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Background: Modern diagnostic strategies for venous thromboembolism (VTE) incorporate pretest
probability (PTP; prevalence) assessment. The ability of diagnostic tests to correctly identify or exclude
VTE is influenced by VTE prevalence and test accuracy characteristics.

Objective: These evidence-based guidelines are intended to support patients, clinicians, and health
care professionals in VTE diagnosis. Diagnostic strategies were evaluated for pulmonary embolism (PE),
deep vein thrombosis (DVT) of the lower and upper extremity, and recurrent VTE.

Methods: The American Society of Hematology (ASH) formed a multidisciplinary panel including patient
representatives. The McMaster University GRADE Centre completed systematic reviews up to 1 October 2017.
The panel prioritized questions and outcomes and used the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach to assess evidence andmake recommendations. Test accuracy
estimates and VTE population prevalence were used to model expected outcomes in diagnostic pathways.
Where modeling was not feasible, management and accuracy studies were used to formulate recommendations.

Results: Ten recommendations are presented, by PTP for patients with suspected PE and lower
extremity DVT, and for recurrent VTE and upper extremity DVT.

Conclusions: For patients at low (unlikely) VTE risk, using D-dimer as the initial test reduces the need for
diagnostic imaging. For patients at high (likely) VTE risk, imaging is warranted. For PE diagnosis, ventilation-
perfusion scanning and computed tomography pulmonary angiography are the most validated tests, whereas
lower or upper extremity DVT diagnosis uses ultrasonography. Research is needed on new diagnostic
modalities and to validate clinical decision rules for patients with suspected recurrent VTE.

Summary of recommendations

These guidelines are based on updated and original systematic reviews of evidence conducted by
researchers and developed under the direction of the McMaster University GRADE Centre and the
University of Kansas Medical Center, with international collaborators. The panel followed best practices
for guideline development recommended by the Institute of Medicine (now National Academy of
Medicine) and the Guidelines International Network (GIN).1-4 The panel used the GRADE approach5,6 to
assess quality of evidence and formulate recommendations.

Accurate diagnosis of venous thromboembolism (VTE) is important due to the morbidity and mortality
associated with missed diagnoses and the potential side effects, patient inconvenience and resource

Submitted 19 August 2018; accepted 2 October 2018. DOI 10.1182/
bloodadvances.2018024828.

Resources for implementing these guidelines, including apps, patient decision aids,
and teaching slide sets, may be accessed at the ASH web page hematology.org/vte.

The full-text version of this article contains a data supplement.
© 2018 by The American Society of Hematology
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implications of anticoagulant treatment given for VTE. Diagnostic
strategies for VTE are based on assessment of the pretest probability
(PTP) for individual patients, which provides an estimate of the
expected prevalence of VTE at a population level. Validated clinical
decision rules to determine PTP have been published and their
use is recommended in the initial assessment of patients with
suspected VTE.7 The scope of this guideline does not include a
review of existing clinical decision rules or comparisons between
different rules. It is assumed the user will use a validated method to
determine PTP. For patients with suspected pulmonary embolism
(PE), this guideline assumed the prevalence of PE for patients with
low, intermediate, and high PTP to be #5%, 20% (610%), and
$50%, respectively. For patients with suspected deep vein
thrombosis (DVT) of the lower extremities, the prevalence of DVT
for patients with low, intermediate and high PTP was estimated at
#10%, 25% (610%), and $50%, respectively. For patients with
suspected upper extremity DVT, the prevalence for patients with
likely and unlikely probability was estimated at 10% and 40%.

Diagnostic tests for VTE are subject to error and the ability of these
tests to accurately diagnose VTE is dependent on the prevalence of
VTE in the population. The rate of true-positive (TP; patients correctly
identified as having VTE), true-negative (TN; patients correctly identified
as not having VTE), false-positive (FP; patients incorrectly identified as
having VTE), and false-negative (FN; patients incorrectly identified as
not having VTE) test results can be determined for a single diagnostic
test or 1 or more tests in a diagnostic strategy, where the results of the
prior test influence the performance of a subsequent test. Determining
the optimal diagnostic strategy is based on defining acceptable
“misdiagnosis” rates of FN and FP results based on patients’ and
physicians’ values and preferences, risk associated with different
tests, cost, and feasibility. These guidelines provide recommenda-
tions on the optimal diagnostic strategy for suspected VTE based on
prevalence of disease, and present acceptable alternate diagnostic
strategies accounting for the variability in different practice settings.

Interpretation of strong and

conditional recommendations

The strength of a recommendation is expressed as either strong
(“the guideline panel recommends…”), or conditional (“the guideline
panel suggests…”) and has the following interpretation:

Strong recommendation

c For patients: Most individuals in this situation would want the
recommended course of action, and only a small proportion
would not.

c For clinicians: Most individuals should receive the intervention or
test. Formal decision aids are not likely to be needed to help
individual patients make decisions consistent with their values and
preferences.

c For policy makers: The recommendation can be adopted as policy
in most situations. Adherence to this recommendation according
to the guideline could be used as a quality criterion or performance
indicator.

c For researchers: The recommendation is supported by credible
research or other convincing judgments that make additional
research unlikely to alter the recommendation. On occasion, a
strong recommendation is based on low or very low certainty in

the evidence. In such instances, further research may provide
important information that alters the recommendation.

Conditional recommendation

c For patients: The majority of individuals in this situation would
want the suggested course of action, but many would not.
Decision aids may be useful in helping patients to make decisions
consistent with their individual risks, values, and preferences.

c For clinicians: Different choices will be appropriate for individ-
ual patients, and clinicians must help each patient arrive at a
management decision consistent with the patient’s values and
preferences. Decision aids may be useful in helping individuals
to make decisions consistent with their individual risks, values,
and preferences.

c For policy makers: Policy-making will require substantial debate
and involvement of various stakeholders. Performance measures
about the suggested course of action should focus on whether
an appropriate decision-making process is duly documented.

c For researchers: This recommendation is likely to be strength-
ened (for future updates or adaptation) by additional research.
An evaluation of the conditions and criteria (and the related
judgments, research evidence, and additional considerations)
that determined the conditional (rather than strong) recommen-
dation will help identify possible research gaps.

Recommendations

Diagnosis of PE

LowPTP/prevalence (£5%). Recommendation 1a. TheAmerican
Society of Hematology (ASH) guideline panel recommends using a
strategy starting with D-dimer for excluding PE in a population with
low prevalence/PTP (#5%), followed by ventilation-perfusion (VQ)
scan or computed tomography pulmonary angiography (CTPA) for
patients requiring additional testing. If D-dimer is not readily available,
alternate acceptable strategies include performing VQ scan or CTPA
alone. (Strong recommendation for D-dimer based on high certainty
in the evidence of effects on clinical outcomesÅÅÅÅ and moderate
certainty in the evidence of diagnostic accuracy studies ÅÅÅ◯;
conditional recommendation for VQ scan or CTPA based on very low
certainty in the evidence of effects on clinical outcomes Å◯◯◯ and
low certainty in the evidence from diagnostic accuracy studiesÅÅ◯◯).
Remarks:

c For patients presenting to an emergency department with a low
probability of PE, the Pulmonary Embolism Rule-out Criteria (PERC)
may be used to determine whether D-dimer testing is warranted.

c Validated clinical decision rules were used to assess clinical
probability of PE in studies evaluating different diagnostic
strategies for patients suspected of having a first episode PE.
The Geneva score has been validated only in an outpatient
population. If a 2-level clinical decision rule is used, this
recommendation corresponds to the “unlikely PE” category. A
decision to start with D-dimer assumes the results will be
obtained in a timely manner and that the cost of D-dimer
screening is offset by avoiding unnecessary VQ or CTPA for
patients at low PTP for PE. If the D-dimer strategy is followed, a
highly sensitive D-dimer assay is required. A negative D-dimer
rules out PE and no additional testing or anticoagulation is
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required. D-dimer has limited utility in hospitalized patients and in
certain patient populations (postsurgical, pregnant) due to the high
frequency of positive D-dimer results with standard thresholds.

c Use of an age-adjusted D-dimer cutoff in outpatients older than
50 years is as safe as the standard cutoff and increases the
diagnostic utility of the test. Age-adjusted cutoff5 age (years)3
10 mg/L (using D-dimer assays with a cutoff of 500 mg/L).

c VQ scan is preferred over CTPA as the subsequent test to limit
radiation exposure for patients likely to have a diagnostic scan,
and in centers where VQ scans are available with expertise to
interpret the results in a timely manner. CTPA is preferred when
VQ scan is not feasible.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal D-dimer or CTPA results may
require repeat testing or an alternate strategy. If the VQ scan is
nondiagnostic, additional testing with proximal ultrasound of the
lower extremities or CTPA should be considered.

Recommendation 1b. The ASH guideline panel recommends
against using a positive D-dimer alone to diagnose PE, and against
additional testing following negative CTPA or normal VQ scan in
a population with low prevalence/PTP (#5%). (See grading for
recommendation 1a.)

Intermediate PTP/prevalence (∼20%). Recommendation
2a. The ASH guideline panel suggests using a strategy starting
with D-dimer for excluding PE in a population with intermediate
prevalence/PTP (;20%), followed by VQ scan or CTPA for patients
requiring additional testing. If D-dimer is not readily available, alternate
acceptable strategies include performing VQ scan or CTPA alone.
Patients who are likely to have a nondiagnostic VQ scan should
undergo CTPA. (Conditional recommendation for D-dimer based on
high certainty in the evidence of effects on clinical outcomes
ÅÅÅÅ and moderate certainty in the evidence about diagnostic
accuracy studies ÅÅÅ◯; conditional recommendation for VQ scan
or CTPA based on very low certainty in the evidence of effects on
clinical outcomes Å◯◯◯ and moderate certainty in the evidence
from diagnostic accuracy studies ÅÅÅ◯).
Remarks:

c Validated clinical decision rules were used to assess clinical
probability of PE in studies evaluating different diagnostic strategies
for patients suspected of having a first episode PE. The Geneva
score has been validated only in an outpatient population.

c A decision to start with D-dimer assumes the results will be
obtained in a timely manner and that the cost of D-dimer
screening is offset by avoiding unnecessary VQ or CTPA for
patients at intermediate PTP for PE. If the D-dimer strategy is
followed, a highly sensitive D-dimer assay is required. A
negative D-dimer rules out PE and no additional testing
or anticoagulation is required. D-dimer has limited utility in
hospitalized patients and in certain patient populations
(postsurgical, pregnant) due to the high frequency of positive
D-dimer results with standard thresholds.

c Use of an age-adjusted D-dimer cutoff in outpatients older than
50 years is as safe as the standard cutoff and increases the
diagnostic utility of the test. Age-adjusted cutoff5 age (years)3
10 mg/L (using D-dimer assays with a cutoff of 500 mg/L).

c VQ scan is preferred over CTPA as the subsequent test to limit
radiation exposure for patients likely to have a diagnostic scan,
and in centers where VQ scans are available with expertise to
interpret the results in a timely manner. CTPA is preferred when
VQ scan is not feasible.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal D-dimer or CTPA results may
require repeat testing or an alternate strategy. If the VQ scan is
nondiagnostic, additional testing with CTPA should be considered.

Recommendation 2b. The ASH guideline panel recommends
against using a positive D-dimer alone to diagnose PE, and against
additional testing following negative CTPA or normal VQ scan in a
population with intermediate prevalence/PTP (;20%). (See grading
for recommendation 2a.)

High PTP/prevalence (‡50%). Recommendation 3a. The ASH
guideline panel suggests using a strategy starting with CTPA for
assessing patients suspected of having PE in a population with high
prevalence/PTP ($50%). (Conditional recommendation for CTPA
based on very low certainty in the evidence of effects on clinical
outcomes Å◯◯◯ and moderate certainty in the evidence of
diagnostic accuracy studies ÅÅÅ◯).
Remarks:

c Validated clinical decision rules were used to assess clinical
probability of PE in studies evaluating different diagnostic
strategies for patients suspected of having a first episode PE.
The Geneva score has been validated only in an outpatient
population. If a 2-level clinical decision rule is used, this
recommendation corresponds to the “likely PE” category.

c The strategy assumes that test results are obtained under optimal
conditions. Suboptimal CTPA results may require repeat testing.

c If CTPA is not feasible (eg, contrast dye allergy, renal impair-
ment, unavailability), VQ scan may be acceptable if non-
diagnostic scans are followed by additional testing.

c In cases where clinical suspicion for PE remains high with a
negative initial CTPA, additional testing with VQ scan or proximal
ultrasound of the lower extremities may be considered.

Recommendation 3b. The ASH guideline panel recommends
against using a positive D-dimer alone to diagnose PE, and against
using D-dimer as a subsequent test following a negative CT scan in a
population with high prevalence/PTP ($50%). (See grading for
recommendation 3a.)

Recurrent PE. Recommendation 4. The ASH guideline panel
suggests using a strategy starting with D-dimer for excluding
recurrent PE in a population with unlikely PTP. Patients with a
positive D-dimer or those who have a likely PTP should undergo
CTPA. (Conditional recommendation for D-dimer and CTPA based
on low certainty in the evidence of effects on clinical outcomes
ÅÅ◯◯ and moderate certainty in the evidence from diagnostic
accuracy studies ÅÅÅ◯).
Remarks:

c In studies assessing this diagnostic strategy for patients suspected
of having recurrent PE, Wells and Geneva scores were used to
assess clinical probability of recurrent PE. Previous VTE is a
predictor in these scores, but the Wells and Geneva scores have
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not been specifically validated for patients with suspected
recurrent PE.

c A decision to start with D-dimer assumes the results will be
obtained in a timely manner and that the cost of D-dimer
screening is offset by avoiding unnecessary VQ or CTPA for
patients at unlikely PTP for recurrent PE. If the D-dimer
strategy is followed, a highly sensitive D-dimer assay is required.
A negative D-dimer rules out PE and no additional testing or
anticoagulation is required. D-dimer has limited utility in hospi-
talized patients and in certain patient populations (postsurgical,
pregnant) due to the high frequency of positive D-dimer results
with standard thresholds. There is a limited data on the utility
of D-dimer for patients receiving anticoagulant therapy who
present with suspected recurrent PE.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal CTPA results may require repeat
testing.

c If prior imaging is available, comparison of the previous and
current imaging is warranted to determine whether the findings
are new and represent recurrent PE.

