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CLINICAL SCENARIO

A 60-year-old man referred with sus-
pected deep vein thrombosis (DVT)
cut the plantar surface of his left foot
on glass 10 days ago and has been
resting in bed. He presents with left
leg pain, mild calf swelling, redness,
and heat. There is no history of a pre-
vious DVT or known family history of
venous thromboembolism. Physical
examination shows the patient is
febrile and has pitting edema of the
left calf. The calf erythema is hot, ten-
der, and well demarcated. Enlarged
left inguinal lymph nodes are present.
He has long-standing diabetes mellitus
and the diagnoses that seem most
likely are cellulitis or deep venous
thrombosis. Can a clinical probability
estimate of DVT reliably determine a
pretest probability that can be used in
decision making?

CLINICAL EVALUATION AND
CLINICAL PREDICTION RULES

Deep vein thrombosis occurs fre-
quently with an estimated annual inci-
dence of 0.1% in white populations,*
creating considerable morbidity. Com-
plications include postphlebitic syn-
drome and chronic thromboembolic
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Context Outpatients with suspected deep vein thrombosis (DVT) have nonspecific
signs and symptoms. Missed DVT diagnosis may result in fatal pulmonary embolism.
Since many patients may have DVT, a selective and efficient diagnostic process is needed.

Objective To systematically review trials that determined the prevalence of DVT us-
ing clinical prediction rules either with or without D-dimer, for the diagnosis of DVT.

Data Sources English- and French-language studies were identified from MEDLINE
from 1990 to July 2004 and supplemented by a review of all relevant bibliographies.

Study Selection We included studies that prospectively enrolled consecutive, un-
selected outpatients with suspected DVT and applied clinical prediction rules before
D-dimer testing or diagnostic imaging. All studies included sufficient information to
allow the calculation of the prevalence of DVT for at least 1 of the 3 clinical probabil-
ity estimates (low, moderate, or high). We required that patients be followed up for a
minimum 3-month period. Unless the clinical model incorporated prior DVT, studies
were excluded if patients with a history of prior DVT were enrolled.

Data Extraction Two reviewers independently reviewed and abstracted data for
estimating the prevalence of DVT, sensitivity, specificity, and likelihood ratios (LRs) of
D-dimer in each of the 3 clinical probability estimates. Data for the D-dimer in all stud-
ies were pooled and analyzed as high-sensitivity/low-specificity test or a moderate-
sensitivity/moderate-specificity test.

Data Synthesis Fourteen studies involving more than 8000 patients used 1 clinical
prediction rule for diagnosing DVT, of which 11 incorporated D-dimer testing in the
diagnostic algorithm. The prevalence of DVT in the low, moderate, and high clinical
probability groups was 5.0% (95% Cl, 4.0%-8.0%), 17% (95% Cl, 13%-23%), and
53% (95% Cl, 44%-61%), respectively. The overall prevalence of DVT was 19% (95 %
Cl, 16%-23%). Pooling all studies, the sensitivity, specificity, and negative LRs of D-
dimer testing in the low probability group were 88% (95% Cl, 81%-92%), 72% (95%
Cl, 65%-78%), and 0.18% (95% Cl, 0.12-0.18); in the moderate probability group:
90% (95% Cl, 80%-95%), 58% (95% Cl, 49%-67%), and 0.19% (95% Cl, 0.11-
0.32); and in the high probability group: 92% (95% Cl, 85%-96%), 45% (95% Cl,
37%-52%), and 0.16% (95% Cl, 0.09-0.30). The LRs for a normal result on a high
or moderately sensitive D-dimer assay among patients with: (1) low clinical suspicion
were 0.10 (95% Cl, 0.03-0.37) and 0.20 (95% ClI, 0.12-0.31); (2) moderate clinical
suspicion were 0.05 (95% Cl, 0.01-0.21) and 0.23 (95% Cl, 0.13-0.39); and (3) high
clinical suspicion were 0.07 (95% Cl, 0.03-0.18) and 0.15 (95% Cl, 0.10-0.38).

Conclusions Diagnostic accuracy for DVT improves when clinical probability is es-
timated before diagnostic tests. Patients with low clinical probability on the predictive
rule have prevalence of DVT of less than 5%. In low-probability patients with nega-
tive D-dimer results, diagnosis of DVT can be excluded without ultrasound; in pa-
tients with high clinical suspicion for DVT, results should not affect clinical decisions.
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pulmonary hypertension, while pul-
monary embolism causes death in 1%
to 8% of affected patients despite
treatment.>” Although anticoagulant
therapy decreases the risk of recurrent
thrombosis, the treatment also
increases the risk of major hemor-
rhage and other potentially serious
consequences, such as heparin-
induced thrombocytopenia. Therefore,
diagnostic strategies must correctly
diagnose DVT when present and safely
rule out DVT when absent. The desire
to not miss a patient with DVT com-
bined with the large number of non-
specific signs and symptoms makes
DVT part of the differential diagnosis
in most patients presenting with leg
pain or swelling. Unfortunately, the
nonspecific signs and symptoms force
clinicians to investigate many patients
who do not have DVT. In the past,
clinical assessment was not quantified
in the diagnostic assessment in
patients with suspected DVT and prior
to 1995, the approach was to image all
patients with suspected DVT.®" This
approach was inefficient because most
patients with suspected DVT did not
have the disorder (DVT rates ranging
from 10%-25%).”° Because imaging
for calf DVT is relatively inaccurate
and often inadequate,'®!* serial testing
in which only the proximal veins were
evaluated and negative testing
repeated 1 week later was the stan-
dard. Several studies performed in the
last decade successfully incorporated
clinical assessment into the diagnostic
approach.

