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The Wells Rule Does Not Adequately Rule Out Deep Venous

Thrombosis in Primary Care Patients

Ruud Oudega, MD; Arno W. Hoes, MD, PhD; and Karel G.M. Moons, PhD

Background: Using data from secondary care outpatients, Wells
and colleagues developed a diagnostic rule to estimate the prob-
ability of the presence of deep venous thrombosis (DVT). The
accuracy of the Wells rule has not been properly validated for use
in primary care patients in whom DVT is suspected.

Objective: To validate the diagnostic accuracy of the Wells rule,
with and without p-dimer testing, in a primary care setting.

Design: Cross-sectional study with prospective data collection
from 1 January 2002 to 1 March 2003.

Setting: 110 primary care practices in a circumscribed geographic
region in The Netherlands.

Participants: 1295 consecutive patients who consulted their pri-
mary care physician about symptoms suggestive of DVT.

Measurements: All patients underwent history-taking and phys-
ical examination to calculate the Wells rule score, and p-dimer

testing. Repeated leg ultrasonography was the reference standard
to determine the true presence or absence of DVT.

Results: In the primary care setting, 12.0% of patients in the
low-risk group had DVT; the original study by Wells and col-
leagues reported a rate of 3% among such patients. When com-
bined with negative results on a p-dimer test, the Wells rule
yielded a prevalence of DVT of 2.9% in the lowest-risk group,
whereas the prevalence was 0.9% in the original study.

Limitations: Patients with previous DVT were included, and the
diagnostic reference standard was different from that used in
Wells and colleagues’ original study.

Conclusion: The Wells rule, alone or in combination with p-
dimer testing, does not guarantee accurate estimation of risk in
primary care patients in whom DVT is suspected.
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ecognition of or ruling out deep venous thrombosis

(DVT) in primary care patients is notoriously difficult
because of the limited number of diagnostic tools available
at this level of care and the wide variety of nonthrombotic
disorders that can mimic the clinical presentation of DVT
(1, 2). Proper diagnosis, however, is important: Patients
with untreated DVT may develop pulmonary embolism,
whereas unjustified therapy with anticoagulants poses a risk
for major bleeding (2).

The diagnostic work-up of patients in whom DVT is
suspected includes history-taking; physical examination;
and after referral, D-dimer testing and compression ultra-
sonography or venography (2, 3). The tools commonly
available to primary care physicians for diagnosis of DVT
are patient history, physical examination, and rapid
D-dimer testing. On the basis of results of these methods,
the primary care physician must decide which patients
should be referred for additional, more burdensome, and
costly tests in secondary care.

Various investigators have attempted recently to tailor
further work-up by using a combination of symptoms and
signs to discriminate among patients with a low, moderate,
or high probability of having DVT (4-9). Only a few of
these studies, however, investigated which diagnostic find-
ings independently contribute to the discrimination be-
tween the presence and absence of DVT, and few investi-
gators have constructed a formal diagnostic rule on the
basis of their findings (4—7). The rule developed by Wells
and colleagues (hereafter referred to as the Wells rule) is by
far the best known and most often applied (9-14).

The Wells rule was based on data obtained from re-
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ferred patients suspected of having DVT who attended
secondary care outpatient clinics. Although it is often ar-
gued that secondary care outpatients are similar to primary
care patients, differences may exist because of the referral
mechanism of primary care physicians (15, 16). The true
diagnostic or discriminative accuracy of the Wells rule has
never been formally validated in primary care patients in
whom DVT is suspected. A validation study is needed
because the performance of any diagnostic or prognostic
prediction rule tends to be lower than expected from data
in the original study when it is applied to new patients,
particularly when these patients are selected from other
settings (17-20).

We sought to quantify the diagnostic performance of
the Wells rule in primary care patients and compare it with
the results reported in the original studies by Wells and
colleagues (5, 13).
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MEeTHODS
The Wells Rule

Using 9 variables from patient history and physical
examination, Wells and colleagues developed and tested a
diagnostic rule to assess the clinical probability of DVT in
patients in whom the disorder was suspected (5, 21, 22)
(Table 1). The rule was developed and validated by using
data from 593 consecutive referred secondary care out-
patients in whom DVT was suspected and the diagnosis of
DVT could not be excluded on clinical grounds. Suspicion
of DVT was defined as pain in or swelling of the lower
extremity. The final diagnosis was made by using compres-
sion ultrasonography (reference test) and was confirmed by
venography. Proximal DVT was diagnosed when not all
veins were compressible on leg ultrasonography. Ninety-
five of the 593 patients had DVT (prevalence, 16%): The
disease was diagnosed at the initial testing in 85 patients
and by venography or serial ultrasonography in 7 patients.
Three other patients were initially thought not to have
DVT but developed thromboembolic events during the
3-month follow-up.