Diagnosis of lower extremity DVT

Low PTP/prevalence (£10%). Recommendation 5a. The ASH
guideline panel recommends using a strategy starting with
D-dimer for excluding DVT in a population with low prevalence/
PTP (#10%), followed by proximal lower extremity ultrasound or
whole-leg ultrasound for patients requiring additional testing. If
D-dimer is not readily available, alternate acceptable strategies
include performing proximal lower extremity or whole-leg
ultrasound alone. (Strong recommendation for D-dimer based
on moderate certainty in the evidence of effects on clinical
outcomes ÅÅÅ◯ and moderate certainty in the evidence of
diagnostic accuracy studies ÅÅÅ◯; conditional recommenda-
tion for proximal or whole-leg ultrasound based on very low
certainty in the evidence of effects on clinical outcomes Å◯◯◯
and moderate certainty in the evidence from diagnostic accuracy
studies ÅÅÅ◯).
Remarks:

c Validated clinical decision rules were used to assess clinical
probability of DVT in studies evaluating different diagnostic
strategies for patients suspected of having a first episode DVT.
If a 2-level clinical decision rule is used, this recommendation
corresponds to the “unlikely DVT” category.

c A decision to start with D-dimer assumes the results will be
obtained in a timely manner and that the cost of D-dimer
screening is offset by avoiding unnecessary proximal or whole-
leg ultrasound for patients at low PTP for DVT. If the D-dimer
strategy is followed, a highly sensitive D-dimer assay is required.
A negative D-dimer rules out DVT and no additional testing
or anticoagulation is required. D-dimer has limited utility in
hospitalized patients and in certain patient populations (post-
surgical, pregnant) due to the high frequency of positive D-dimer
results with standard thresholds.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal D-dimer or ultrasound results
may require repeat testing.

Recommendation 5b. The ASH guideline panel recommends
against using a positive D-dimer alone to diagnose DVT, and against
additional testing following negative proximal or whole-leg ultrasound in
a population with low prevalence/PTP (#10%). (See grading for
recommendation 5a.)

Intermediate PTP/prevalence (∼25%). Recommendation 6a.
The ASH guideline panel suggests using a strategy using whole-leg
ultrasound, or starting with proximal lower extremity ultrasound for
evaluating patients suspected of having DVT in a population with
intermediate prevalence/PTP (;25%). No further testing is required
if the whole-leg ultrasound is negative, but a negative initial proximal
ultrasound should be followed by serial proximal ultrasound if no
alternative diagnosis is identified. In an intermediate PTP population
where the prevalence is lower, other potentially acceptable strat-
egies include proximal lower extremity ultrasound alone with
no additional follow-up testing for negative results, or a strategy
starting with D-dimer for excluding DVT followed by proximal lower
extremity ultrasound or whole-leg ultrasound for patients requiring
additional testing. (Conditional recommendation for proximal or
whole-leg ultrasound based on very low certainty in the evidence of
effects on clinical outcomes Å◯◯◯ and high certainty in the
evidence from diagnostic accuracy studies ÅÅÅÅ; conditional
recommendation for D-dimer based on moderate certainty in the
evidence of effects on clinical outcomes ÅÅÅ◯ and moderate
certainty in the evidence from diagnostic accuracy studies ÅÅÅ◯).
Remarks:

c Validated clinical decision rules were used to assess clinical
probability of DVT in studies evaluating different diagnostic
strategies for patients suspected of having a first episode DVT.

c Studies where patients are determined to have an intermediate
PTP for DVT have prevalence estimates of ;13% to 24%.8 A
decision to use a D-dimer strategy in an intermediate PTP
population assumes the prevalence is;15% or less. A decision
to start with D-dimer assumes the results will be obtained in a
timely manner and that the cost of D-dimer screening is offset
by avoiding unnecessary ultrasound for patients at intermedi-
ate PTP for DVT. If the D-dimer strategy is followed, a highly
sensitive D-dimer assay is required. A negative D-dimer rules
out DVT and no additional testing or anticoagulation is
required. D-dimer has limited utility in hospitalized patients
and in certain patient populations (postsurgical, pregnant) due
to the high frequency of positive D-dimer results with standard
thresholds.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal D-dimer or ultrasound results
may require repeat testing.

c Serial ultrasound is defined as 1 additional ultrasound in 1 week
following the initial ultrasound.

Recommendation 6b. The ASH guideline panel recommends
against using a positive D-dimer alone to diagnose DVT in a
population with intermediate prevalence/PTP (;25%). (See
grading for recommendation 6a.)

High PTP/prevalence (‡50%). Recommendation 7a. The ASH
guideline panel suggests using a strategy starting with proximal lower
extremity or whole-leg ultrasound for assessing patients suspected of
having DVT in a population with high prevalence/PTP ($50%). This
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should be followed by serial ultrasound if the initial ultrasound is
negative and no alternative diagnosis is identified. (Conditional
recommendation for proximal or whole-leg ultrasound based on
very low certainty in the evidence of effects on clinical outcomes
Å◯◯◯ and high certainty in the evidence from diagnostic accuracy
studies ÅÅÅÅ).

Remarks:

c Validated clinical decision rules were used to assess clinical
probability of DVT in studies evaluating different diagnostic
strategies for patients suspected of having a first episode DVT. If
a 2-level clinical decision rule is used, this recommendation
corresponds to the “likely DVT” category.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal ultrasound results may require
repeat testing.

Recommendation 7b. The ASH guideline panel recommends
against using a positive D-dimer alone to diagnose DVT in a
population with high prevalence/PTP ($50%). (See grading for
recommendation 7a.)
Recurrent DVT (lower extremity). Recommendation 8.
The ASH guideline panel suggests using a strategy starting with
D-dimer for excluding recurrent DVT in a population with unlikely
PTP. Patients with positive D-dimer or those who have likely PTP
should undergo proximal lower extremity ultrasound. (Condi-
tional recommendation for D-dimer and ultrasound based on low
certainty in the evidence of effects on clinical outcomes ÅÅ◯◯
and low certainty in the evidence from diagnostic accuracy
studies ÅÅ◯◯).
Remarks:

c In studies assessing this diagnostic strategy for patients suspected
of having recurrent DVT, a modified Wells score was used to
assess clinical probability of suspected recurrent DVT.

c A decision to start with D-dimer assumes the results will be
obtained in a timely manner and that the cost of D-dimer
screening is offset by avoiding unnecessary ultrasound for
patients at unlikely PTP for DVT. If the D-dimer strategy is
followed, a highly sensitive D-dimer assay is required. A negative
D-dimer rules out DVT and no additional testing or anti-
coagulation is required. D-dimer has limited utility in hospitalized
patients and in certain patient populations (postsurgical,
pregnant) due to the high frequency of positive D-dimer results
with standard thresholds. There are limited data on the utility of
D-dimer for patients receiving anticoagulant therapy who
present with suspected recurrent DVT.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal D-dimer or ultrasound results
may require repeat testing.

c If clinical suspicion remains high following a negative initial proximal
ultrasound, serial proximal ultrasound could be considered.

c If prior imaging is available, comparison of the previous and
current imaging is warranted to determine whether the findings
are new and represent recurrent DVT. Studies evaluating
compression ultrasound findings of recurrent DVT generally
consider involvement of a new venous segment or increase
noncompressibility of .4 mm as diagnostic of recurrent DVT.

Diagnosis of upper extremity DVT

Unlikely PTP/prevalence (10%). Recommendation 9a. The ASH
guideline panel suggests a strategy starting with D-dimer for
excluding upper extremity DVT in a population with low prevalence/
unlikely PTP (10%), followed by duplex ultrasound if D-dimer is
positive. If D-dimer is not readily available, performing duplex
ultrasound alone is acceptable. (Conditional recommendation for
D-dimer based on very low certainty in the evidence of effects on
clinical outcomes Å◯◯◯ and moderate certainty in the evidence
from diagnostic accuracy studies ÅÅÅ◯; conditional recommen-
dation for duplex ultrasound based on very low certainty in the
evidence of effects on clinical outcomesÅ◯◯◯ and low certainty in
the evidence from diagnostic accuracy studies ÅÅ◯◯).
Remarks:

c In studies assessing this diagnostic strategy for patients
suspected of having upper extremity DVT, a dichotomized
Constans score (where score #1 is unlikely and $2 is likely)
was used to assess clinical probability of suspected upper
extremity DVT.

c A decision to start with D-dimer assumes the results will be
obtained in a timely manner and that the cost of D-dimer
screening is offset by avoiding unnecessary duplex ultrasound
for patients at unlikely PTP for upper extremity DVT. If the
D-dimer strategy is followed, a highly sensitive D-dimer assay is
required. A negative D-dimer rules out upper extremity DVT and
no additional testing or anticoagulation is required. D-dimer has
limited utility in hospitalized patients and in certain patient
populations (postsurgical, pregnancy) due to the high frequency
of positive D-dimer results with standard thresholds.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal D-dimer or duplex ultrasound
results may require repeat testing.

c If clinical suspicion remains high following a negative initial
duplex ultrasound, serial duplex ultrasound could be considered.

Recommendation 9b. The ASH guideline panel recommends
against using a positive D-dimer alone to diagnose upper extremity
DVT in a population with low prevalence/unlikely PTP (10%). (See
grading for recommendation 9a.)

Likely PTP/prevalence (40%). Recommendation 10a. The ASH
guideline panel suggests a strategy of either D-dimer followed by
duplex ultrasound/serial duplex ultrasound, or duplex ultrasound/
serial duplex ultrasound alone for assessing patients suspected of
having upper extremity DVT in a population with high prevalence/
likely PTP (40%). (Conditional recommendation for D-dimer based
on very low certainty in the evidence of effects on clinical outcomes
Å◯◯◯ and moderate certainty in the evidence from diagnostic
accuracy studies ÅÅÅ◯; conditional recommendation for duplex
ultrasound based on very low certainty in the evidence of effects on
clinical outcomes Å◯◯◯ and low certainty in the evidence from
diagnostic accuracy studies ÅÅ◯◯).
Remarks:

c In studies assessing this diagnostic strategy for patients suspected
of having upper extremity DVT, a dichotomized Constans score
(where score #1 is unlikely and $2 is likely) was used to assess
clinical probability of suspected upper extremity DVT.
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c A decision to start with D-dimer assumes the results will be
obtained in a timely manner and that the cost of D-dimer
screening is offset by avoiding unnecessary duplex ultrasound. If
the D-dimer strategy is followed, a highly sensitive D-dimer assay
is required. A negative D-dimer rules out upper extremity DVT
and no additional testing or anticoagulation is required. D-dimer
has limited utility in hospitalized patients and in certain patient
populations (postsurgical, pregnant) due to the high frequency
of positive D-dimer results with standard thresholds.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal D-dimer or duplex ultrasound
results may require repeat testing.

Recommendation 10b. The ASH guideline panel recommends
against using a positive D-dimer alone to diagnose upper extremity
DVT in a population with high prevalence/likely PTP (40%). (See
grading for recommendation 10a.)

Values and preferences

The ASH panel including the patient representatives placed higher
value on minimizing radiation exposure to the patient if the diagnosis
could be obtained using alternate methods with less radiation
exposure. The panel also placed higher value on reducing the
number of tests in a diagnostic strategy to obtain a diagnosis if the
same results could be achieved. Although a single imaging test
can be used to establish the diagnosis of VTE in low PTP
populations, a strategy using D-dimer as the initial test is recom-
mended to decrease radiation exposure and/or exposure to
diagnostic imaging.

Explanations and other considerations

These recommendations assume the D-dimer results will be
obtained in a timely manner and that the inconvenience and cost
of D-dimer screening is acceptable to patients to potentially avoid
undergoing additional diagnostic testing. It also assumes the costs
of D-dimer screening will be offset by avoiding unnecessary
diagnostic imaging.

Suboptimal conditions may also require repeat tests. Examples
include insufficient blood draw when measuring D-dimer, motion
artifact or improper timing of contrast dye resulting in insufficient

opacification of the pulmonary arteries on CTPA, or VQ performed
for patients with preexisting lung disease.

Additionally, these recommendations acknowledge that diagnostic
test availability and expertise in interpretation varies in different
settings. For example, although VQ scan may be preferred over
CTPA as the subsequent test after a positive D-dimer to limit
radiation exposure, this assumes the availability of technicians and
expertise to obtain and interpret the results in a timely manner
(feasibility). This also assumes the VQ scan will result in a diagnostic
result (ie, normal or high probability). Patients who are older or have
preexisting lung disease are more likely to have a nondiagnostic
VQ scan. Last, modern CT scanners are increasingly able to
detect small thrombi (eg, subsegmental PE) where the clinical
relevance of such findings remains unclear and may result in
unnecessary anticoagulant treatment. Assessing the PTP and likeli-
hood of disease can assist in imaging appropriate populations. Thus, a
decision to select CTPA or VQ requires an assessment of feasibility,
the likelihood of obtaining a diagnostic VQ scan result and PTP.

Lastly, these recommendations acknowledge that radiation expo-
sure with diagnostic tests is evolving, and the next generation of CT
scanners are likely to rival radiation exposure of VQ scanning.
Clinicians should have an understanding of the diagnostic tests
available in their institutions to optimally use these guidelines.

Good practice statements

For patients with suspected PE in whom diagnostic imaging is
required, a baseline chest radiograph may identify an alternate
diagnosis to account for the patient’s symptoms and potentially
avoid further diagnostic imaging. The chest radiograph can also be
used to assess the likelihood of obtaining a diagnostic VQ scan
result. Patients with an abnormal chest radiograph are more likely to
have a nondiagnostic VQ scan, in which case CTPA is preferred
over VQ scanning assuming no contraindications to CTPA.

A follow-up ultrasound for patients with lower or upper extremity
DVT at the time of anticoagulant discontinuation can document any
residual thrombus at end of the treatment period. This provides a
baseline with which to compare any subsequent ultrasound images
if patients present with suspected recurrence and undergo repeat
ultrasound testing.