In a previous Rational Clinical
Examination, we outlined how cat-
egorizing patients as having a low
clinical probability for DVT eliminates
the need for serial testing and catego-
rizing patients as high clinical prob-
ability selects those in whom a nega-
tive ultrasound result may be a false-
negative.'” We also emphasized that
false-positive ultrasound results were
most likely when patients had a low
clinical probability for DVT. The
clinical prediction rule® described in
that article had not been widely evalu-
ated. We conducted a new systematic

200 JAMA, January 11, 2006—Vol 295, No. 2 (Reprinted)

review to determine the accuracy of
the same clinical prediction rule for
DVT.

The incorporation of D-dimer test-
ing into diagnostic algorithms has
simplified the treatment of a patient
presenting with suspected DVT."3-1¢
Clinical trials demonstrate safe, fea-
sible, and validated approaches for the
treatment of patients with suspected
DVT. However, it is also clear that
D-dimer assays differ with respect to
sensitivity and specificity. Recent
meta-analyses summarize the accu-
racy of various D-dimer assays com-
pared with gold standard imaging
tests for DVT.!7!8

Diagnostic algorithms work by
combining the pretest probability esti-
mate (or clinical suspicion) with the
likelihood ratio (LR) of a diagnostic
test result, providing an accurate
probability of disease after testing."
Given the consequences of failing to
detect DVT, a strategy that produces
probability of 1% or less after testing
should provide reassurance that addi-
tional tests are unnecessary. The com-
bination of a low or unlikely clinical
probability estimate with a negative
D-dimer safely rules out DVT."> What
is not clear are the following ques-
tions: (1) whether the clinical predic-
tion rule (eg, Wells et al'?) can be
used reliably across a broad range of
at-risk population; (2) what is an esti-
mated pooled risk of DVT in each
pretest category and; (3) how should
pretest clinical probability estimates
be used with different D-dimer assays.
To date, 3 studies have evaluated the
literature on clinical prediction rules
for the diagnosis of DVT but all have
limitations.?®** Specifically, they
included studies and data that either
did not use the model or used the
model incorrectly by including
patients with prior DVT (the most
recent changes to the model include a
point for patients with prior DVT).
Indeed, Goodacre et al** report that
exclusion of persons with a history of
thromboembolism is associated with
improved diagnostic performance of
the model by Wells et al'’; however,

they did not report summary preva-
lence data, one article only reported
events rates in follow-up, and none
reported LR data in combination with
D-dimer testing. We conducted a sys-
tematic review to determine the accu-
racy of clinical prediction rules for
DVT and D-dimer assays in conjunc-
tion with the clinical probability esti-
mate.

METHODS
Study Identification

We searched for English- and French-
language clinical studies that used a
clinical prediction model or clinical
assessment in the DVT diagnostic pro-
cess. To evaluate the role of D-dimer,
we also sought studies that used
D-dimer in combination with clinical
assessment. Published studies were
identified by searching MEDLINE
from January 1, 1990, to July 1, 2004,
using the medical subject headings:
venous thrombosis or thrombophlebitis,
fibrin or fibrinogen degradation prod-
ucts and predictive value of tests and the
key words: DVT, D-dimer, diagnosis,
sensitivity, specificity, clinical probabil-
ity, clinical model, or decision rule. We
supplemented the MEDLINE search
by scrutinizing the reference lists of all
articles selected for inclusion, review
articles retrieved, and review of our
own reference library of over 4200
articles.

