219
Although the sensitivity was 100% (95% CI, 78%-100%),
the specificity was only 14% (95% CI, 57%-72%).
Moreover, Doppler combined with CUS was used
as the reference standard test, making this determination potentially unreliable.
6.5 MR Venography
Time-of-flight and gadolinium-enhanced MR
venography were compared with contrast venography
in a 44-patient accuracy study with important
limitations.220,221 For time of flight, the sensitivity was
71% (95% CI, 29%-96%) and the specificity was 89%
(95% CI, 52%-100%). The sensitivity of gadolinium
MR venography was 50% (95% CI, 12%-88%),
and the specificity was 80% (95% CI, 44%-97%). No
management studies have been performed with this
technique.
6.6 Combinations of Tests
No studies have addressed strategies involving combinations of D-dimer, clinical assessment, and imaging studies.
Recommendations (see Fig 12)

In patients with suspected upper extremity DVT
and an initial negative combined modality US
and subsequent negative moderate or highly
sensitive D-dimer or CT scan or MRI, we recommend no further testing, rather than confirmatory venography (Grade 1C). We suggest that
patients with an initial negative combinedmodality US and positive D-dimer or those with
less than complete evaluation by US undergo
venography rather than no further testing,
unless there is an alternative explanation for
their symptoms (Grade 2B), in which case testing to evaluate for the presence of an alternative diagnosis should be performed. We suggest
that patients with a positive D-dimer or those
with less than complete evaluation by US but
an alternative explanation for their symptoms
undergo confirmatory testing and treatment of
this alternative explanation rather than venography (Grade 2C).
Remarks: Further radiologic testing (serial US or
venographic-based imaging or CT scan/MRI to seek
an alternative diagnosis) rather than D-dimer testing
is preferable in patients with comorbid conditions
typically associated with elevated D-dimer levels.
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