Introduction

Aim of these guidelines and specific objectives

The purpose of these guidelines is to provide evidence-based
recommendations about the diagnostic evaluation of patients with
suspected PE, DVT, and upper extremity DVT. Diagnostic pathways
based on the expected prevalence of VTE are presented and
guidance on testing is provided based on clinically relevant and
accepted thresholds for accepting error. The recommendations are
further guided by principles of minimizing radiation exposure and
the required number of diagnostic tests to meet the accepted
thresholds where possible. These guidelines are intended to guide
clinicians in selecting optimal diagnostic tests that are more likely
to result in a diagnostic result, reduce the number of diagnostic
tests, and minimize exposure to radiation. The target audience
includes patients, hematologists, emergency medicine physicians,
general practitioners, internists, radiologists, vascular medicine

specialists, other clinicians, and decision-makers. Policy makers
interested in these guidelines include those involved in developing
local, national or international plans with the goal to reduce the
incidence of and manage VTE and evaluate direct and indirect
harms and costs related to VTE. This document may also serve as
the basis for adaptation by local, regional or national guideline
panels.

Description of the health problems

The incidence of VTE is;1 per 1000 persons per year. Establishing
an accurate diagnosis of PE and DVT of the lower or upper
extremities is critical, as a diagnosis of VTE is closely linked to
administering anticoagulant treatment. Anticoagulation is an effective
treatment of VTE but is associated with unnecessary risks of
bleeding, financial cost and inconvenience if patients are mistakenly
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diagnosed with VTE. For patients with VTE in whom the diagnosis is
missed, untreated VTE is associated with an increased risk of
complications including life-threatening or fatal PE, pulmonary
hypertension, thrombus extension and embolization and postthrom-
botic syndrome. Clinical assessment alone is unreliable in establish-
ing or excluding a diagnosis of VTE and objective testing is required.

Contemporary diagnostic strategies for VTE are based on an
assessment of the clinical probability of VTE in the population of
interest prior to diagnostic testing (PTP). Classifying patients into
low, intermediate, or high, or alternately unlikely and likely, clinical
PTP of VTE is done using standardized clinical prediction rules.
Examples of clinical prediction rules include theWells score for DVT
and PE and the Geneva score for PE. PTP alone is not sufficient to
rule in or rule out VTE, so even low risk or unlikely PTP patients are
required to undergo diagnostic testing. In the emergency de-
partment setting, PERC can be applied to determine whether
patients are likely or unlikely to have PE and whether additional
diagnostic testing with D-dimer is warranted.8 Patients with none of
the criteria are considered low risk and no D-dimer or additional
testing is performed. Classification of patients by PTP provides an
estimate of the prevalence of VTE in that patient subgroup. Patients
with low or unlikely clinical PTP have a low prevalence of VTE and
those with high or likely clinical PTP have a high prevalence of VTE.
The prevalence of disease in a population influences the predictive
value of diagnostic tests. A diagnostic test in a population with a low
prevalence of VTE has a high negative predictive value (ie, patients
who test negative truly do not have VTE) but a low positive predictive
value (ie, patients who test positive truly have VTE). Conversely, the
same test in a population with a high prevalence of VTE has a high
positive predictive value and a low negative predictive value.

Diagnostic tests themselves are associated with error. In the
absence of a diagnostic test that identifies VTE with complete
accuracy, VTE diagnosis has evolved to estimate PTP, ideally using
a clinical prediction rule, followed by 1 or more diagnostic tests to
obtain a posttest probability of VTE. In a patient population with
a low clinical PTP for VTE and thus a low prevalence of disease,
a diagnostic test may reduce the posttest probability of VTE below a
certain threshold such that one would be confident that the
diagnosis of VTE is excluded. In a population with a high clinical PTP
for VTE and a high prevalence of disease, the same diagnostic test
may not be sufficient for excluding VTE or specific enough to
establish the diagnosis, requiring a subsequent diagnostic test to
achieve the desired posttest probability threshold.

The concept of a posttest probability threshold has high utility for
clinical decision-making. Because most patients investigated for
suspected VTE do not have VTE, diagnostic strategies are currently
validated in management studies by using the observed rate of
VTE at 3 months in untreated patients. In studies using reference
standards of negative venography (for DVT) or pulmonary angiogra-
phy (for PE), the observed VTE rate is ;2%.9,10 This 2% FN rate in
the population can be considered the posttest probability threshold
for an acceptable diagnostic pathway. Thus, if the posttest probability
(FN rate) of VTE following a pathway of 1 or more diagnostic tests is
,2%, this would safely exclude the diagnosis of VTE.

Modern diagnostic techniques have evolved such that current CT
scanners are able to detect PE at a subsegmental level and ultrasound
capable of detecting DVT within calf veins. The clinical relevance of
such findings is controversial and potentially contributes to the

concept of overdiagnosis of VTE. Anticoagulant treatment of
subsegmental PE or calf vein thrombosis exposes patients to the
risks of anticoagulation potentially without concomitant benefit, and
studies evaluating the clinical importance and appropriate manage-
ment of these findings are needed. Nonetheless, this emphasizes the
necessity of imaging clinically appropriate populations, and de-
termining the PTP prior to diagnostic testing can assist in determining
whether and what diagnostic testing is appropriate.

Methods

The guideline panel developed and graded the recommendations
and assessed the certainty in the supporting evidence following the
GRADE approach.5,6 The overall guideline development process,
including funding of the work, panel formation, management of
conflicts of interest, internal and external review, and organizational
approval, was guided by ASH policies and procedures derived from
the GIN–McMaster Guideline Development Checklist (https://
heigrade.mcmaster.ca/home) and intended to meet recommenda-
tions for trustworthy guidelines by the National Academy of
Medicine and the GIN.1-4 An article detailing the methods used to
develop these guidelines is forthcoming.

Organization, panel composition, planning,

and coordination

The work of this panel was coordinated with that of 9 other guideline
panels (addressing other aspects of VTE) by ASH and the McMaster
GRADE Centre (funded by ASH under a paid agreement). Project
oversight was provided initially by a coordination panel, which reported
to the ASH Committee on Quality, and then by the coordination panel
chair (Adam Cuker) and vice chair (H.J.S.). ASH vetted and appointed
individuals to the guideline panel. The McMaster GRADE Centre
vetted and retained researchers to conduct systematic reviews of
evidence and coordinate the guideline development process, in-
cluding the use of the GRADE approach. The membership of the
panel and the systematic review team is described in Supplement 1.

The panel included hematologists with clinical and research
expertise on the guideline topic, physicians from other disciplines
with similar expertise (including radiologists, internists, and emer-
gency medicine specialists), methodologists with expertise in evidence
appraisal and guideline development, and 2 patient representatives. The
panel chair was an ASH member and content expert. The vice chair
was a clinician and methodologist with experience in guideline
development processes and diagnostic methodology.

In addition to synthesizing evidence systematically, the McMaster
GRADE Centre supported the guideline development process,
including determining methods, preparing agendas and meeting
materials, and facilitating panel discussions. The panel’s work
was done using web-based tools (www.surveymonkey.com and
www.gradepro.org) and 1 face-to-face as well as online meetings.

Guideline funding and management of conflicts

of interest

Development of these guidelines was wholly funded by ASH, a
nonprofit medical specialty society that represents hematologists.
Most members of the guideline panel were members of ASH. ASH
staff supported panel appointments and coordinated meetings but
had no role in choosing the guideline questions or determining the
recommendations.
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Members of the guideline panel received travel reimbursement for
attendance at in-person meetings. One of the patient representatives
received an honorarium of $200 US dollars; the other declined this.
The panelists received no other payments. Through the McMaster
GRADE Centre, some researchers who contributed to the systematic
evidence reviews received salary or grant support. Other researchers
participated to fulfill requirements of an academic degree or program.

Conflicts of interest of all participants were managed according
to ASH policies based on recommendations of the Institute of
Medicine11 and GIN.4 At the time of appointment, a majority of
the guideline panel, including the chair and the vice chair, had no
conflicts of interest as defined and judged by ASH, that is, no
current material interest in any commercial entity with a product that
could be affected by the guidelines. Some panelists disclosed new
interests or relationships during the development process, but the
balance of the majority was maintained.

Before appointment to the panel, individuals disclosed both
financial and nonfinancial interests. Members of the VTE Guideline
Coordination Panel reviewed the disclosures and judged which
interests were conflicts and should be managed. Supplement 2
provides the complete “Disclosure of Interests” forms of all panel
members. In part A of the forms, individuals disclosed material
interests for 2 years prior to appointment. In part B, they disclosed
interests that were not mainly financial. Part C summarizes ASH
decisions about which interests were judged to be conflicts. Part D
describes new interests disclosed by individuals after appointment.

ASH policy required that panel members with a current, direct
financial interest in a commercial entity with any product that could
be affected by the guidelines be recused from making judgments
about relevant recommendations.4,12-14 However, no panel mem-
bers met this criterion and hence no individuals were recused from
making judgments about any recommendations.

None of the researchers who contributed to the systematic
evidence reviews or who supported the guideline development
process had any current, material interest in a commercial entity with
any product that could be affected by the guidelines. Supplement 3
provides the complete disclosure of interest forms of researchers
who contributed to these guidelines.

Formulating specific clinical questions and

determining outcomes of interest

The panel used the GRADEpro Guideline Development Tool
(www.gradepro.org)15 and SurveyMonkey (www.surveymonkey.com)
to brainstorm, then prioritize the following questions addressed
by these guidelines:

1. In a patient population with a low clinical probability of PE, what
is the optimal diagnostic strategy to evaluate for suspected
first episode PE?

2. In a patient population with an intermediate clinical probability
of PE, what is the optimal diagnostic strategy to evaluate for
suspected first episode PE?

3. In a patient population with a high clinical probability of PE,
what is the optimal diagnostic strategy to evaluate for
suspected first episode PE?

4. For patients with a prior history of PE, what is the optimal
diagnostic strategy to evaluate for suspected recurrent PE?

5. In a patient population with a low clinical probability of lower
extremity DVT, what is the optimal diagnostic strategy to
evaluate for suspected first episode DVT?

6. In a patient population with an intermediate clinical probability
of lower extremity DVT, what is the optimal diagnostic strategy
to evaluate for suspected first episode DVT?

7. In a patient population with a high clinical probability of lower
extremity DVT, what is the optimal diagnostic strategy to evaluate
for suspected first episode DVT?

8. For patients with a prior history of DVT, what is the optimal
diagnostic strategy to evaluate for suspected recurrent DVT?

9. In a patient population with an unlikely clinical probability of
upper extremity DVT, what is the optimal diagnostic strategy to
evaluate for suspected upper extremity DVT?

10. In a patient population with a likely clinical probability of upper
extremity DVT, what is the optimal diagnostic strategy to
evaluate for suspected upper extremity DVT?

Diagnosis of PE, DVT of the lower and upper extremities, and recurrent
PE and DVT were prioritized. Diagnosis of thrombosis affecting other
areas, for example, cerebral vein, splanchnic veins (portal vein, splenic
vein, mesenteric veins), ovarian veins, retinal veins, is outside the
scope of these guidelines. The diagnostic tests considered were
limited to those commonly encountered in clinical practice. Although
pulmonary angiography and venography have historically been used
as reference standards for diagnostic tests of PE and DVT, these
tests require technical expertise that is increasingly difficult to access
and carry risks to patients that in the contemporary era are not
acceptable. Newer diagnostic modalities including VQ SPECT and
magnetic resonance imaging (MRI) are emerging but are not the
standard of care in most countries. Consequently, the diagnostic
tests considered in these guidelines were limited to highly sensitive
D-dimer, VQ scan, multidetector CTPA (studies from 2000 forward),
compression ultrasonography of the proximal leg veins or whole-leg
ultrasonography (where both the proximal and distal leg veins are
examined) plus or minus color Doppler (referred to as duplex
ultrasonography).

PTP was assumed to be assessed using validated clinical prediction
rules. A systematic review of published clinical prediction rules,
comparison of different clinical prediction rules and recommenda-
tions for use of 1 clinical prediction rule over another are outside the
scope of these guidelines. The clinical prediction rule used for
individual studies is provided in the evidence tables.16 This guideline
used a 3-level clinical prediction rule, although 2 level or simplified
clinical prediction rules exist. In general, patients classified into
unlikely and likely VTE categories correspond to the low and
intermediate-high categories, respectively.

After the panel prioritized the questions, the chairs developed
diagnostic pathways which were refined through an iterative
process with input from the panel. These pathways were used to
guide the evidence synthesis and recommendations. The panel
selected outcomes of interest for each question a priori, following
the approach described in detail elsewhere.17 In brief, the panel
brainstormed all possible outcomes, then rated their relative
importance for decision-making following the GRADE approach.18

During this rating process, the panel used definitions of the outcomes
(“marker states”) that were developed for these guidelines by the
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McMaster GRADE Centre. Rating outcomes by their relative
importance can focus attention on those outcomes that are considered
most important and help to resolve or clarify potential disagreements.
The panel rated the following outcomes as critical for decisionmaking
across the PE diagnosis questions: mortality, PE, major bleeding,
intracranial hemorrhage, and chronic thromboembolic pulmonary
hypertension, in addition to the diagnostic accuracy outcomes (FP,
FN, TP, and TN test results). The panel rated the following outcomes
as critical for decision making across the DVT diagnosis questions:
mortality, proximal DVT, distal DVT, major bleeding, and intracranial
hemorrhage, in addition to the diagnostic accuracy outcomes (FP,
FN, TP, TN test results). In most instances, there was no direct
evidence assessing the effect of using 1 diagnostic pathway vs
another on patient outcomes or directly comparing the accuracy of
different diagnostic pathways. In some circumstances where the
diagnostic pathway of interest was evaluated, details regarding the
specific number of patients (to determine diagnostic test accuracy
outcomes) was not provided or the outcomes selected differed from
the prioritized outcomes from the panel. To make judgments about
health care–related desirable and undesirable effects, the panel
reviewed all the potential pathways and determined the downstream
consequences related to a particular test result as well as the
complications of testing itself. This affected the degree of certainty in
the recommendations.