Study Selection

To be included in the review, all of the
following criteria were required: (1) en-
rollment of consecutive outpatients
with symptoms and signs of suspected
DVT; (2) prospective trial design in-
volving a minimum 3-month follow-
up; (3) objective documentation of all
venous thromboembolic events (DVT
and pulmonary embolism); (4) exclu-
sion of patients with prior DVT unless
the clinical model adjusted for the his-
tory of prior DVT or the reviewers could
make that adjustment; (5) assessment
of patients using a validated clinical rule
to estimate the clinical probability of
DVT prior to D-dimer testing or diag-
nostic imaging; (6) if D-dimer testing
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was performed, it must have been
drawn prior to other diagnostic tests
(although D-dimer testing was not a
requirement for study inclusion);
(7) available data on the prevalence of
DVT in at least 1 of the 3 risk estimate
categories (low, moderate, or high);
(8) evaluation of proximal DVT and,
(9) study quality graded A or B using
the scheme previously appearing in the
Rational Clinical Examination series,
adapted from Holleman and Simel* as
shown:

Level 1: Independent, blinded com-
parison of symptom or sign results with
a criterion standard of diagnosis among
a large number of consecutive pa-
tients (=300) with suspected DVT;

Level 2: Independent, blinded com-
parison of symptom or sign results with
a criterion standard of diagnosis among
consecutive patients (<300) with sus-
pected DVT.

Data Extraction

Two authors independently reviewed
and abstracted data for determining:
(1) prevalence of DVT in low, moder-
ate, and high clinical probability groups;
(2) sensitivity and specificity; and
(3) LRs of D-dimer testing in each of
the 3 clinical probability groups.

Statistical Analysis

Data were imported into the Compre-
hensive Meta-Analysis software pro-
gram version 2.197 (Biostat Inc, Engle-
wood, NJ) and analyzed using a
random-effects model.

For each study, the overall preva-
lence of DVT and the prevalence
among patients with low, moderate, or
high clinical probability estimate were
calculated. We confirmed the sensitiv-
ity and specificity and 95% confidence
intervals (CIs) for each study that
included D-dimer testing. The positive
and negative LRs for each clinical
probability estimate according to the
D-dimer subset were calculated. A
positive LR is a measure of how
strongly a positive result increases the
odds of disease and a negative LR is
measure of how well a negative result
decreases the odds of disease. The

©2006 American Medical Association. All rights reserved.

easiest way to interpret LRs is to keep
in mind that the likelihood of a dis-
ease outcome increases when the LR is
greater than 1, the likelihood of dis-
ease decreases if the LR is less than 1,
and an LR close to 1 does not change
the likelihood. We also calculated the
pooled LR because, unlike diagnostic
odds ratios (ORs), the LRs can be used
for clinical decisions.

Studies were grouped into 2 subsets
depending on the accuracy of the
D-dimer that was used: (1) high sen-
sitivity; (2) moderate sensitivity,
according to Stein et al,'® and the
same calculations were performed.
Diagnostic ORs were calculated with
correction for 100% sensitivities by
adding 0.5 to each cell of the 2X2
table.*** The diagnostic OR is a single
indicator of diagnostic test perfor-
mance reflecting its overall accuracy.
Using the random-effects model of
DerSimonian and Laird, the pooled
estimates for the diagnostic OR over-
all as well as for the 2 subsets of
D-Dimer assays were calculated. For
the 2 subsets of D-dimer assays, we
evaluated differences between the sen-
sitivity and specificity of the assays,
between the low and moderate clini-
cal probability groups, and moderate
and high pretest probability groups
using a x test.

RESULTS

After reviewing all titles and abstracts,
we identified 67 of 274 articles for fur-
ther review. Of the 67 articles, 14 met
the inclusion criteria involving 8239 pa-
tients (TABLE 1).”*22% The only stud-
ies eligible used the Wells clinical pre-
diction rule (TABLE 2). One study
reported D-dimer data on an earlier
study so it was not included in the cal-
culation of prevalence.”” Eleven of the
14 studies evaluating 5690 patients in-
corporated D-dimer testing into the di-
agnostic algorithm 13152734

Does the Clinical Prediction Rule
Accurately Categorize the

Pretest Probability Estimate?

To be useful, the clinical probability
estimate for DVT must be reproduc-

DEEP VEIN THROMBOSIS

ible. Put another way, when assessing
the same patient or different patient
populations presenting with sus-
pected DVT, the clinical prediction
rule should yield similar estimates for
the risk of DVT. All studies included
in this systematic review used the
same clinical prediction rule. The
pooled prevalence of DVT in the stud-
ies included in this meta-analysis was
19% (95% CI, 16%-23%). The pooled
prevalence of DVT in the low, moder-
ate, and high clinical probability
groups was 5.0% (95% CI, 4.0%-
8.0%), 17% (95% CI, 13%-23%), and
53% (95% CI, 44%-61%), respectively
(FIGURE). Interobserver reliability
has not been widely evaluated, but
the reported studies included many
different physicians with a wide
range of clinical experience, includ-
ing junior residents.

Applying the Wells® criteria, the
patient would have a score of zero
summed by pitting edema (1 point),
bed rest (1 point), and an alternative
diagnosis (cellulitis) at least as likely
as DVT (-2 points). Using the clinical
prediction rule, the clinician con-
cludes that the patient has a low clini-
cal probability of having an acute
DVT. The data suggest that the clini-
cian should be confident that the
prevalence of DVT is around 5%.
Would additional tests lower the like-
lihood of DVT below 5%?

