Editorial Commentary

Choosing ultrasound technique for suspected deep vein
thrombosis: which is best?
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Deep vein thrombosis (DVT) is a prevalent disease which, if
left untreated, can be complicated by pulmonary embolism
(PE) and enduring leg maladies (a compendium of
symptoms referred to as post-thrombotic syndrome) among
other associated morbidities (1). Prompt and accurate
diagnosis of DVT is essential. Contrast venography,
considered the reference standard for the diagnosis of DVT,
is invasive, expensive, technically challenging and is now
performed infrequently. Compression ultrasonography
(CUS) has become the most commonly used imaging
method to evaluate suspected DVT of the leg (2).
CUS is non-invasive, carries no risk of radiation or
contrast exposure, and is relatively inexpensive. DVT is
diagnosed by observing a region of non-compressibility of
a deep vein when pressure is applied using the ultrasound
probe during imaging (the presence of thrombus prevents
the vein from fully compressing). Additional techniques,
such as color doppler flow analysis (duplex ultrasound)
can be added to assist in identifying areas to test for noncompressibility (3).
Older accuracy studies directly compared the
performance of CUS to invasive venography. CUS had
comparable sensitivity and specificity to venography for
proximal DVT, but was less sensitive in detecting distal
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DVT (4). However, substantial technologic advances in
US have been made since these studies were performed.
Contemporary research has utilized the “management
study” design, where treatment decisions are based on CUS
result, and patients are monitored for outcome over the
subsequent 3 months (any DVT or PE diagnosed during
follow-up is assumed to have been missed by the initial
diagnostic strategy) (2).
The term “CUS” has been applied to a variety of
diagnostic techniques (5). The most important distinction
between techniques regards whether the distal deep veins
(the deep veins of the calf below the popliteal vein) are
assessed. Most DVT originates in these veins. DVT isolated
to the distal deep veins (IDDVT) carries a low risk of PE
and post-thrombotic syndrome; and many cases will resolve
without anticoagulant treatment (6). However, IDDVT
may propagate upward to become proximal DVT, which
is associated with a substantial risk of PE, post-thrombotic
syndrome, and requires treatment with anticoagulants (7).
The uncertain value of detecting IDDVT has led to a
longstanding controversy regarding the ideal approach to
imaging (8). Whole-leg CUS refers to the technique which
assesses the distal deep veins (9). The value of this test is
its high negative predictive value excluding any DVT in
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a single session even among patients with a high pre-test
probability (PTP) of disease (10). The principal limitation
of the technique is that a management decision must be
made when IDDVT is detected, and it is uncertain which
of these patients require treatment with anticoagulants (11).
The benefits of treatment remain uncertain, and may differ
between patient groups (such as those with cancer or an
assessed increased risk for bleeding).
Limited CUS assesses only the proximal deep veins (12).
Interinstitutional technique varies in the procedure and
number of locations assessed however all share the feature
of assessing only the popliteal and more proximal veins. The
advantaged of limited CUS include technical simplicity and
the fact that it only detects DVT that requires anticoagulant
treatment. The principal disadvantage is reduced negative
predictive value, which has led to protocols endorsed
by guidelines that require a repeat test to be performed
5–7 days later to detect undiagnosed IDDVT which has
propagated (serial limited CUS) (2,13). Repeat testing is
inconvenient and not all patients are able to return for
serial tests. Further, a large number of serial tests must be
performed to detect relatively few DVTs (low diagnostic
yield) (5).
Regardless of the CUS used, only a small minority
of patients suspected of DVT are proven to have it (14).
Therefore, multi-step diagnostic algorithms have been
developed to try to reduce the number of patients subjected
to imaging (2). Many such algorithms exist, but all are based
on Bayes’ Theorem, and attempt to identify a subgroup of
patients with a likelihood of DVT low enough that imaging
is not needed. The algorithms utilize a PTP score based
on elements from patients’ history and examination, in
combination with measurement of D-dimer, an inexpensive
laboratory assay which measures thrombus breakdown
products, to identify patients in whom DVT can be safely
excluded without imaging. There is presently no strategy
that can confirm DVT without an imaging test (13).
An interesting hybrid approach has tested whether
patients at intermediate levels PTP of DVT can have
disease safely excluded with only one a single limited CUS;
eliminating the need for the second US, but also bypassing
the problem of management of IDDVT (2).
A prior systematic review assessed the performance of
a single whole-leg CUS versus serial CUS in unselected
patients, pooling available management studies. The
safety of both approaches was comparable; whole-leg US
diagnosed IDDVT leading to a greater number of patients
on anticoagulant therapy. Serial limited CUS resulted in a
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larger total number of CUS sessions (9).
Kraaijpoel and colleagues recently published a new
systematic review and meta-analysis that includes more
recent management studies, and adds an analysis of the
comparative performance of single limited CUS to both
serial limited CUS and whole-leg CUS (15). The “failure”
rate (percentage of DVT or PE 90 days after an initial
negative evaluation) was 1.4% for single limited CUS, 1.9%
for serial limited CUS and 1.0% for whole-leg CUS.
The work is nicely executed, adhering well to the
methodologic standards for the PRISMA checklist for
metanalyses of diagnostic trials. Strengths include study
selection, data abstraction and risk of bias assessment
performed in triplicate, and use of the most recent Quality
Assessment of Diagnostic Accuracy Studies (QUADAS-2)
tool.
Conclusions from the analysis must be drawn with
an appreciation of the complexity of the underlying trial
designs, as the authors note: “The relative failure rate of single
limited CUS remains uncertain, as the DVT prevalence was
lower in these studies. Therefore, this CUS strategy may only be
safe in a selected group of low-risk patients”. Despite the similar
failure rates, concluding that all three approaches to CUS
are interchangeable is inappropriate.
The more recent management studies utilizing the three
different approaches to CUS have evaluated CUS as only
one component of a larger diagnostic algorithm. Patients
undergoing CUS were first assessed using a variety of
PTP scores in combination with D-dimer. Therefore, the
different forms of CUS will have been applied to differing
patient populations, which complicates direct comparison
of their performance (2,13).
For these comparisons the authors included both
management studies, as well as accuracy studies versus
venography in their analyses. This approach has advantages
and disadvantages. Including accuracy studies enlarges the
number of trials and increases the precision of estimates.
However, accuracy studies operate on the a priori
supposition that the reference test (venography) is 100%
sensitive and specific. In fact, venography has been tested
in a management study, and was found to have a 90-day
“failure” rate of approximately 2%, creating the standard by
which diagnostic management studies are assessed in major
guidelines (2,16). Therefore, pooling the performance of
CUS versus venogram, as opposed to clinical follow-up,
makes interpretation of results more difficult.
What conclusions can be drawn from the work of
Kraaijpoel and colleagues? Their findings appear to lend
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further support to the recommendations made in the American
Society of Hematology 2018 guidelines for management of venous
thromboembolism: diagnosis of venous thromboembolism (13).
These guidelines endorse the importance of assessment of
PTP and use of D-dimer testing, in addition to imaging,
when DVT is suspected. When imaging is indicated in
patients in the low-PTP group, either single limited CUS
or whole-leg CUS are acceptable. If PTP is not low, single
limited CUS is not sufficient—serial limited CUS or wholeleg CUS must be chosen (13).
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