Evidence review and development

of recommendations

For each guideline question, the McMaster GRADE Centre and the
systematic review team prepared a GRADE “Evidence-to-Decision”
(EtD) framework, using the GRADEpro Guideline Development
Tool (www.gradepro.org).19-21 Modifications were made to the EtD
framework to address diagnostic strategies and potential diagnostic
pathways. The EtD table summarized the results of systematic
reviews of the literature that were performed specifically for these
guidelines19,20 The EtD table addressed effects of interventions
including potential benefits and harms of the diagnostic test, test
accuracy, natural history of VTE, resource utilization, values and
preferences (relative importance of outcomes), equity, feasibility,
and acceptability. The guideline panel reviewed draft EtD tables
before, during and after the guideline panel meeting and made
suggestions for corrections and additional evidence. To ensure that
recent studies were not missed, searches (Supplement 4) were
updated until October 2017.

The systematic review team followed the general methods outlined
in the Cochrane Handbook for Systematic Reviews (https://training.
cochrane.org/handbook) for conducting new systematic reviews of
the different diagnostic tests and strategies. Risk of bias was
assessed for each test accuracy study using the QUADAS-2 tool
and for other study designs using the appropriate risk of bias tool.22

In addition to conducting systematic reviews of test accuracy and
studies directly assessing the effects of tests on patient outcomes,
the review team searched for prevalence estimates, natural history
and progression of VTE.

The panel guided decisions about the specific D-dimer test assays,
cutoffs, and machines to be included in the reviews. Box 1
summarizes these decisions.

The MacGRADE Centre performed systematic reviews to synthe-
size published evidence about patients’ values and preferences,

costs and cost effectiveness analyses, feasibility, acceptability, and
equity. Findings from all these reviews were summarized within the
EtD tables. Subsequently, the certainty in the body of evidence (also
known as the quality of the evidence or confidence in the estimated
effects) was assessed for each of the effect estimates of the test
accuracy outcomes. The evidence directly assessing the effect of
tests on patient outcomes was evaluated following the GRADE
approach based on the following domains: risk of bias, precision,
consistency and magnitude of the estimate of effects, directness of
the evidence, and risk of publication bias. The certainty was
categorized into 4 levels ranging from very low to high.6,18,23,24

Due to the limited evidence directly assessing the effect of a test or
a diagnosis pathway on patient outcomes, the systematic review
team developed simple mathematical models to calculate the test
accuracy of the entire diagnostic pathway, which permitted a
comparison of the different pathways. The model included data
obtained from the systematic reviews for VTE prevalence and the
pooled diagnostic test accuracy for different tests. This method was
used to explicitly present the test results while considering different
prevalence estimates, multiple potential diagnostic pathways and
different assumptions about the performance of the tests in different
populations. The predicted overall test strategy results from the model
and the quality of evidence assessed using the GRADE approach
were summarized in evidence tables which allowed for a comparison
of the benefits and harms of different diagnostic strategies.

The likelihood of a diagnostic VQ scan is influenced by presence of
lung disease and patient age. A diagnostic result (normal or high
probability) is more likely to occur in younger individuals and in those
without preexisting lung disease. Diagnostic VQ scan results are
less likely in older patients and those with underlying lung disease.
The frequency of a nondiagnostic or indeterminate VQ scan was
consequently modeled in 2 distinct populations: for patients likely to
have a diagnostic VQ scan result, the prevalence of a nondiagnostic
scan was estimated at 20%with 80% having a diagnostic result; for
patients unlikely to have a diagnostic VQ scan result, the prevalence
of a nondiagnostic scan was estimated to be 60% with 40% having
a diagnostic result.

In situations where we were unable to establish population prevalence
of VTE or were unable to obtain diagnostic test accuracy estimates we
used the data obtained from management and accuracy studies to
formulate the recommendations.

Box 1: Summary of decisions

Population: This guideline is not intended to address screening
for VTE in asymptomatic patients, or diagnosis of VTE in pedi-
atric patients, pregnant women, or patients with superficial vein
thrombosis.
Test: This guideline evaluates quantitative high-sensitivity
D-dimer assays, multidetector CTPA, VQ scanning, com-
pression ultrasonography, and compression ultrasonography
with color Doppler (duplex ultrasonography). It does not evaluate
low-sensitivity or qualitative D-dimer assays (eg, SimpliRed),
single-detector CT, VQ SPECT, MRI, transthoracic ultrasound,
impedance plethysmography, venography, or pulmonary
angiography.
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Estimation of disease prevalence. Prevalence estimates
for PE and DVT were identified from systematic reviews and meta-
analyses evaluating clinical prediction rules and provided estimates
of the prevalence of VTE in each clinical probability category.25,26

The most widely validated clinical prediction rules are the Wells
score for PE and DVT and the Geneva score for PE, both of which
have been validated in an outpatient population and evaluated in
management studies. TheWells score has also been validated in an
inpatient population. In determining the prevalence rates, it was
noted that the reported VTE prevalence in European studies is
generally higher compared with North American studies.

Prevalence of PE. Prevalence estimates for PE were obtained
from a meta-analysis of 29 studies of 31 215 patients where the 3-
level Wells score was evaluated in 14 studies.25 The pooled
prevalence of PE in these studies was 5.7% in the low PTP
category, 23.2% in the intermediate PTP, and 49.3% in the high
PTP group. Prevalence estimates of 5% (low), 20% (intermediate),
and 50% (high) were used for modeling the expected diagnostic
test accuracy estimates for PE.

Prevalence of DVT. Prevalence estimates for DVT were
obtained from a meta-analysis of individual patient data from
13 studies of 10 002 patients using the Wells score.26 The
overall prevalence of DVT was 19% with an observed prevalence
for patients with a low PTP population ranging from 3.5% to
8.1%, intermediate 13.3% to 23.9%, and high 36.3% to 61.5%.
Prevalence estimates of 10% (low), 25% (intermediate), and
50% (high) were used for modeling the expected diagnostic test
accuracy estimates for DVT.

Determination of thresholds. To rank the diagnostic
pathways, threshold values for acceptable FN and FP rates
were obtained through panel discussion and based on
expected clinical consequences for each of these categories.
A FN rate of 2% or less and a misdiagnosis (FN1FP) rate of 5%
or less were established as acceptable and clinically relevant
thresholds. A FN rate of #5% and a misdiagnosis rate of #10%
was considered as potentially acceptable and any pathway with
a FN .5% and/or a misdiagnosis rate of .10% as unaccept-
able. A less conservative threshold was established for upper
extremity DVT, with a FN rate of 5% or less, and a misdiagnosis
rate of 10% or less. This decision was based on uncertainty in
the severity of clinical outcomes associated with upper extremity
DVT and an acknowledgment that the prioritized outcome of
chronic thromboembolic pulmonary hypertension was unlikely to be
associated with upper extremity DVT.

Recurrent VTE. Studies evaluating recurrent VTE that could
provide diagnostic test accuracy estimates were searched to permit
modeling of the diagnostic test characteristics in a population of
patients with suspected recurrent VTE. Ultimately, the panel
concluded that modeling would not be feasible given that: (1)
diagnostic tests perform differently for patients with prior VTE and
(2) prevalence estimates for recurrent DVT and recurrent PE were
not available. Patients with prior VTE are a heterogeneous group,
with absence of ongoing anticoagulation at the time of presentation
being one of the strongest predictors of recurrence. Other factors
that are recognized to influence recurrence include sex, the nature
of the initial VTE event (provoked vs unprovoked), and presence of
ongoing risk factors (eg, cancer). The studies evaluating diagnostic
strategies for recurrent VTE did not clearly separate patients

receiving, or not receiving, anticoagulation and the performance of
the diagnostic test in each of these groups. This is particularly
relevant for D-dimer testing, where the effect of anticoagulation on
D-dimer test results is uncertain at best.

For patients with prior VTE, 30% to 50% will have residual
abnormalities on ultrasound or VQ scan upon completion of
anticoagulant treatment.27 Patients with a normal CTPA at the
end of treatment may still have residual defects on VQ scan which
are slower to resolve. Diagnostic criteria have been used to
distinguish recurrent, compared with residual, VTE. For patients with
suspected recurrent DVT, thrombus in a previously unaffected venous
segment or an increase in venous diameter during compression of
.4 mm in a region with prior thrombus would be considered
diagnostic for recurrent DVT. For patients with suspected recurrent
PE, a new ventilation-perfusion defect on VQ scan or new thrombus
in the pulmonary arteries that was not previously noted on CTPA
would be considered diagnostic for recurrent PE. These criteria
require that previous imaging results be available for comparison, a
significant limitation in the diagnosis of recurrent VTE. The studies
evaluating diagnostic strategies for recurrent VTE were not able to
provide this level of detail in order to determine test accuracy
characteristics. The panel agreed that using the test characteristics
from the first episode VTE population and extrapolating to the
recurrent VTE population would be inaccurate.

Establishing the prevalence of recurrent VTE was a limitation.
The clinical prediction rules used to classify patients into low,
intermediate and high PTP have not been validated for patients
with suspected recurrence. A history of prior VTE would result
in a score of at least 1 or 1.5 using the Wells score and it is
likely that many patients would have at least 1 other criterion
which would result in a moderate or high PTP for VTE. The
prevalence reported in the specific studies evaluating di-
agnostic strategies for recurrent VTE was highly variable.
Taken together, the panel agreed that summarizing the test
performance of diagnostic tests in published management
studies would be more accurate than the modeling done for
the first episode VTE questions.

During a 2-day in-person meeting, the panel developed recom-
mendations based on the evidence summarized in the EtD tables.
For each recommendation, the panel took a population perspec-
tive and agreed on the following: the certainty in the evidence,
the health care–related desirable and undesirable effects of the
compared diagnostic strategy options and the assumptions
about the values and preferences associated with the decision.
The guideline panel also took into account the extent of resource
use associated with alternative diagnostic options. The guideline
panel agreed on the recommendations (including direction and
strength), remarks, and qualifications based on the balance of all
desirable and undesirable consequences.19,20 The draft EtD
frameworks and recommendations were reviewed by all members
of the panel. The final guidelines were reviewed and approved by
the panelists listed as authors.

Interpretation of strong and conditional

recommendations

The recommendations are labeled as either “strong” or “conditional”
according to the GRADE approach. The words “the guideline
panel recommends” are used for strong recommendations, and
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“the guideline panel suggests” for conditional recommendations.
Table 1 provides the suggested interpretation of strong and
conditional recommendations by patients, clinicians, and health
care policy makers.

Document review

Draft recommendations were reviewed by all members of the
panel, revised, and then made available online on 5 December
2017, for external review by stakeholders including allied
organizations, other medical professionals, patients, and the
public. Eight individuals or organizations submitted comments.
The document was revised to address pertinent comments, but
no changes were made to recommendations. On 30 July 2018,
the ASH Guideline Oversight Subcommittee and the ASH
Committee on Quality approved that the defined guideline
development process was followed, and on 3 August 2018, the
officers of the ASH Executive Committee approved submission
of the guidelines for publication under the imprimatur of ASH.
The guidelines were then subjected to peer review by Blood
Advances.

How to use these guidelines

ASH guidelines are primarily intended to help clinicians make
decisions about diagnostic and treatment alternatives. Other
purposes are to inform policy, education, and advocacy and to
state future research needs. They may also be used by patients.
These guidelines are not intended to serve or be construed as a
standard of care. Clinicians must make decisions on the basis
of the clinical presentation of each individual patient, ideally
through a shared process that considers the patient’s values
and preferences with respect to the anticipated outcomes
of the chosen option. Decisions may be constrained by the
realities of a specific clinical setting and local resources,
including but not limited to institutional policies, time limita-
tions, and availability of treatments. These guidelines may not
include all appropriate methods of care for the clinical
scenarios described. As science advances and new evidence
becomes available, recommendations may become outdated.
Following these guidelines cannot guarantee successful

outcomes. ASH does not warrant or guarantee any products
described in these guidelines.

Statements about the underlying values and preferences as well as
qualifying remarks accompanying each recommendation are its
integral parts and serve to facilitate more accurate interpretation.
They should never be omitted when recommendations from these
guidelines are quoted or translated. Implementation of the guide-
lines will be facilitated by the related interactive forthcoming
decision aids. The use of these guidelines is also facilitated by the
links to the EtD frameworks and interactive summary-of-findings
tables in each section.

These guideline recommendations are based on an assessment of
the evidence from clinical studies evaluating diagnostic testing
and management strategies at a population level. However, there
are different considerations to be made when assessing an
individual patient presenting with suspected VTE. The presence of
individual patient comorbidities and the presence of VTE and
bleeding risk factors are important considerations when selecting
diagnostic tests and for decisions regarding anticoagulant use.
Other factors that contribute to variability in clinical practice and
are not necessarily captured in guidelines include the clinical
setting where the patient is assessed, the availability of diagnostic
tests at an institution, the variation in laboratory assays and
imaging techniques, and geographic location. Guidelines cannot
account for the variation that exists at an individual patient level
that might result in a clinical judgment that differs from guideline
recommendations. Ultimately, clinicians must use clinical judg-
ment alongside guideline recommendations in determining the
optimal diagnostic approach.

Recommendations

Diagnosis of PE

The panel judged the ranking of pathways based on predeter-
mined thresholds of acceptable FN and misdiagnosis (FN1FP)
rates for diagnosis of PE. Pathways that provided the best
balance of desirable and undesirable effects remained at or
below a threshold of 20 FN results per 1000 patients tested

Table 1. Interpretation of strong and conditional recommendations

Implications for Strong recommendation Conditional recommendation

Patients Most individuals in this situation would want the recommended
course of action, and only a small proportion would not.

The majority of individuals in this situation would want the
suggested course of action, but many would not. Decision aids
may be useful in helping patients to make decisions consistent
with their individual risks, values, and preferences.

Clinicians Most individuals should receive the intervention. Formal decision
aids are not likely to be needed to help individual patients make
decisions consistent with their values and preferences.

Different choices will be appropriate for individual patients, and
clinicians must help each patient arrive at a management
decision consistent with the patient’s values and preferences.
Decision aids may be useful in helping individuals to make
decisions consistent with their values and preferences.

Policy makers The recommendation can be adopted as policy in most situations.
Adherence to this recommendation according to the guideline
could be used as a quality criterion or performance indicator.

Policymaking will require substantial debate and involvement of
various stakeholders. Performance measures should assess if
decision-making is appropriate.