D-Dimer Testing

D-Dimer is a degradation product of a
cross-linked fibrin blood clot. Levels
of D-dimer are typically elevated in
patients with acute venous thrombo-
embolism. D-Dimer levels may also be
increased by a variety of nonthrom-
botic disorders including recent major
surgery, hemorrhage, trauma, preg-
nancy, cancer, or acute arterial throm-
bosis.>® D-Dimer assays are, in general,
sensitive but nonspecific markers so
that a positive D-dimer result is not
useful to “rule in” the diagnosis
of DVT. Instead, the value of the
D-dimer is with a negative test result
that works to lower the likelihood of
the diagnosis.
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- _____________________________________________________________________________________________]
Table 1. Summary of Studies of Deep Vein Thrombosis Diagnosis Involving Clinical Prediction Rule + D-Dimer Testing in Outpatients

Evidence Requiring
Quality Outatient Had Serial D-Dimer Prior DVT Prevalence
Source Level Population Ultrasound, % Ultrasound, % Assay Score Excluded of DVT, %

Anderson et al,?® 1999 1 447 100 27 N/A Wells Yes 13.1

Anderson et al,?” 2000 2 214 100 N/A Moderate Wells Yes 13.1
sensitivity

Miron et al,?® 2000 2 270 N/A N/A High sensitivity ~Wells empirical ~ Yes 21.1

estimate*

Kearon et al,° 2001 1 445 60 N/A Moderate Wells Yes 14.4
sensitivity

Aguilar et al,** 2002 2 134 100 0 High sensitivity  Wells Not stated NA

Bucek et al,*' 2002 99 Patients with 74 0 High sensitivity ~ Wells Not NA

low clinical
probability

Kraaijenhagen et al,'® 2002 1 1756 100 47 Moderate Wells Yes 24.2
sensitivity

Shields et al,** 2002 2 102 100 0 Moderate Wells Yes 16.7
sensitivity

Tick et al,® 2002 1 811 100 10 Moderate Wells Yes 42.5
sensitivity

Anderson et al,* 2003 1 1075 71 19 Moderate Modified Wellst  No 17.9
sensitivity

Bates et al,” 2003 1 556 49 7 High sensitivity ~ Wells Yes 101

Schutgens et al,™ 2003 1 812 78 38 High sensitivity Wells Yes 39.0

Wells et al,’® 2003 1 1082 62 18 Moderate Modified Wellst  No 15.7
sensitivity

Stevens et al,*® 2004 1 436 100 0 Not done Wells Yes 13.9

Abbreviations: DVT, deep vein thrombosis; IPG, impedance phlethysmography; overall prevalence not available.
*Did not report D-dimer data; clinical prediction tool data from this prospective study was analyzed retrospectively.
FOnly results for patients without prior DVT used in analysis (n = 87).

FModified Wells Score including 1 point for a history of prior DVT.

The incorporation of D-dimer test-
Table 2. Simplified Clinical Model for Assessment of Deep Vein Thrombosis*

ing into diagnostic algorithms simpli-

Clinical Variable Score  fies the management of a patient’s case
Active cancer (treatment ongoing or withinlpre\{ious 6 months or pallialtilve) 1 presen[ing with Suspected DVT. Since
Paralysis, paresis, or recent plaster immobilization of the lower extremities 1 the last . trial 1
Recently bedridden for 3 days or more, or major surgery within the previous 12 weeks 1 ¢ lastreview, numerops naits gva.u—
requiring general or regional anesthesia ated the accuracy of D-dimer and its in-
Localized tenderness along the distribution of the deep venous system 1 Corporation into the diagnostic ap-
Entire leg swelling ! roach in patients with suspected DVT
Calf swelling at least 3 cm larger than that on the asymptomatic leg (measured 10 cm 1 p p p ; :
below the tibial tuberosity)t Recent meta-analyses summarize the ac-
Pitting edema cclmlfinedl to the symptomatic leg 1 curacy of various D-dimer assays com-
S%ﬁéf;lysggsgﬁg tve ?S\(/?Onvar'cose) 1 pared with gold standard imaging tests
Alternative diagnosis at least as likely as DVT -2 for DVT.

Returning to the clinical scenario
outlined earlier, a D-dimer test is per-
formed. The hospital uses a moder-
ately sensitive D-dimer assay. Does the

Abbreviation: DVT, deep vein thrombosis.
*Scoring method indicates high probability if score is 3 or more; moderate if score is 1 or 2; and low if score is O or less.
TIn patients with symptoms in both legs, the more symptomatic leg was used.