The rule developed by Wells’ group included the sum-
mation of the number of diagnostic variables present (0 to
8), minus 2 if another diagnosis was just as or more likely
to explain the presented symptoms or signs (Table 1). Ac-
cordingly, a score of —2 indicated the lowest risk for pres-
ence of DVT and 8 the highest. We refer to this version of
the Wells rule as the original Wells rule (5, 21, 22). Using
this original scoring rule, Wells and colleagues then catego-
rized the 593 patients into 3 risk groups: low (score = 0),
medium (score of 1 or 2), or high (score = 3). Patients in the
lowest-risk group did not undergo a second ultrasonography.
We term this latter version of the Wells rule the caregorized
Wells rule.

In a recently introduced version of the Wells rule (13),
patients with a Wells score of 1 or less and a normal result
on D-dimer testing were defined to be at very low risk for
DVT. Leg ultrasonography could safely be omitted in these
patients. This version of the rule further decreased the

Table 1. The Wells Rule To Estimate the Probability of Deep
Venous Thrombosis

Clinical Feature Score

Active cancer 1

Paralysis, paresis, or recent plaster 1
immobilization of the lower extremity

Recently bedridden for more than 3 days or 1
major surgery within 4 weeks

Localized tenderness along the distribution of 1
the deep venous system

Entire leg swollen 1

Calf swelling by more than 3 cm when 1
compared with the asymptomatic leg

Pitting edema (greater in the symptomatic leg) 1

Collateral superficial veins (nonvaricose) 1

Alternative diagnosis as likely or more possible =2
than that of deep venous thrombosis
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Context

Physicians sometimes use a 9-item clinical rule (the Wells
rule) to assess probability of deep venous thrombosis
(DVT). In the original study that developed the Wells rule,
only 3% of patients who were classified as low risk by the
rule had DVT.

Contribution

A total of 110 primary care physicians assessed 1295 con-
secutive outpatients with symptoms suggestive of DVT
and then referred them to hospitals for diagnosis with leg
ultrasonography. Twelve percent of patients who were
classified as low risk by the physicians’ Wells rule assess-
ments had DVT.

Implications

Low-risk categorization by the Wells rule may not safely
rule out DVT in all primary care patients.

—The Editors

number of unnecessary ultrasonographies in the lowest-risk
group without increasing the number of missed cases of
DVT. Other researchers, however, recently suggested using
a Wells score of 0 or less plus a normal result on D-dimer
testing to categorize a patient as being at very low risk and
thus not requiring further work-up (9).

External Validation Study in Primary Care Patients

From 1 January 2002 to 1 March 2003, we prospec-
tively identified consecutive adult (age > 18 years) patients
who visited their primary care physician and were clinically
suspected to have DVT. The suspicion of DVT was based
on swelling, redness, or pain in the legs that had been
present for 30 days or less. Patients in whom pulmonary
embolism was also suspected were excluded. We conducted
the study in a large, circumscribed geographic region of
The Netherlands that included 3 nonteaching hospitals
with a catchment area of 110 primary care physicians and
about 250 000 inhabitants. Just before the start of the
study, the participating general practitioners received de-
tailed instructions by mail on how to use the necessary
questionnaires, including the Wells rule. They also at-
tended a specially organized conference and workshop on
the logistics of the study and received a newsletter that
included information about the progress of the project 4
times yearly. The diagnostic work-up, including study
forms for documentation of patient information and refer-
ral of patients for further work-up, was integrated into the
regular work-up of primary care patients. All 110 primary
care physicians in the catchment area participated in the
study. On average, 9 to 10 patients with suspected DVT
per physician per year were included. The study area, par-
ticipating general practitioners, and study patients can be
considered representative of the country.
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After informed consent was obtained, the primary care
physician systematically documented information on the
patient’s history and physical examination by using a stan-
dard form on which the items and possible answers were
specified. Patient history included sex, presence of previous
DVT, family history of DVT, history of cancer (active
cancer in the past 6 months), immobilization for more
than 3 days, recent surgery (within the past 4 weeks), and
duration of the 3 main symptoms (a painful, red, or swol-
len leg). Physical examination included the presence of ten-
derness along the deep venous system, distention of collat-
eral superficial (nonvaricose) veins, pitting edema, swelling
of the affected limb, and a difference between the circum-
ference of the 2 calves.