Researchers The recommendation is supported by credible research or other
convincing judgments that make additional research unlikely to
alter the recommendation. On occasion, a strong
recommendation is based on low or very low certainty in the
evidence. In such instances, further research may provide
important information that alters the recommendations.

The recommendation is likely to be strengthened (for future
updates or adaptation) by additional research. An evaluation of
the conditions and criteria (and the related judgments, research
evidence, and additional considerations) that determined the
conditional (rather than strong) recommendation will help
identify possible research gaps.
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(#2%) and a threshold of 50 misdiagnosed results per 1000
patients tested (FN1FP # 5%).

Summary of evidence. We included a total of 53 studies
and 28 969 patients to inform estimates of test accuracy
(Table 2). Additionally, we included 22 studies and 15 865
patients to inform estimates of effects of performing a test on
patient important outcomes for patients suspected of having PE.
The references for the included studies are as follows:
CTPA,28-42 D-dimer,30,31,36,38-40,43-66 age-adjusted D-dimer,40

proximal compression ultrasound,39,67-72 VQ.28,30,34,68,71,73-80

Low PTP/prevalence (£5%)

Question: In a patient population with a low clinical probability of
PE, what is the optimal diagnostic strategy to evaluate for
suspected first episode PE?

Recommendation 1a

The ASH guideline panel recommends using a strategy starting
with D-dimer for excluding PE in a population with low
prevalence/PTP (#5%), followed by VQ scan or CTPA for pa-
tients requiring additional testing. If D-dimer is not readily avail-
able, alternate acceptable strategies include performing VQ
scan or CTPA alone. (Strong recommendation for D-dimer
based on high certainty in the evidence of effects on clinical
outcomes ÅÅÅÅ and moderate certainty in the evidence of
diagnostic accuracy studies ÅÅÅ◯; conditional recommenda-
tion for VQ scan or CTPA based on very low certainty in the
evidence of effects on clinical outcomes Å◯◯◯ and low cer-
tainty in the evidence from diagnostic accuracy studies ÅÅ◯◯).

Remarks:

c For patients presenting to an emergency department with a
low probability of PE, PERC may be used to determine
whether D-dimer testing is warranted.

c Validated clinical decision rules were used to assess
clinical probability of PE in studies evaluating different
diagnostic strategies for patients suspected of having a first
episode PE. The Geneva score has been validated only in an
outpatient population. If a 2-level clinical decision rule is used,
this recommendation corresponds to the “unlikely PE”
category. A decision to start with D-dimer assumes the results
will be obtained in a timely manner and that the cost of D-dimer
screening is offset by avoiding unnecessary VQ or CTPA for
patients at low PTP for PE. If the D-dimer strategy is followed, a
highly sensitive D-dimer assay is required. A negative D-dimer
rules out PE and no additional testing or anticoagulation is
required. D-dimer has limited utility in hospitalized patients and
in certain patient populations (postsurgical, pregnant) due to
the high frequency of positive D-dimer results with standard
thresholds.

c Use of an age-adjusted D-dimer cutoff in outpatients older
than 50 years is as safe as the standard cutoff and
increases the diagnostic utility of the test. Age-adjusted
cutoff 5 age (years) 3 10 mg/L (using D-dimer assays with
a cutoff of 500 mg/L).

c VQ scan is preferred over CTPA as the subsequent test to
limit radiation exposure for patients likely to have a
diagnostic scan, and in centers where VQ scans are

Table 2. Summary of results of studies informing sensitivity and specificity of tests for diagnosis of PE

Test No. of participants (studies) Sensitivity (95% CI) Specificity (95% CI) Quality of evidence

CTPA 3 929 (15) 0.93 (0.88-0.96) 0.98 (0.96-0.99) Moderate*,†,‡

D-dimer 20 568 (30) 0.97 (0.96-0.98) 0.39 (0.36-0.43) Moderate*,†,§

Age-adjusted D-dimer 2 885 (1) 0.99 (0.98-1.00) 0.47(0.45-0.49) High||

Proximal ultrasound 1 715 (7) 0.49 (0.31-0.66) 0.96 (0.95-0.98) Low*,{,#
VQ 1 3 994 (13) 0.58 (0.50-0.66) 0.98 (0.96-0.99) Moderate*,†,**

VQ 2 3 994 (13) 0.98 (0.95-0.99) 0.36 (0.27-0.45) Moderate*,†,††

VQ 3 3 994 (13) 0.96 (0.91-0.98) 0.95 (0.89-0.98) High*,†,‡,‡

CI, confidence interval; VQ 1, high probability scan interpreted as positive, low/nondiagnostic/normal scan interpreted as negative; VQ 2, high/low/nondiagnostic probability scan
interpreted as positive, normal scan interpreted as negative; VQ 3, high probability scan interpreted as positive, normal scan interpreted as negative.
*Certainty in evidence not downgraded for risk of bias, although few studies had a combination of reference standards that were judged to be acceptable by a panel of clinical experts.
†Certainty in evidence was downgraded for indirectness in instances where this test was not the index test in a diagnostic pathway. There was a lack of data on the accuracy of this test

following a previous test in a pathway. Thus, sensitivity and specificity used for modeling in these instances were based on the test accuracy of the individual test rather than using the test in
a pathway.
‡Certainty in evidence was downgraded for serious unexplained inconsistency in sensitivity, with a range from 63% to 99.2%. Minor inconsistency for specificity noted but judged to be

insufficient to downgrade the certainty in evidence.
§Minor inconsistency for sensitivity noted but judged to be insufficient to downgrade the certainty in evidence. Certainty in evidence was downgraded for serious unexplained inconsistency

in specificity, with a range from 12.8% to 64%.
||Certainty in evidence not downgraded for imprecision given the large population size, although only 1 prospective age-adjusted D-dimer study was identified for analysis.
{Certainty in evidence was downgraded for serious unexplained inconsistency in sensitivity, with a range from 18.4% to 96.7%. Minor inconsistency for specificity noted but judged to be

insufficient to downgrade the certainty in evidence.
#Certainty in evidence downgraded for indirectness because of lack of data on the accuracy of this test following a previous test in a pathway. Sensitivity and specificity used for modeling

are based on the test accuracy of the individual test rather than using the test in a pathway.
**Certainty in evidence was downgraded for serious unexplained inconsistency in sensitivity, with a range from 13.9% to 84.6%. Minor inconsistency for specificity noted but judged to be

insufficient to downgrade the certainty in evidence.
††Minor inconsistency for sensitivity noted but judged to be insufficient to downgrade the certainty in evidence. Certainty in evidence was downgraded for serious unexplained

inconsistency in specificity, with a range from 10.9% to 81.8%.
‡‡Minor inconsistency for sensitivity and specificity noted but judged to be insufficient to downgrade the certainty in evidence.
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available with expertise to interpret the results in a timely
manner. CTPA is preferred when VQ scan is not feasible.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal D-dimer or CTPA results
may require repeat testing or an alternate strategy. If the VQ
scan is nondiagnostic, additional testing with proximal
ultrasound of the lower extremities or CTPA should be
considered.

Recommendation 1b

The ASH guideline panel recommends against using a positive
D-dimer alone to diagnose PE, and against additional testing
following negative CTPA or normal VQ scan in a popula-
tion with low prevalence/PTP (#5%). (See grading for
recommendation 1a.)

Figure 1 presents a flowchart of recommendations 1a and b.

Benefits, harms, and burden. For a population with low clinical
probability of PE, threshold criteria were met by pathways starting with
D-dimer where patients with a positive D-dimer subsequently un-
derwent testing with CTPA or VQ scan, then patients with non-
diagnostic VQ scans received proximal ultrasound or CTPA. Pathways
with no follow-up testing for positive D-dimer patients resulted in a large
number of FP results. CTPA used as the sole diagnostic tool was
adequate for meeting these threshold criteria. The addition of sub-
sequent tests including D-dimer, compression ultrasound, or VQ after
CTPA increased the FP rate beyond acceptable thresholds. Pathways
starting with VQ scan met threshold criteria if nondiagnostic scans were
followed by additional testing (CTPA or compression ultrasound). The
EtD framework is online at: https://dbep.gradepro.org/profile/
e9600faf-99bc-4ade-9f2f-70bf6e078f9e.

Intermediate PTP/prevalence (∼20%)

Question: In a patient population with an intermediate clinical
probability of PE, what is the optimal diagnostic strategy to evaluate
for suspected first episode PE?

Recommendation 2a

The ASH guideline panel suggests using a strategy starting with
D-dimer for excluding PE in a population with intermediate
prevalence/PTP (;20%), followed by VQ scan or CTPA for pa-
tients requiring additional testing. If D-dimer is not readily available,
alternate acceptable strategies include performing VQ scan or
CTPA alone. Patients who are likely to have a nondiagnostic VQ
scan should undergo CTPA. (Conditional recommendation for D-
dimer based on high certainty in the evidence of effects on clinical
outcomes ÅÅÅÅ and moderate certainty in the evidence about
diagnostic accuracy studiesÅÅÅ◯; conditional recommendation
for VQ scan or CTPA based on very low certainty in the evidence
of effects on clinical outcomes Å◯◯◯ and moderate certainty in
the evidence from diagnostic accuracy studies ÅÅÅ◯).

Remarks:

c Validated clinical decision rules were used to assess clinical
probability of PE in studies evaluating different diagnostic
strategies for patients suspected of having a first episode PE.
The Geneva score has been validated only in an outpatient
population.

c A decision to start with D-dimer assumes the results will be
obtained in a timely manner and that the cost of D-dimer
screening is offset by avoiding unnecessary VQ and CTPA for
patients at intermediate PTP for PE. If the D-dimer strategy is
followed, a highly sensitive D-dimer assay is required. A
negative D-dimer rules out PE and no additional testing or
anticoagulation is required. D-dimer has limited utility in
hospitalized patients and in certain patient populations
(postsurgical, pregnant) due to the high frequency of positive
D-dimer results with standard thresholds.

c Use of an age-adjusted D-dimer cutoff in outpatients older
than 50 years is as safe as the standard cutoff and
increases the diagnostic utility of the test. Age-adjusted
cutoff 5 age (years) 3 10 mg/L (using D-dimer assays
with a cutoff of 500 mg/L).

c VQ scan is preferred over CTPA as the subsequent test
to limit radiation exposure for patients likely to have a
diagnostic scan, and in centers where VQ scans are
available with expertise to interpret the results in a
timely manner. CTPA is preferred when VQ scan is not
feasible.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal D-dimer or CTPA results may
require repeat testing or an alternate strategy. If the VQ scan is
nondiagnostic, additional testing with CTPA should be
considered.

Recommendation 2b

The ASH guideline panel recommends against using a positive
D-dimer alone to diagnose PE, and against additional testing
following negative CTPA or normal VQ scan in a population with
intermediate prevalence/PTP (;20%). (See grading for rec-
ommendation 2a.)

Figure 2 presents a flowchart of recommendations 2a and b.

Benefits, harms, and burden. For a population with intermediate
clinical probability of PE, threshold criteria were met by pathways
starting with D-dimer where patients with a positive D-dimer sub-
sequently underwent testing by CTPA or VQ scan, then patients with
nondiagnostic VQ scans received CTPA. Pathways with no follow-up
testing for positive D-dimer patients resulted in a large number of FP
results. CTPA used as the sole diagnostic tool was adequate for
meeting these threshold criteria. The addition of subsequent tests
including D-dimer, proximal ultrasound, or VQ scan after CTPA
increased the FP rate beyond acceptable criteria. Pathways starting
with VQ scan met threshold criteria if nondiagnostic scans were
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followed by CTPA. The EtD framework is shown at: https://dbep.
gradepro.org/profile/2d575b1d-8e36-43db-8805-713732e1508a.

High PTP/prevalence (‡50%)

Question: In a patient population with a high clinical probability of
PE, what is the optimal diagnostic strategy to evaluate for
suspected first episode PE?

Recommendation 3a

The ASH guideline panel suggests using a strategy starting with
CTPA for assessing patients suspected of having PE in a pop-
ulation with high prevalence/PTP ($50%). (Conditional recom-
mendation for CTPA based on very low certainty in the evidence
of effects on clinical outcomes Å◯◯◯ and moderate certainty in
the evidence of diagnostic accuracy studies ÅÅÅ◯).

Remarks:

c Validated clinical decision rules were used to assess
clinical probability of PE in studies evaluating different
diagnostic strategies for patients suspected of having a
first episode PE. The Geneva score has been validated
only in an outpatient population. If a 2-level clinical
decision rule is used, this recommendation corresponds
to the “likely PE” category.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal CTPA results may require
repeat testing.

c If CTPA is not feasible (eg, contrast dye allergy,
renal disease, unavailability), VQ scan may be

CDR

Suspected 1st episode PE*

Low Clinical
PTP

Non-low
Clinical PTP**

D-Dimer ***

D-Dimer
Not Available

VQ Scan
Not Available

Proximal US
Not Available CTPA

High Probability PE

Negative

Negative Negative

No PE

Positive Positive

PE PENo PE

Normal

Positive

VQ Scan****

Non-diagnostic

Proximal US

Figure 1. Flowchart for recommendations 1a and b (diagnosis of PE for patients with low PTP/prevalence [£5%]). *Hemodynamically stable, nonpregnant patient.

**See other algorithms. ***Highly sensitive D-dimer. ****If feasible. CDR, clinical decision rule; US, ultrasound.
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acceptable if nondiagnostic scans are followed by addi-
tional testing.

c In cases where clinical suspicion for PE remains high
with a negative initial CTPA, additional testing with VQ
scan or proximal ultrasound of the lower extremities
may be considered.

Recommendation 3b

The ASH guideline panel recommends against using a positive
D-dimer alone to diagnose PE, and against using D-dimer as a
subsequent test following a negative CT scan in a population
with high prevalence/PTP ($50%). (See grading for recom-
mendation 3a.)

Figure 3 presents a flowchart of recommendations 3a and b.