The ability of a negative D-dimer re-
sult to “rule out” DVT depends on the
type of assay. D-Dimer assays are cat-
egorized as high sensitivity vs moder-
ate sensitivity. The efficiency of a nega-
tive result to rule out DVT increases
proportionately with the sensitivity of
the assay, but it is inversely related to
the prevalence of venous thromboem-

202
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bolism. On the other hand, the speci-
ficity of the particular D-dimer assay
and the population under study affect
its ability to exclude the diagnosis of
DVT. For instance, use of a less spe-
cific assay or the testing of hospital-
ized patients who are currently ill lim-
its its value due to the expected number
of false-positive results.

type of D-dimer assay matter? Does the
D-dimer result affect the already low
probability of DVT?

How Will D-Dimer Testing

Simplify DVT Diagnosis?

Although a variety of quantitative and
qualitative D-dimer assays are avail-
able and with all involving specific

©2006 American Medical Association. All rights reserved.
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monoclonal antibodies, 2 methods have
been extensively investigated: enzyme-
linked immunosorbent assays and
whole-blood assays. There is wide varia-
tion in the sensitivity, normal refer-
ence ranges, and cut-off points among
different assays. Current available as-
says can be divided into highly sensi-
tive or moderately sensitive tests.'® A
recent meta-analysis of different
D-dimer assays shows that the enzyme-
linked immunosorbent assays and cer-
tain immunoturbidimetric tests are
highly sensitive (=95%) but less spe-
cific (approximately 40% at a cut-off
value of 500 ng/mL) for excluding
DVT." In general, other D-dimer meth-
ods such as whole-blood and quanti-
tative latex agglutination assays are
moderately sensitive (=85%) but more
specific (>65%). Therefore, the prob-
ability after testing varies according to
the D-dimer assay used. Before clini-
cians use a particular D-dimer assay to
revise their clinical probability esti-
mate, they should be aware of the dif-
ferences and interpret the results ac-
cordingly. The use of D-dimer testing
has improved the diagnostic process in
suspected DVT, but the D-dimer re-
sult itself does not serve as the refer-
ence standard for the presence or ab-
sence of DVT.

The pooled sensitivity, specificity,
and negative LRs of the D-dimer test
in the low clinical probability group
were 88% (95% CI, 81%-92%), 72%
(95% CI, 65%-78%), and 0.18%
(95% CI, 0.12%-0.28%), respectively.
Among patients with moderate clini-
cal probability estimate, the pooled
values were 90% (95% CI, 80%-95%),
58% (95% CI, 49%-67%), and 0.19%
(95% CI, 0.11%-0.32%), respectively;
among patients with high clini-
cal probability estimate the results
were 92% (95% CI, 85%-96%), 45%
(95% CI, 37%-52%), and 0.16% (95%
CI, 0.09%-0.30%), respectively. The
specificity of D-dimer testing de-
creased as the clinical suspicion for
DVT increased from low to moderate,
and from moderate to high (P<<.001)
with no change in the sensitivity
(P=.51, .28, respectively). The lower

©2006 American Medical Association. All rights reserved.

specificity of D-dimer testing among
patients with a high clinical suspicion
for DVT might be due to more comor-
bid conditions (eg, surgery or cancer)
that can cause high D-dimer levels.>”

DEEP VEIN THROMBOSIS

Among patients in this group, the
number of false-positive D-dimer
results can exceed the number of
negative results, thereby limiting its
use. The pooled estimates for diagnos-

Figure. Prevalence of Deep Vein Thrombosis

Clinical Prevalence, %
Probability Source (95% Confidence Interval)
High Miron et al,28 2000 74 (59-85) —
Kearon et al,? 2001 69 (55-80) .
Kraaijenhagen et al,'> 2002 66 (60-71) —-—
Schutgens et al,'* 2003 59 (54-65) .
Shields et al,® 2002 59 (35-79) —_——
Anderson et al,?6 1999 49 (35-63) -
Anderson et al,3* 2003 47 (40-54) L
Stevens et al,% 2004 40 (28-52) —
Wells et al,'® 2003 39 (33-45) ——
Bates et al,? 2003 30 (20-41) ——
Overall 53 (44-61) —
Moderate Schutgens et al,'* 2003 38 (33-43) -
Kraaijenhagen et al,'> 2002 6 (23-30) -
Aguiler et al,*° 2002 9 (14-27) ——
Miron et al,?8 2000 9 (13-28) .
Anderson et al,%* 2003 8(15-22) -
Anderson et al,?6 1999 14 (9-22) -
Shields et al,3 2002 4 (6-27) e
Wells et al,'® 2003 3(11-17) -
Stevens et al,* 2004 3(9-19) -
Kearon et al,29 2001 3(9-18) .
Bates et al,® 2003 9 (6-14) -
Overall 17 (13-23) —
Low Schutgens et al,'* 2003 13(9-18) -
Tick et al,® 2002 13 (9-17) ——
Kraaijenhagen et al,’> 2002 8(7-10) -
Bates et al,® 2003 6 (4-9) -
Stevens et al,* 2004 5(2-9) -
Anderson et al,3* 2003 4 (3-7) [ 3
Wells et al,’® 2003 4 (2-6) -
Miron et al,?8 2000 3(1-8) -
Anderson et al,?6 1999 3(1-7) -
Shields et al,*? 2002 2 (0-19) H—
Kearon et al,2? 2001 2 (1-6) .-
Bucek et al,®' 2002 2(1-9) -—
Overall 5(4-8) ->
Overall Prevalence of Deep Vein Thrombosis 19 (16-23) -
T T T T

|
0 20 40 60 80 100
Prevalence, % (95% Confidence Interval)