The 9 items of the Wells rule (Table 1) were also
included in the standard form for patient history and phys-
ical examination. All of the items were measured according
to the original Wells rule (5, 21, 22). The last item of the
rule—presence of an alternative diagnosis—has never been
unambiguously defined and often causes controversy
among users of the rule (23). In our study, physicians were
asked to give their own assessment of the patient’s proba-
bility of having DVT by using a score of 1 to indicate high
probability of DVT, no alternative diagnosis likely; 2 to
indicate moderate probability of DVT, alternative diagno-
sis possible; or 3 to indicate low probability of DVT, al-
ternative diagnosis certain. To tailor the judgment of the
physician on this item, 7 common alternative diagnoses for
patients with suspected DVT were provided on the study
form. If a low or moderate probability was assigned to a
patient, we subtracted 2 points from the Wells score in the
analysis. The items of the Wells score were documented
only for the purposes of our study and were not used to
determine a patient’s further diagnostic work-up.

After history taking and physical examination, all pa-
tients were referred to the hospital for D-dimer testing and
leg ultrasonography (24). Venous blood was drawn from
the anterior cubital vein and analyzed by using established
methods according to the manufacturer’s recommenda-
tions. The analyses were performed with 1 of 2 highly
sensitive D-dimer tests: an enzyme-linked immunosorbent
assay (VIDAS, bioMérieux, Lyon, France) or a quantitative
latex assay method (Tinaquant, Roche, Mannheim, Ger-
many), depending on the laboratory routine of the partic-
ipating hospital. Both assays have minimal risk for missing
patients with DVT (25, 26). In line with the available
guidelines and previous studies, the result of D-dimer test-
ing was considered abnormal if the assay yielded a D-dimer
level of 500 ng/mL or greater (26, 27).

Finally, as a reference test to determine the true pres-
ence or absence of DVT (3, 28), each patient underwent
real-time, B-mode compression ultrasonography of the
lower extremities by using a 5- to 7.5-MHz linear-array
sonographic scanner (system V, GE Healthcare, Milwau-
kee, Wisconsin). Color duplex imaging was used to iden-
tify venous vessels and venous flow patterns and was re-
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peated 7 days later in patients with a normal result on
ultrasonography. Proximal DVT was considered present if
results of 1 of the 2 ultrasonographic tests were abnormal.
The ultrasonogram was considered abnormal when the
common femoral vein, the superficial femoral vein, or the
popliteal vein up to the trifurcation was not completely
compressible. Obstruction of the iliac veins was tested with
color duplex imaging (2, 29, 30). The person who per-
formed the imaging was blinded to patient history, findings
on physical examination, and results of D-dimer testing.

The study protocol was approved by the Medical Eth-
ical Committee of the University Medical Center Utrecht,
Utrecht, the Netherlands.

Statistical Analysis

We validated the categorized Wells rule by quantifying
per score the overall proportion of patients and the actual
prevalence of DVT. The sensitivity, specificity, negative
predictive value, and likelihood ratio for a negative test
result (negative likelihood ratio = [1-sensitivity]/specific-
ity), with corresponding 95% Cls, were manually calcu-
lated. Because ruling out DVT is the main purpose of both
the Wells rule and the D-dimer assay, the positive predic-
tive value and the likelihood ratio for a positive test result
are not presented. For similar reasons, only the diagnostic
accuracy variables for the threshold between the low Wells
score and the medium and high scores are presented.

The above analysis was repeated for the Wells rule in
combination with results of D-dimer testing, both as orig-
inally proposed by Wells and colleagues (13) (DVT is
ruled out if score is = 1 and D-dimer assay result is normal)
and as proposed by others (9) (DVT is ruled out if score is
= 0 and D-dimer assay result is normal).

If data on a patient were missing, the research physi-
cian contacted the patient’s primary care physician imme-
diately after the study forms were received. Nonetheless, 1
or more study variables was missing for 127 patients (45
patients had a missing value on 1 or more of the 9 items of
the Wells rule). The missing data per study variable ranged
from only 0.4% to 4% (the lowest was 5 missing responses
for “paralysis or recent immobilization of the lower extrem-
ity,” and the highest was 52 missing responses for “throm-
bosis in family”). We imputed the missing values of all
study variables by using a linear regression method with
the addition of a random error term (SPSS software, ver-
sion 12.0 for Windows, SPSS, Inc., Chicago, Illinois) (17,
31, 32). We also performed a complete case analysis. Be-
cause this yielded similar results to those obtained after
imputation, only the results after imputation are presented.