Benefits, harms, and burden. For a population with high
clinical probability of PE, a negative CTPA alone did not meet
the threshold criteria. The addition of subsequent tests including
D-dimer, proximal ultrasound, or VQ scan after CTPA met
threshold criteria. Specifically, after negative CTPA, additional
testing with proximal ultrasound, positive D-dimer followed by
proximal ultrasound or VQ scan where nondiagnostic scans
were followed by proximal ultrasound met threshold criteria for
acceptability. Possibly acceptable pathways included VQ scan
where nondiagnostic scans were followed by CTPA, and D-
dimer where positive results were followed by CTPA or VQ
scan. The panel discussed the utility of performing additional
testing following a negative CTPA. The diagnostic test accuracy
studies included in the systematic review did not specify the level of
the PE diagnosed (eg, mainstem, lobar, segmental, or subsegmen-
tal) and estimates reflect a combination of PE at all levels. The panel

CDR

Suspected 1st episode PE*

Intermediate Clinical
PTP

Low or High
PTP**

D-Dimer***

D-Dimer
Not Available

VQ Scan
Not Available

High Probability PE

Negative

Negative

No PE

Positive

PE

Normal

Positive

VQ Scan****

Non-diagnostic

CTPA

Figure 2. Flowchart for recommendations 2a and b (diagnosis of PE for patients with intermediate PTP/prevalence [∼20%]). *Hemodynamically stable,

nonpregnant patient. **See other algorithms. ***Highly sensitive D-dimer. ****If feasible.
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felt that the rate of FN scans for clinically significant PE was low, and
that additional testing was unlikely to be of value. However, the
panel acknowledged there may be clinical circumstances where
additional testing following a negative CTPA may be considered
based on clinical judgment. Pathways starting with VQ scan where
nondiagnostic results were followed by proximal ultrasound, and
any pathway with no follow-up testing for positive D-dimer patients
resulted in a large number of positive results. The EtD framework is
shown at: https://dbep.gradepro.org/profile/6affa6fc-0c1c-44e0-
a901-2558ee36032b.

Recurrent PE

Question: For patients with a prior history of PE, what is the optimal
diagnostic strategy to evaluate for suspected recurrent PE?

Recommendation 4

The ASH guideline panel suggests using a strategy starting with
D-dimer for excluding recurrent PE in a population with unlikely
PTP. Patients with a positive D-dimer or those who have a likely
PTP should undergo CTPA. (Conditional recommendation for D-
dimer and CTPA based on low certainty in the evidence of ef-
fects on clinical outcomes ÅÅ◯◯ and moderate certainty in the
evidence from diagnostic accuracy studies ÅÅÅ◯).

Remarks:

c In studies assessing this diagnostic strategy for patients
suspected of having recurrent PE, Wells and Geneva

Negative Positive

Negative

No PE

Positive

PE

VQ ScanD-Dimer

Proximal
US ****

No PE

High ProbabilityNormal Non-diagnostic

CDR

Suspected 1st episode PE*

High Clinical
PTP

Non-high
Clinical PTP**

CTPA CTPA
Not Available

PEPositiveNegative ***

Figure 3. Flowchart for recommendations 3a and b (diagnosis of PE for patients with high PTP/prevalence [‡50%]). *Hemodynamically stable, nonpregnant

patient. **See other algorithms. ***In selected situations, negative CTPA may be sufficient to rule out PE. ****Serial proximal US if clinical PTP .50%.
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scores were used to assess clinical probability of
recurrent PE. Previous VTE is a predictor in these
scores, but the Wells and Geneva scores have not been
specifically validated for patients with suspected re-
current PE.

c A decision to start with D-dimer assumes the results will
be obtained in a timely manner and that the cost of D-
dimer screening is offset by avoiding unnecessary VQ or
CTPA for patients at unlikely PTP for recurrent PE. If the
D-dimer strategy is followed, a highly sensitive D-dimer
assay is required. A negative D-dimer rules out PE and
no additional testing or anticoagulation is required. D-
dimer has limited utility in hospitalized patients and in
certain patient populations (postsurgical, pregnancy)
due to the high frequency of positive D-dimer results

with standard thresholds. There are limited data on the
utility of D-dimer for patients receiving anticoagulant
therapy who present with suspected recurrent PE.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal CTPA results may require
repeat testing.

c If prior imaging is available, comparison of the previous
and current imaging is warranted to determine whether the
findings are new and represent recurrent PE.

Figure 4 presents a flowchart of recommendation 4.

Summary of evidence. We included a total of 4 studies and
1296 patients to inform the optimal diagnostic algorithm for
patients suspected of recurrent PE (Table 3). The references for

Negative Positive

No Recurrent
PE

Recurrent
PE

D-Dimer**

CDR

Suspected Recurrent PE*

Unlikely Clinical
PTP

Likely Clinical
PTP

CTPA

PositiveNegative

Figure 4. Flowchart for recommendation 4 (diagnosis of recurrent

PE). *Hemodynamically stable, nonpregnant patient. **Highly sensitive

D-dimer.

Table 3. Summary of results of studies informing sensitivity and specificity of tests for diagnosis of recurrent PE

Test No. of participants (studies) Sensitivity (95% CI) Specificity (95% CI) Quality of evidence

D-dimer for low PTP, CTPA for low PTP
with positive D-dimer and high PTP

992 (3) 0.97 (0.94-0.98) 1.00 (0.99-1.00) Moderate*

D-dimer 304 (1) 1.00 (0.97-1.00) 0.27 (0.21-0.34) Low†,‡

*Certainty in evidence was downgraded for imprecision given the small population size from the 3 recurrent PE studies identified for analysis.
†Certainty in evidence was downgraded for imprecision given the small population size from the 1 recurrent PE study identified for analysis.
‡Certainty in evidence was downgraded for risk of bias due to a secondary analysis of 2 prospective multicenter studies with a mixed population of recurrent and first-

time PE patients.
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the included studies are as follows: D-dimer for low PTP, CTPA
for low PTP with positive D-dimer and high PTP,16,81,82

D-dimer.83

Benefits, harms, and burden. For a population with
suspected recurrent PE, no modeling of outcomes was
performed and recommendations are based on diagnostic
pathways used in management studies. The EtD framework is
shown at: https://dbep.gradepro.org/profile/dc56e5e0-1329-
450a-882f-b7c96b1572ef.

Other EtD criteria and considerations for PE
recommendations. Table 4 presents imaging consider-
ations for VQ scan and CTPA for patients with suspected PE.

Conclusions and research needs for PE recommendations.
The guideline panel determined that for D-dimer, there is high
certainty evidence for using D-dimer to exclude PE for
patients with low PTP/prevalence, moderate certainty evi-
dence for patients with intermediate PTP/prevalence and very

low/low evidence for patients with suspected recurrence.
CTPA can be used as the only test in low and intermediate
PTP/prevalence populations. In a high PTP/prevalence
population, CTPA is recommended. Although additional
testing following a negative CTPA improved acceptable FN
and misdiagnosis rates in our modeling, the panel felt that the
FN rate for clinically significant PE was low and that routine
additional testing following a negative CTPA should only be
considered on an individual basis. Patients with nondiagnos-
tic VQ scan results require additional testing, hence selecting
patients likely to have a nondiagnostic VQ scan to undergo
CTPA is appropriate. There is a need to validate clinical
prediction rules for patients with recurrent PE. The clinical
relevance of CTPA findings of subsegmental PE are uncertain
and research into optimal management is needed. Newer diagnostic
modalities for PE diagnosis, including VQSPECT, SPECTCT, andMRI
require further validation in management studies.

Diagnosis of lower extremity DVT

The panel judged the ranking of pathways based on prede-
termined thresholds of acceptable FN and misdiagnosis (FN1
FP) rates for diagnosis of DVT. Pathways that provided the
best balance of desirable and undesirable effects remained at
or below a threshold of 20 FN results per 1000 patients tested
(#2%) and a threshold of 50 misdiagnosed results per 1000
patients tested (FN1FP # 5%).

Summary of evidence. We included a total of 36 studies
and 10 592 patients to inform test accuracy results (Table 5).
Additionally, we included 9 studies and 5126 patients to inform the
effect of performing a test on patient important outcomes for
patients suspected of having DVT. The references for the included
studies are as follows: proximal compression ultrasound84-96; whole-
leg ultrasound97-103; serial ultrasound84,88,104-107; D-dimer.106-119

Low PTP/prevalence (£10%)

Question: In a patient population with a low clinical probability of
lower extremity DVT, what is the optimal diagnostic strategy to
evaluate for suspected first episode DVT?

Recommendation 5a

The ASH guideline panel recommends using a strategy
starting with D-dimer for excluding DVT in a population with
low prevalence/PTP (# 10%), followed by proximal lower

Table 4. Imaging considerations for VQ scan and CTPA in

suspected PE

Clinical criteria or concern V/Q CTPA

At risk for reaction to contrast media requiring premedication 1 2*

Concern over radiation to breast tissue in women 1 2

Renal insufficiency 1 2

Suspected VTE recurrence or treatment failure with index
PE diagnosed by VQ scan

1 2

Suspected VTE recurrence or treatment failure with index
PE diagnosed by CTPA

1 1/2

Concern over radiation to the fetus, especially first trimester 1/2 1/2

Minimizing the risk of missed VTE on initial imaging detected
at 3 mo

1/2 1/2

Timely result required and both modalities accessible 2 1

Alternative or concomitant diagnosis actively sought
(eg, malignancy, pneumonia)

2 1

Abnormalities present on plain radiography (eg, hyperinflation,
pleural effusion or other)

2 1

Limited institutional access or expertise in nuclear medicine 2 1

1, preferred; 2, suboptimal; 1/2, roughly equivalent.
*Various preparatory regimens exist to dampen what would be anticipated as a mild or

moderate allergic reaction but result in imaging delays.

Table 5. Summary of results of studies informing sensitivity and specificity of tests for diagnosis of lower extremity DVT

Test No. of participants (studies) Sensitivity (95% CI) Specificity (95% CI) Quality of evidence

Proximal compression ultrasound 2889 (12) 0.90 (0.87-0.93) 0.99 (0.98-0.99) High*,†,‡

Whole-leg ultrasound 1035 (7) 0.93 (0.89-0.96) 0.98 (0.93-0.99) High*,†,‡

Serial ultrasound 2415 (6) 0.98 (0.96-0.99) 0.998 (0.993-0.999) High*,†,‡

D-dimer 4409 (14) 0.96 (0.92-0.98) 0.35 (0.28-0.43) Moderate*,†,§

*Certainty in evidence not downgraded for risk of bias, although few studies had a combination of reference standards that were judged to be acceptable by a panel of clinical
experts.
†Certainty in evidence was downgraded for indirectness in instances where this test was not the index test in a diagnostic pathway. There was a lack of data on the accuracy of

this test following a previous test in a pathway. Thus, sensitivity and specificity used for modeling in these instances were based on the test accuracy of the individual test rather
than using the test in a pathway.
‡Minor inconsistency for sensitivity and specificity noted but judged to be insufficient to downgrade the certainty in evidence.
§Minor inconsistency for sensitivity noted but judged to be insufficient to downgrade the certainty in evidence. Quality of evidence was downgraded for serious unexplained inconsistency

in specificity, with range from 16.3% to 92.2%. Multiple sensitivity analyses could not provide an explanation.
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extremity ultrasound or whole-leg ultrasound for patients re-
quiring additional testing. If D-dimer is not readily available, al-
ternate acceptable strategies include performing proximal
lower extremity or whole-leg ultrasound alone. (Strong rec-
ommendation for D-dimer based on moderate certainty in the
evidence of effects on clinical outcomes ÅÅÅ◯ and moderate
certainty in the evidence of diagnostic accuracy studies
ÅÅÅ◯; conditional recommendation for proximal or whole-leg
ultrasound based on very low certainty in the evidence of ef-
fects on clinical outcomesÅ◯◯◯ and moderate certainty in the
evidence from diagnostic accuracy studies ÅÅÅ◯).

Remarks:

c Validated clinical decision rules were used to assess
clinical probability of DVT in studies evaluating different
diagnostic strategies for patients suspected of having a
first episode DVT. If a 2-level clinical decision rule is
used, this recommendation corresponds to the “un-
likely DVT” category.

c A decision to start with D-dimer assumes the results will
be obtained in a timely manner and that the cost of
D-dimer screening is offset by avoiding unnecessary

proximal or whole-leg ultrasound for patients at low PTP
for DVT. If the D-dimer strategy is followed, a highly
sensitive D-dimer assay is required. A negative D-dimer
rules out DVT and no additional testing or anticoagula-
tion is required. D-dimer has limited utility in hospitalized
patients and in certain patient populations (postsurgi-
cal, pregnant) due to the high frequency of positive D-
dimer results with standard thresholds.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal D-dimer or ultrasound
results may require repeat testing.

Recommendation 5b

The ASH guideline panel recommends against using a positive
D-dimer alone to diagnose DVT, and against additional testing
following negative proximal or whole-leg ultrasound in a pop-
ulation with low prevalence/PTP (#10%). (See grading for
recommendation 5a.)

Figure 5 presents a flowchart of recommendations 5a and b.

Benefits, harms, and burden. For a population with low clinical
probability of DVT, proximal or whole-leg ultrasound used as a sole
diagnostic tool was adequate for meeting the preestablished threshold
criteria. The addition of subsequent tests such as D-dimer or serial
ultrasound following initial ultrasound met criteria but added additional
testing to the pathway. Pathways with no follow-up testing for positive D-
dimer patients resulted in a large number of FP results. Pathways starting
with D-dimer where positive results were followed by compression
ultrasound, serial ultrasound, or whole-leg ultrasound met threshold
criteria. The EtD framework is shown at: https://dbep.gradepro.org/
profile/c039b042-6668-4b66-b2a8-cbd6e0397f9c.

Intermediate PTP/prevalence (∼25%)

Question: In a patient population with an intermediate clinical
probability of lower extremity DVT, what is the optimal diagnostic
strategy to evaluate for suspected first episode DVT?