]
Table 3. Accuracy Measures for D-Dimer Pooling of All Studies

Clinical Pretest Probability (95% Confidence Interval)

Measures Low Moderate High
Sensitivity, % 88 (81-92) 90 (80-95) 92 (85-96)
Specificity, % 2 (65-78) 58 (49-67) 45 (37-52)
Negative predictive value 99 (98-99) 96 (94-97) 84 (77-89)
Positive predictive value 7 (13-20) 32 (25-41) 66 (56-75)
Positive likelihood ratio 3(2.6-4.1) 1(1.8-2.5) 6(1.5-1.8)
Negative likelihood ratio 0.18 (0.12-0.28) 0.19(0.11-0.32) 0.16 (0.09-0.30)
Diagnostic OR 7 (9.9-28) 4 (8.6-21) 2 (5.7-25)

Abbreviation: OR, odds ratio.
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tic OR for D-dimer tests in the low,
moderate, and high clinical probability
groups were 17 (95% CI, 9.9-28), 14
(95% CI, 8.6-21), and 12 (95% CI,
5.7-25), respectively; that is the diag-
nostic OR did not differ between clini-
cal probability estimates despite a
variation in sensitivity and specificity.
These data are summarized in
TABLE 3. Since the literature suggests

that D-dimer assays can be broadly
considered as high-sensitivity or
moderate-sensitivity assays, we ana-
lyzed the eligible D-dimer studies in
these categories.

Moderate-Sensitivity

D-Dimer Assays

The sensitivity, specificity, negative pre-
dictive values, positive and negative LRs,

and their respective 95% CIs for the stud-
ies that used moderate-sensitivity D-
dimer assays are demonstrated in
TABLE 4. Data are presented for each
clinical probability estimate category. The
negative LRs are not sufficiently low to
exclude DVT without ultrasound among
patients with moderate and high pre-
test probability estimates. Among these
patients, the probability after testing for

- ______________________________________________________________________________________________]
Table 4. Accuracy Measures in the Moderate-Sensitivity D-Dimer Studies

Clinical Probability

Before Testing Study Sensitivity, % Specificity, % NPV, % LR+ (95% ClI) LR- (95% CI)
Low Wells et al,’ 2003 93 73 100 7 (2.9-4.6) 0.10 (0.01-1.41)
Kraaijenhagen et al,'® 2002 87 67 98 6 (2.3-3.1) 0.20 (0.11-0.36)
Kearon et al,¢ 2001 80 88 99 4 (3.6-11.4) 0.23 (0.04-1.31)
Anderson et al,?’ 2000 90 85 99 7 (4.3-10.4) 0.12 (0.01-1.68)
Anderson et al,** 2003 85 73 99 2(2.5-4.1) 0.20 (0.07-0.58)
Shields et al,*? 2002 NE 80 98 0(2.7-9.9) 0.32 (0.03-3.50)
Weighted average (95% Cl) 86 (79-92) 78 (71-83) 99 (98-99) 0 (3.0-5.4) 0.20 (0.12-0.31)
Moderate Wells et al,™® 2003 94 60 98 4 (2.0-2.8) 0.10 (0.03-0.38)
Anderson et al,** 2003 80 72 94 9 (2.4-3.6) 0.27 (0.17-0.43)
Kraaijenhagen et al,’® 2002 94 57 96 2 (2.0-2.5) 0.11 (0.05-0.21)
Shields et al,*? 2002 93 53 98 1(1.5-3.0) 0.14 (0.01-1.97)
Kearon et al,? 2001 71 69 94 3(1.6-3.2) 0.42 (0.23-0.80)
Anderson et al,?” 2000 67 84 94 2(2.0-9.0) 0.40 (0.16-1.00)
Weighted average (95% Cl) 85 (73-93) 66 (58-73) 95 (93-97) 4(2.1-2.7) 0.23 (0.13-0.39)
High Wells et al,™® 2003 83 44 79 5(1.2-1.9) 0.39 (0.20-0.77)
Anderson et al,* 2003 84 48 77 6(1.3-2.0) 0.34 (0.20-0.56)
Shields et al,® 2002 80 71 71 8(0.8-9.4) 0.28 (0.07-1.06)
Kraaijenhagen et al,'® 2002 98 44 91 7(1.5-2.1) 0.05 (0.02-0.14)
Kearon et al,?® 2001 94 43 75 7 (1.0-2.6) 0.13 (0.03-0.59)
Anderson et al,?” 2000 87 87 87 5(1.8-24.0) 0.15 (0.04-0.57)
Weighted average (95% Cl) 90 (80-95) 49 (40-58) 81 (74-86) 1.7 (1.5-1.9) 0.20 (0.10-0.38)

Abbreviations: Cl, confidence interval; LR+, positive likelihood ratio; LR—, negative likelihood ratio; NE, not estimable; NPV, negative predictive value.