Recommendation 6a

The ASH guideline panel suggests using a strategy using
whole-leg ultrasound, or starting with proximal lower ex-
tremity ultrasound for evaluating patients suspected of
having DVT in a population with intermediate prevalence/
PTP (;25%). No further testing is required if the whole-leg
ultrasound is negative, but a negative initial proximal ultra-
sound should be followed by serial proximal ultrasound if no
alternative diagnosis is identified. In an intermediate PTP
population where the prevalence is lower, other potentially
acceptable strategies include proximal lower extremity ul-
trasound alone with no additional follow-up testing for neg-
ative results, or a strategy starting with D-dimer for excluding
DVT followed by proximal lower extremity ultrasound or
whole-leg ultrasound for patients requiring additional testing.
(Conditional recommendation for proximal or whole-leg ultrasound

Suspected Lower
Extremity DVT*

CDR

Low Clinical
PTP

Non-low
Clinical PTP**

D-Dimer ***

D-Dimer
Not Available

Negative Positive

Proximal US/
Whole leg US

PositiveNegative

No LE DVT LE DVT

Figure 5. Flowchart for recommendations 5a and b (diagnosis of DVT for

patients with low PTP/prevalence [£10%]). *Hemodynamically stable, non-

pregnant patient. **See other algorithms. ***Highly sensitive D-dimer. LE DVT, lower

extremity deep vein thrombosis.
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based on very low certainty in the evidence of effects on clinical
outcomes Å◯◯◯ and high certainty in the evidence from di-
agnostic accuracy studies ÅÅÅÅ; conditional recommendation
for D-dimer based onmoderate certainty in the evidence of effects
on clinical outcomes ÅÅÅ◯ and moderate certainty in the evi-
dence from diagnostic accuracy studies ÅÅÅ◯).

Remarks:

c Validated clinical decision rules were used to assess
clinical probability of DVT in studies evaluating different
diagnostic strategies for patients suspected of having a
first episode DVT.

c Studies where patients are determined to have an
intermediate PTP for DVT have prevalence estimates
of ;13% to 24%.26 A decision to use a D-dimer
strategy in an intermediate PTP population assumes
the prevalence is ;15% or less. A decision to start with
D-dimer assumes the results will be obtained in a timely
manner and that the cost of D-dimer screening is offset
by avoiding unnecessary ultrasound for patients at
intermediate PTP for DVT. If the D-dimer strategy is
followed, a highly sensitive D-dimer assay is required. A
negative D-dimer rules out DVT and no additional testing or
anticoagulation is required. D-dimer has limited utility in

hospitalized patients and in certain patient populations (post-
surgical, pregnant) due to the high frequency of positive D-
dimer results with standard thresholds.

c The strategy assumes that test results are obtained
under optimal conditions. Suboptimal D-dimer or ultra-
sound results may require repeat testing.

c Serial ultrasound is defined as 1 additional ultrasound in 1
week following the initial ultrasound.

Recommendation 6b

The ASH guideline panel recommends against using a
positive D-dimer alone to diagnose DVT in a population with
intermediate prevalence/PTP (;25%). (See grading for recom-
mendation 6a.)

Figure 6 presents a flowchart of recommendations 6a and b.

Benefits, harms, and burden. For a population with intermedi-
ate clinical probability of DVT where the prevalence was modeled at
25%, whole-leg ultrasound as the sole diagnostic tool met the
threshold criteria, or proximal lower extremity ultrasound as long as
negative results were followed by serial proximal ultrasound. At a
lower intermediate prevalence of 15%, proximal ultrasound alone was
acceptable, as was use of D-dimer followed by proximal or whole-leg
ultrasound. Any pathways with no follow-up testing for positive D-
dimer results yielded a large number of FP results. Pathways starting
with D-dimer resulted in a large number of FP results despite follow-
up testing for positive D-dimer results.

Intermediate probability encompasses a range of prevalence estimates; at
lower DVT prevalences of 15% or less, threshold criteria for acceptability
were met by pathways using D-dimer to exclude a diagnosis of DVT, and
pathways using proximal or whole-leg ultrasound as the only diagnostic
test. The EtD framework is shown at: https://dbep.gradepro.org/
profile/6e603c3b-fdf2-478b-9abb-bf09ea983839.

High PTP/prevalence (‡50%)

Question: In a patient population with a high clinical probability of
lower extremity DVT, what is the optimal diagnostic strategy to
evaluate for suspected first episode DVT?

Recommendation 7a

The ASH guideline panel suggests using a strategy starting with
proximal lower extremity or whole-leg ultrasound for assessing
patients suspected of having DVT in a population with high
prevalence/PTP ($50%). This should be followed by serial ultra-
sound if the initial ultrasound is negative and no alternative di-
agnosis is identified. (Conditional recommendation for proximal or
whole-leg ultrasound based on very low certainty in the evidence
of effects on clinical outcomes Å◯◯◯ and high certainty in the
evidence from diagnostic accuracy studies ÅÅÅÅ).

Suspected Lower
Extremity DVT*

CDR

Low or High
Clinical PTP**

Intermediate
Clinical PTP

Positive
Proximal US/
Whole leg US

Negative Positive

PositiveNegative

No LE DVT LE DVT

Serial US

D-Dimer***

Figure 6. Flowchart for recommendations 6a and b (diagnosis of DVT

for patients with intermediate PTP/prevalence [∼25%]). *Hemodynamically

stable, nonpregnant patient. **See other algorithms. ***Highly sensitive D-dimer.
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Remarks:

c Validated clinical decision rules were used to assess clinical
probability of DVT in studies evaluating different diagnostic
strategies for patients suspected of having a first episode DVT.
If a 2-level clinical decision rule is used, this recommendation
corresponds to the “likely DVT” category.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal ultrasound results may require
repeat testing.

Recommendation 7b

The ASH guideline panel recommends against using a positive D-
dimer alone to diagnose DVT in a population with high prevalence/
PTP ($50%). (See grading for recommendation 7a.)

Figure 7 presents a flowchart of recommendations 7a and b.

Benefits, harms, and burden. For a population with high
clinical probability of DVT, proximal or whole-leg ultrasound used
as the sole diagnostic tool was not adequate for meeting the
threshold criteria. The addition of subsequent tests such as D-dimer
or serial ultrasound made the pathway acceptable, as long as
positive D-dimer results were followed up with serial ultrasound.
Pathways with no follow-up testing for positive D-dimer results
yielded a large number of FP results. Pathways starting with D-dimer
resulted in a large number of FN results despite follow-up testing for
positive D-dimer results. The EtD framework is shown at: https://dbep.
gradepro.org/profile/514261d1-957b-4bd0-a137-74cb6878e1f1.

Recurrent DVT (lower extremity)

Question: For patients with a prior history of DVT, what is the optimal
diagnostic strategy to evaluate for suspected recurrent DVT?

Recommendation 8

The ASH guideline panel suggests using a strategy starting
with D-dimer for excluding recurrent DVT in a population with
unlikely PTP. Patients with positive D-dimer or those who have

Suspected Lower
Extremity DVT*

CDR

High
Clinical PTP

Proximal US/
whole leg US

Non-High
Clinical PTP**

Serial US Negative

Negative Positive

No LE DVT

Positive

LE DVT

Figure 7. Flowchart for recommendations 7a and b (diagnosis of

DVT for patients with high PTP/prevalence [‡50%]). *Hemodynami-

cally stable, nonpregnant patient. **See other algorithms.

3246 LIM et al 27 NOVEMBER 2018 x VOLUME 2, NUMBER 22

D
o
w
n
l
o
a
d
e
d
 
f
r
o
m
 
h
t
t
p
:
/
/
a
s
h
p
u
b
l
i
c
a
t
i
o
n
s
.
o
r
g
/
b
l
o
o
d
a
d
v
a
n
c
e
s
/
a
r
t
i
c
l
e
-
p
d
f
/
2
/
2
2
/
3
2
2
6
/
1
9
1
5
4
2
5
/
a
d
v
a
n
c
e
s
0
2
4
8
2
8
c
g
.
p
d
f
 
b
y
 
g
u
e
s
t
 
o
n
 
3
1
 
M
a
y
 
2
0
2
6

https://dbep.gradepro.org/profile/514261d1-957b-4bd0-a137-74cb6878e1f1
https://dbep.gradepro.org/profile/514261d1-957b-4bd0-a137-74cb6878e1f1


likely PTP should undergo proximal lower extremity ultrasound.
(Conditional recommendation for D-dimer and ultrasound
based on low certainty in the evidence of effects on clinical
outcomes ÅÅ◯◯ and low certainty in the evidence from di-
agnostic accuracy studies ÅÅ◯◯).

Remarks:

c In studies assessing this diagnostic strategy for patients
suspected of having recurrent DVT, a modified Wells score
was used to assess clinical probability of suspected
recurrent DVT.

c A decision to start with D-dimer assumes the results will be
obtained in a timely manner and that the cost of D-dimer

screening is offset by avoiding unnecessary ultrasound for
patients at unlikely PTP for DVT. If the D-dimer strategy is
followed, a highly sensitive D-dimer assay is required. A
negative D-dimer rules out DVT and no additional testing or
anticoagulation is required. D-dimer has limited utility in
hospitalized patients and in certain patient populations (post-
surgical, pregnant) due to the high frequency of positive
D-dimer results with standard thresholds. There are limited
data on the utility of D-dimer for patients receiving anticoag-
ulant therapy who present with suspected recurrent DVT.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal D-dimer or ultrasound results
may require repeat testing.

c If clinical suspicion remains high following a negative initial
ultrasound, serial ultrasound could be considered.

c If prior imaging is available, comparison of the previous and
current imaging is warranted to determine whether the findings
are new and represent recurrent PE. Studies evaluating
compression ultrasound findings of recurrent DVT generally
consider involvement of a new venous segment or increase
in noncompressibility of .4 mm as diagnostic of recurrent
DVT.

Figure 8 presents a flowchart of recommendations 8a and b.

Summary of evidence. We included a total of 2 studies and
310 patients to inform the optimal diagnostic algorithm for patients
suspected of recurrent DVT (Table 6).

Benefits, harms, and burden. For a population with
suspected recurrent DVT, no modeling of outcomes was
performed and recommendations are based on diagnostic
pathways used in management studies. The EtD framework is
shown at: https://dbep.gradepro.org/profile/37638e9e-85a2-
499b-8aed-44e2ef55806b.

Other EtD criteria and considerations for DVT (lower
extremity) recommendations. None.

Conclusions and research needs for DVT (lower ex-
tremity) recommendations. The guideline panel determined
that there is high certainty evidence for using D-dimer to exclude
DVT for patients with low prevalence/PTP. In an intermediate
prevalence population with a prevalence of ;15%, there is
moderate certainty evidence for D-dimer, but as the prevalence
increases, the utility of D-dimer decreases. There is low to very
low certainty evidence for using D-dimer as the initial test for
patients with suspected recurrent DVT who are determined to

Suspected Recurrent Lower
Extremity DVT*

CDR

Likely
Clinical PTP

Unlikely
Clinical PTP

D-Dimer **

Positive

Proximal US/
Whole leg US

Positive Negative

Recurrent
LE DVT

No Recurrent
LE DVT

Negative

Figure 8. Flowchart for recommendation 8 (diagnosis of recurrent lower

extremity DVT). *Hemodynamically stable, nonpregnant patient. **Highly sensitive D-dimer.

Table 6. Summary of results of studies informing sensitivity and specificity of tests for diagnosis of recurrent DVT

Test No. of participants (studies) Sensitivity (95% CI) Specificity (95% CI) Quality of evidence

D-dimer for low PTP, proximal ultrasound for low
PTP with positive D-dimer and high PTP

105 (1) 0.97 (0.88-0.99) 0.99 (0.86-1.00) Low*

Proximal ultrasound 205 (1) 0.91 (0.80-0.96) 1.00 (0.95-1.00) Low†

Serial ultrasound 205 (1) 0.96 (0.86-0.99) 1.00 (0.95-1.00) Low†

*Certainty in evidence was downgraded for imprecision given the small population size from the 1 recurrent lower extremity DVT study identified for analysis.
†Certainty in evidence was downgraded for imprecision given the small population size from the 1 recurrent lower extremity DVT study identified for analysis.
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have an unlikely PTP using a clinical prediction rule. There is
moderate certainty evidence for using proximal or whole-leg
ultrasound in an intermediate and high prevalence population,
with serial proximal ultrasound or additional testing in high
prevalence populations. There is a need to validate clinical
prediction rules for patients with suspected recurrent DVT, and to
validate ultrasound criteria for recurrent DVT for patients with
abnormal ultrasound findings to distinguish acute from chronic
DVT. Studies are ongoing of newer modalities such as MRI direct
thrombus imaging to assess for acute or chronic thrombus.120

The clinical relevance of ultrasound detection of distal (calf) vein
thrombosis is uncertain, and research into optimal management
is needed.

Diagnosis of upper extremity DVT

Summary of evidence. We included a total of 9 studies and
752 patients to inform estimates of test accuracy (Table 7). Additionally,
we included 3 studies and 500 patients to inform estimates of the
effects of performing a test on patient important outcomes for
patients suspected of having upper extremity DVT. The
references for the included studies are as follows: duplex
ultrasound,121-127 D-dimer.124,128,129

Unlikely PTP/prevalence (10%)

Question: In a patient population with an unlikely clinical probability
of upper extremity DVT, what is the optimal diagnostic strategy to
evaluate for suspected upper extremity DVT?

Recommendation 9a

The ASH guideline panel suggests a strategy starting with
D-dimer for excluding upper extremity DVT in a population
with low prevalence/unlikely PTP (10%), followed by duplex
ultrasound if D-dimer is positive. If D-dimer is not readily
available, performing duplex ultrasound alone is acceptable.
(Conditional recommendation for D-dimer based on very low
certainty in the evidence of effects on clinical outcomes
Å◯◯◯ and moderate certainty in the evidence from di-
agnostic accuracy studies ÅÅÅ◯; conditional recommen-
dation for duplex ultrasound based on very low certainty in
the evidence of effects on clinical outcomes Å◯◯◯ and low
certainty in the evidence from diagnostic accuracy studies
ÅÅ◯◯).

Remarks:

c In studies assessing this diagnostic strategy for patients suspected
of having upper extremity DVT, a dichotomized Constans
score (where score #1 is unlikely and $2 is likely) was used to
assess clinical probability of suspected upper extremity DVT.

c A decision to start with D-dimer assumes the results will be
obtained in a timely manner and that the cost of D-dimer
screening is offset by avoiding unnecessary duplex ultrasound
for patients at unlikely PTP for upper extremity DVT. If the
D-dimer strategy is followed, a highly sensitive D-dimer assay is
required. A negative D-dimer rules out upper extremity DVT
and no additional testing or anticoagulation is required. D-
dimer has limited utility in hospitalized patients and in certain
patient populations (postsurgical, pregnancy) due to the high
frequency of positive D-dimer results with standard thresholds.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal D-dimer or duplex ultra-
sound results may require repeat testing.

c If clinical suspicion remains high following a negative initial
duplex ultrasound, serial duplex ultrasound could be considered.

Recommendation 9b

The ASH guideline panel recommends against using a positive
D-dimer alone to diagnose upper extremity DVT in a population
with low prevalence/unlikely PTP (10%). (See grading for
recommendation 9a.)

Figure 9 presents a flowchart of recommendations 9a and b.

Benefits, harms, and burden. The panel judged the ranking of
pathways based on predetermined thresholds of acceptable FN
and misdiagnosis (FN1FP) rates for diagnosis of upper extremity
DVT. Pathways that provided the best balance of desirable
and undesirable effects remained at or below a threshold of 50 FN
results per 1000 patients tested (#5%) and a threshold of 100
misdiagnosed results per 1000 patients tested (FN1FP # 10%).

For a population with low clinical probability of upper extremity DVT,
acceptability criteria were met by pathways beginning with D-dimer
where D-dimer positive results were followed by a single duplex

Table 7. Summary of results of studies informing sensitivity and specificity of tests for diagnosis of upper extremity DVT

Test No. of participants (studies) Sensitivity (95% CI) Specificity (95% CI) Quality of evidence

Duplex ultrasound 465 (7) 0.87 (0.73-0.94) 0.85 (0.72-0.93) Low*,†,‡,§

D-dimer 482 (3) 0.96 (0.87-0.99) 0.47 (0.43-0.52) Moderate*,†,‡,||

*Certainty in evidence not downgraded for risk of bias, although few studies had a combination of reference standards that were judged to be acceptable by a panel of clinical experts.
†Certainty in evidence was downgraded for indirectness in instances where this test was not the index test in a diagnostic pathway. There was a lack of data on the accuracy of this test

following a previous test in a pathway. Thus, sensitivity and specificity used for modeling in these instances were based on the test accuracy of the individual test rather than using the test in
a pathway.
‡Quality of evidence was downgraded for imprecision given small population size.
§Quality of evidence was downgraded for serious unexplained inconsistency in specificity, with range from 55.8% to 97.5%. Multiple sensitivity analyses could not provide an explanation.

Quality of evidence was downgraded for serious unexplained inconsistency in specificity, with range from 50.0% to 97.8%. Multiple sensitivity analyses could not provide an explanation.
||Minor inconsistency for sensitivity and specificity noted but judged to be insufficient to downgrade the certainty in evidence.
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ultrasound. Duplex ultrasound used as the sole diagnostic tool was not
adequate for meeting the threshold criteria for acceptability but was felt
by the panel to be clinically acceptable. The addition of subsequent
tests following duplex ultrasound including D-dimer or serial ultrasound
similarly did not meet acceptability criteria. Pathways with no follow-up
testing for positive D-dimer patients resulted in a large number of
positive results. The EtD framework is shown at: https://dbep.gradepro.
org/profile/2faee274-8c28-4f19-b8a2-23947d6f29fc.

Likely PTP/prevalence (40%)

Question: In a patient population with a likely clinical probability of
upper extremity DVT, what is the optimal diagnostic strategy to
evaluate for suspected upper extremity DVT?

Recommendation 10a

The ASH guideline panel suggests a strategy of either D-dimer
followed by duplex ultrasound/serial duplex ultrasound, or du-
plex ultrasound/serial duplex ultrasound alone for assessing

patients suspected of having upper extremity DVT in a
population with high prevalence/likely PTP (40%). (Condi-
tional recommendation for D-dimer based on very low cer-
tainty in the evidence of effects on clinical outcomes Å◯◯◯
and moderate certainty in the evidence from diagnostic
accuracy studies ÅÅÅ◯; conditional recommendation for
duplex ultrasound based on very low certainty in the evi-
dence of effects on clinical outcomes Å◯◯◯ and low cer-
tainty in the evidence from diagnostic accuracy studies
ÅÅ◯◯).

Remarks:

c In studies assessing this diagnostic strategy for patients
suspected of having upper extremity DVT, a dichotomized
Constans score (where score #1 is unlikely and $2 is likely)
was used to assess clinical probability of suspected upper
extremity DVT.

Suspected Upper
Extremity DVT*

CDR

Unikely Clinical
PTP

Non-low
Clinical PTP**

D-Dimer ***

Negative Positive

D-Dimer
Not Available

Duplex US

Negative Positive

No UE DVT UE DVT

Figure 9. Flowchart for recommendations 9a and b

(diagnosis of upper extremity DVT for patients with

unlikely PTP/low prevalence [10%]). *Hemodynamically

stable, nonpregnant patient. **See other algorithms. ***Highly

sensitive D-dimer. UE DVT, upper extremity deep vein

thrombosis.
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c A decision to start with D-dimer assumes the results will
be obtained in a timely manner and that the cost of
D-dimer screening is offset by avoiding unnecessary
duplex US. If the D-dimer strategy is followed, a highly
sensitive D-dimer assay is required. A negative D-dimer
rules out upper extremity DVT and no additional testing
or anticoagulation is required. D-dimer has limited utility
in hospitalized patients and in certain patient popula-
tions (postsurgical, pregnant) due to the high frequency
of positive D-dimer results with standard thresholds.

c The strategy assumes that test results are obtained under
optimal conditions. Suboptimal D-dimer or duplex ultra-
sound results may require repeat testing.

Recommendation 10b

The ASH guideline panel recommends against using a positive
D-dimer alone to diagnose upper extremity DVT in a population
with high prevalence/likely PTP (40%). (See grading for rec-
ommendation 10a.)

Figure 10 presents a flowchart of recommendations 10a and b.

Benefits, harms, and burden. The panel judged the ranking of
pathways based on predetermined threshold of acceptable FN and
misdiagnosis (FN1FP) rates for diagnosis of upper extremity DVT.
Pathways that provided the best balance of desirable and undesir-
able effects remained at or below a threshold of 50 FN results per
1000 patients tested (#5%) and a threshold of 100 misdiagnosed
results per 1000 patients tested (FN1FP # 10%). If no
pathways met these criteria, a threshold of 100 FN results per
1000 patients tested (# 10%) and a new threshold of 200
misdiagnosed results per 1000 patients tested (FN1FP # 20%)
was used.

For a population with high clinical probability of upper extremity DVT,
none of the evaluated pathways met the initial threshold criteria set
by the panel. Pathways were then reviewed for meeting the new
parameters, as described in the previous paragraph. Duplex ultrasound
used as the sole diagnostic tool was not adequate for meeting the
threshold criteria. The addition of subsequent tests including D-dimer
or serial ultrasound were acceptable, as long as positive D-dimer
results were followed up with serial ultrasound. Ultrasound similarly did
not meet acceptability criteria. Any pathways with no follow-up testing
for positive D-dimer results yielded a large number of FP results. The
EtD framework is shown at: https://dbep.gradepro.org/profile/
c2321da4-0035-4e74-b6da-f49bbc12b1de.

Other EtD criteria and considerations for upper
extremity DVT recommendations. None.

Conclusions and research needs for upper extremity
DVT recommendations. The guideline panel determined that
there is low certainty evidence for using D-dimer to exclude upper
extremity DVT for patients with low PTP/prevalence. There is
moderate certainty evidence for using duplex ultrasound for patients
with a positive D-dimer and for patients with high prevalence. There
is a need to further evaluate clinical prediction rules when assessing
patients with suspected upper extremity DVT.

What are others saying and what is new in

these ASH guidelines?

The American College of Chest Physicians (ACCP) Evidence-
Based Clinical Practice Guidelines chapter on diagnosis of DVT
suggests that clinical assessment of PTP of DVT, rather than
performing the same tests in all patients, should guide the
diagnostic process for a first lower extremity DVT (Grade 2B).130

The ACCP recommendations are as follows (p. e351S):

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 recom-
mend 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).

In the high PTP population, the ACCP recommendations are as
follows (p. e353S):

Suspected Upper
Extremity DVT*

CDR

Non-high
Clinical PTP**

Likely Clinical
PTP

D-Dimer ***

Negative

Negative

Duplex US/
Serial Duplex US

No UE DVT UE DVT

Positive

Positive

Figure 10. Flowchart for recommendations 10a and b (diagnosis of upper

extremity DVT for patients with likely PTP/high prevalence [40%]). *Hemodynamically

stable, nonpregnant patient. **See other algorithms. ***Highly sensitive D-dimer.
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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).130

There are no ACCP recommendations on diagnosis of PE.

Both the ACCP and these guidelines are based on systematic
reviews of the literature. In contrast to the ACCP guidelines, we
used diagnostic test accuracy estimates and population preva-
lences to model the various diagnostic pathways to determine the
optimal diagnostic pathway and compared the model estimates,
where available, to published results. Variations in the recommen-
dations are attributable to the population prevalence used in the
model. The model was sensitive to these changes and yielded
similar results when compared with management studies evaluating
the same diagnostic pathway.

Limitations of these guidelines

These guidelines are based on modeled estimates for the
population prevalence of VTE. Prevalence and PTP are continuous
variables but for modeling purposes, required input of a specific
population prevalence. For patients at intermediate risk of PE or
DVT, this resulted in a range of potential prevalences, which could
affect the recommendation. The availability of diagnostic tests and
the expertise to interpret the results is variable and may affect how
these guidelines will be used.

Revision or adaptation of the guidelines

Plans for updating these guidelines

After publication of these guidelines, ASH will maintain them through
surveillance for new evidence, ongoing review by experts, and regular
revisions.

Updating or adapting recommendations locally

Adaptation of these guidelines will be necessary in many circum-
stances. These adaptations should be based on the associated EtD
frameworks.131
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88. Friera A, Giménez NR, Caballero P, Molinı́ PS, Suárez C. Deep vein thrombosis: can a second sonographic examination be avoided? AJR Am J
Roentgenol. 2002;178(4):1001-1005.

89. Gudmundsen TE, Vinje B, Pedersen T. Deep vein thrombosis of lower extremities. Diagnosis by real time ultrasonography. Acta Radiol. 1990;31(5):
473-475.

3254 LIM et al 27 NOVEMBER 2018 x VOLUME 2, NUMBER 22

D
o
w
n
l
o
a
d
e
d
 
f
r
o
m
 
h
t
t
p
:
/
/
a
s
h
p
u
b
l
i
c
a
t
i
o
n
s
.
o
r
g
/
b
l
o
o
d
a
d
v
a
n
c
e
s
/
a
r
t
i
c
l
e
-
p
d
f
/
2
/
2
2
/
3
2
2
6
/
1
9
1
5
4
2
5
/
a
d
v
a
n
c
e
s
0
2
4
8
2
8
c
g
.
p
d
f
 
b
y
 
g
u
e
s
t
 
o
n
 
3
1
 
M
a
y
 
2
0
2
6



90. Lensing AW, Prandoni P, Brandjes D, et al. Detection of deep-vein thrombosis by real-time B-mode ultrasonography. N Engl J Med. 1989;320(6):342-345.

91. Pedersen OM, Aslaksen A, Vik-Mo H, Bassoe AM. Compression ultrasonography in hospitalized patients with suspected deep venous thrombosis. Arch
Intern Med. 1991;151(11):2217-2220.

92. Quintavalla R, Larini P, Miselli A, et al. Duplex ultrasound diagnosis of symptomatic proximal deep vein thrombosis of lower limbs. Eur J Radiol. 1992;
15(1):32-36.

93. van Ramshorst B, Legemate DA, Verzijlbergen JF, et al. Duplex scanning in the diagnosis of acute deep vein thrombosis of the lower extremity. Eur J Vasc
Surg. 1991;5(3):255-260.

94. Wells PS, Anderson DR, Rodger M, et al. Evaluation of D-dimer in the diagnosis of suspected deep-vein thrombosis. N Engl J Med. 2003;349(13):
1227-1235.

95. Wells PS, Hirsh J, Anderson DR, et al. Comparison of the accuracy of impedance plethysmography and compression ultrasonography in outpatients with
clinically suspected deep vein thrombosis. A two centre paired-design prospective trial. Thromb Haemost. 1995;74(6):1423-1427.

96. Wells PS, Hirsh J, Anderson DR, et al. Accuracy of clinical assessment of deep-vein thrombosis. Lancet. 1995;345(8961):1326-1330.

97. Bradley MJ, Spencer PA, Alexander L, Milner GR. Colour flow mapping in the diagnosis of the calf deep vein thrombosis. Clin Radiol. 1993;47(6):
399-402.

98. de Valois JC, van Schaik CC, Verzijlbergen F, van Ramshorst B, Eikelboom BC, Meuwissen OJ. Contrast venography: from gold standard to ‘golden
backup’ in clinically suspected deep vein thrombosis. Eur J Radiol. 1990;11(2):131-137.
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108. Canan A, Halıcioğlu SS, Gürel S. Mean platelet volume and D-dimer in patients with suspected deep venous thrombosis. J Thromb Thrombolysis. 2012;
34(2):283-287.

109. Cornuz J, Ghali WA, Hayoz D, Stoianov R, Depairon M, Yersin B. Clinical prediction of deep venous thrombosis using two risk assessment methods in
combination with rapid quantitative D-dimer testing. Am J Med. 2002;112(3):198-203.

110. D’Angelo A, D’Alessandro G, Tomassini L, Pittet JL, Dupuy G, Crippa L. Evaluation of a new rapid quantitative D-dimer assay in patients with clinically
suspected deep vein thrombosis. Thromb Haemost. 1996;75(3):412-416.

111. Diamond S, Goldbweber R, Katz S. Use of D-dimer to aid in excluding deep venous thrombosis in ambulatory patients. Am J Surg. 2005;189(1):23-26.

112. Haenssle HA, Ayad N, Buhl T, et al. Limited diagnostic value of Wells-score and D-dimer testing in hospitalized dermatologic patients with symptoms of
deep vein thrombosis. Eur J Dermatol. 2013;23(6):830-836.

113. Hansson PO, Eriksson H, Eriksson E, Jagenburg R, Lukes P, Risberg B. Can laboratory testing improve screening strategies for deep vein thrombosis at
an emergency unit? J Intern Med. 1994;235(2):143-151.
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