]
Table 5. Accuracy Measures in the High-Sensitivity D-Dimer Studies

Clinical Probability

Before Testing Study Sensitivity, % Specificity, % NPV, % LR+ (95% ClI) LR- (95% CI)

Low Bates et al,® 2003 97 69 100 3(2.7-3.9) 0.04 (0-0.65)
Schutgens et al,™ 2003 96 51 99 2.0(1.7-2.4) 0.07 (0.01-0.51)
Bucek et al,*' 2002 83 53 99 1(1.7-2.6) 0.32 (0.03-3.99)
Weighted average (95% Cl) 95 (82-99) 58 (45-71) 99 (97-100) 4(1.7-3.3) 0.10 (0.03-0.37)

Moderate Bates et al,’ 2003 94 52 99 0(1.6-2.4) 0.11 (0.02-0.76)
Schutgens et al,'* 2003 100 40 99 1.7 (1.5-1.9) 0.01 (0-0.16)
Aguilar et al,*® 2002 98 32 99 5(1.3-1.7) 0.06 (0-0.85)
Weighted average (95% ClI) 98 (91-100) 41 (31-52) 99 (96-100) 7(1.5-1.9) 0.05 (0.01-0.21)

High Bates et al,® 2003 98 40 98 7(1.3-2.1) 0.06 (0-0.85)
Schutgens et al,™ 2003 98 34 90 5(1.3-1.7) 0.07 (0.03-0.20)
Weighted average (95% Cl) 97 (94-99) 36 (29-43) 92 (81-97) 5(1.4-1.7) 0.07 (0.03-0.18)

Abbreviations: LR+, positive likelihood ratio; LR—, negative likelihood ratio; NPV, negative predictive value.
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DVT is greater than 1% (see negative pre-
dictive values in TABLE 5). When com-
bined with a negative D-dimer result, di-
agnostic imaging and anticoagulant
therapy can be safely withheld for pa-
tients with a low clinical probability es-
timate since the negative LR (0.20; 95%
CI, 0.12-0.31) is such that the probabil-
ity after testing for DVT is less than 1%.

High-Sensitivity D-Dimer Assays
The sensitivity, specificity, negative pre-
dictive values, positive and negative LRs,
and their respective 95% Cls for the
studies that used high-sensitivity D-
dimer assays are demonstrated in
Table 5. When combined with a nega-
tive D-dimer result, diagnostic imaging
and anticoagulant therapy can be safely
withheld in patients with a low (LR,
0.10; 95% CI, 0.03-0.37) or moderate
clinical probability estimate (LR, 0.05;
95% CI, 0.01-0.21) because they create
a probability estimate after testing for
DVT of less than 1%. With a high clini-
cal probability estimate, a normal D-
dimer result does not have an LR low
enough so that the probability of DVT
becomes less than 1%. These results sug-
gest pooling D-dimer data may not be
appropriate. TABLE 6 demonstrates the
probabilities after testing for the differ-
ent clinical probability estimates accord-
ing to the D-dimer results and the table
notes provide an explanation of the ap-
plication of Bayes theorem. Assessing the
clinical impact of different sensitivity D-
dimer assays on venous thromboem-
bolic outcomes requires assumptions
about the proportions of patients in each
clinical probability category, since they
have not been compared in head-to-
head comparisons. This type of assess-
ment is best performed by a formal de-
cision analysis in which D-dimer assay
accuracies and DVT prevalence are var-
ied and this is beyond the scope of this
article. We would suggest that compara-
tive studies are required to provide more
definitive conclusions.

Are Serial Ultrasounds Needed?
Should a negative D-dimer result after
anormal ultrasound suggest a need for
serial ultrasonography?

©2006 American Medical Association. All rights reserved.
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]
Table 6. Probabilities by Clinical Probability Estimate Combined with D-Dimer Assays After

Testing*
Clinical Probability Estimatet
I 1
Low Moderate High
Point estimate for deep vein thrombosis likelihood 5 17 53
Probability for positive D-dimer after testing 11 25 63
(high sensitivity)
Probability for negative D-Dimer after testing 0.5 1 8.6
(high sensitivity)
Probability for positive D-dimer after testing 17 34 67
(moderate sensitivity)
Probability for negative D-dimer after testing 0.9 4.4 19

(moderate sensitivity)

*Probability after testing from application of Bayes Theorem.

TPosttest odds = pretest odds X likelihood ratio; pretest odds derived from pretest probability as follows: pretest
odds = pretest probability/(1 - pretest probability). Similarly posttest probability derived from posttest odds by post-
test odds/(1 + posttest odds). For example using a negative result with a high-sensitivity D-dimer if patient is low
pretest probability then pretest odds = 0.05/.95 = 0.052. Next posttest odds = 0.052 X 0.10 (from Table 5) = 0.0052.
Convert to posttest probability by 0.052/1.0052 = 0.052 or 0.5%.

Five studies reported sufficient data
to enable the determination of the LR
for a negative D-dimer result when the
clinical probability estimate was
moderate or high and the initial
ultrasound was normal (data not
shown).**153* Two studies used a high-
sensitivity D-dimer.”'* Since the prob-
ability of DVT after an initially nega-
tive ultrasound is low, the LR for a
negative D-dimer result ranges from
0.22 to 0.45 and results in a probabil-
ity of DVT of less then 1% after test-
ing. Thus, regardless of the clinical
probability estimate, a negative D-
dimer result using a moderately sensi-
tive D-dimer assay combined with a
negative initial ultrasound safely obvi-
ates the need for serial ultrasonogra-
phy. However, caution must be used
when performing D-dimer testing
in patients with prolonged symptoms
of suspected DVT or after a prolonged
period of heparin therapy (>24
hours).*®

SCENARIO RESOLUTION

The clinician has already determined
that the patient has a low pretest
probability for DVT. The D-dimer
result is now determined to be nega-
tive and therefore the probability of
DVT after testing is sufficiently low
(<1%) that the diagnosis can be
safely ruled out. If the D-dimer result
had been positive, the patient would

require ultrasound imaging. In pa-
tients with low pretest probability, the
combination of a normal ultrasound
and positive D-dimer result also reli-
ably excludes clinically important
DVT without the need for follow-up
ultrasound (probability after testing
<1%). If the ultrasound result is
abnormal, it is usually considered pre-
dictive of DVT, although the probabil-
ity after testing may be as low as 90%.
Therefore, consideration should be
given that it may be a false-positive
result. Small, isolated, single-vein,
nonocclusive ultrasound results have
been reported to be falsely positive,
mostly since they represent chronic
DVT.”

BOTTOM LINE

Outpatients presenting with sus-
pected DVT should be initially as-
sessed using a validated clinical pre-
diction rule. The clinical prediction
published by Wells et al'® has been as-
sessed and validated in multiple clini-
cal studies and can accurately catego-
rize outpatients as low, moderate, or
high clinical probability. Using this
model, less than 5% of outpatients clas-
sified as low clinical probability have
DVT. No other prediction tools met our
eligibility criteria. A recent study sug-
gests the prediction rule may not work
in the primary care setting but limita-
tions in the design of that study (in par-
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ticular, failure to prospectively apply the
rule as the diagnostic strategy) neces-
sitate further research in primary care.*
Validation studies of the model are re-
quired for hospitalized patients.
Incorporating D-dimer testing into
a diagnostic algorithm further simpli-
fies the management of a patient’s case
when he or she presents with sus-
pected DVT. Once the clinical prob-
ability has been estimated, the D-
dimer result can be combined to
determine if DVT can be safely ruled
out without use of diagnostic imag-
ing. Currently, the diagnosis of DVT can
be excluded without the need for ul-
trasound by using a combination of low
clinical probability estimate and a nega-
tive D-dimer result, and this strategy
should apply to as much as 40% of pa-
tients referred with suspected DVT. It
should be kept in mind that ultra-
sound may provide information help-
ful to establish an alternative diagno-
sis but ultrasound imaging for DVT is
not required for every patient. Al-
though the data are more limited, it
seems likely that serial testing after an
initially normal ultrasound result can

be confined to high-probability pa-
tients with positive D-dimer results. Pa-
tients with moderate probability and a
negative high-sensitivity D-dimer can
have DVT ruled out.

Among patients with high clinical
probability estimates, a normal
D-dimer result does not have a suffi-
ciently low LR. Therefore, all high-
probability patients require diagnostic
imaging to safely rule out DVT. Thus,
D-dimer assays should not affect ini-
tial management for patients with a
high probability of a DVT, because all
of them require diagnostic imaging.

The specificity of D-dimer assays de-
creases as the clinical probability esti-
mate increases; this leads to more false-
positive test results, thereby limiting its
utility. This emphasizes that D-dimer
should not be used as a screening test
and indeed some advocate that D-
dimer assays should not be used for pa-
tients at high risk for a false-positive re-
sult, ie, elderly patients, patients with
cancer, and hospitalized patients.
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Society in its full sense . . . is never an entity sepa-
rable from the individuals who compose it. No indi-
vidual can arrive even at the threshold of his poten-
tialities without a culture in which he participates.
Conversely, no civilization has in it any element which
in the last analysis is not the contribution of an indi-
vidual.

—Ruth Benedict (1887-1948)
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