Role of the Funding Sources

The funding sources had no role in the design, con-
duct, or reporting of the study or in the decision to submit
the manuscript for publication.
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Figure. Study protocol and outcome.
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Suspected DVT
(n =1326)
Excluded patients
(n=31)
4
Included patients
(n = 1295)
4
v v
Low risk Medium risk High risk
(Wells score < 0) (Wells score 1 or 2) (Wells score > 3)
(n =507) (n=321) (n =467)
Wells
, \ A \ score
Positive | | Negative Positive | | Negative Positive | | Negative
for DVT | | for DVT for DVT || for DVT for DVT | | for DVT
(n=61) | [(n=446) (n=53) | |(n=268) (n=175)| [(n =292)
Wells score <0 Wells score <0 Wells score 1 or 2 Wells score 1 or 2
and normal result and abnormal result and normal result and abnormal result
on p-dimer test on p-dimer test on p-dimer test on p-dimer test Wells
(n =222) (n = 285) (n=283) (n =238) score
and
p-dimer
Y Y A test
Negative | | Positive Negative | | Positive Negative | | Positive Negative | | Positive
for DVT || for DVT for DVT | | for DVT for DVT | | for DVT for DVT || for DVT
(n=217)|| (n=5) (n=229)| | (n=56) (n =80) (n=3) (n=188)| | (n =50)

Results of the clinical score as estimated by the Wells rule, compression ultrasonography, and D-dimer testing are given. DVT = deep venous thrombosis.

REsuLTS

Of the 1326 patients considered for inclusion, 31 were
excluded because the physician did not supply sufficient
information about fulfillment of the inclusion and exclu-
sion criteria (Figure). Table 2 shows the characteristics of
the 1295 included patients. Deep venous thrombosis was
diagnosed in 289 patients (prevalence, 22%); it was diag-
nosed on the first ultrasonogram in 284 patients and on
the second ultrasonogram obtained 1 week later in 5 pa-
tients. Results of D-dimer testing were normal in 403 pa-
tients (31%) and abnormal in 892 (69%).

The Wells score ranged from —2 points (61 patients)
to 8 points (1 patient); the median score was 1. Table 3
shows results of use of the categorized Wells rule without
findings on the D-dimer assay. Five hundred seven (39%)
patients were at low risk for DVT (score = 0), 321 (25%)
were at medium risk (score of 1 or 2), and 467 (36%) were
at high risk (score = 3). The observed prevalence of DVT

www.annals.org

was 12.0% (61 of 507 patients) among low-risk patients,
16.5% (53 of 321 patients) among medium-risk patients,
and 37.5% (175 of 467 patients) among high-risk patients.
When a threshold was introduced between the lowest score
and the other 2 scores, the sensitivity was 78.9%, specific-
ity was 44.3%, negative predictive value was 88.0%, and
negative likelihood ratio was 0.48.

Combining the Wells score with results of D-dimer
testing (Table 3) increased diagnostic accuracy and the
ability of the rule to exclude DVT. Two hundred twenty-
two patients (17% of all patients) at lowest risk for DVT
(score = 0) had a normal result on D-dimer testing. Five of
these 222 patients had DVT (prevalence, 2.3%). The sen-
sitivity increased to 98.3%, but the specificity was halved.
The negative predictive value also increased to 97.8%, and
the negative likelihood ratio decreased to 0.08. If a Wells
score of 1 or less was used in combination with a normal
result on D-dimer testing to categorize patients, 21% (in-
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Table 2. Patient Characteristics

Characteristic

Male sex, %
Mean age, y

Edema, %

Tender venous system, %

Collateral superficial veins, %
Alternative diagnosis likely, %
Prevalence of proximal deep venous thrombosis, %

Previous deep venous thrombosis, %
Recent trauma, %

Mean duration of symptoms, d
Active cancer present, %

Paralysis or immobilization, %
Bedridden or recent surgery, %

Calf swelling = 3 cm, %

Entire leg swollen, %

Patients
Current Study Study by Study by Kraaijenhagen
(n = 1295) Wells and and Coworkers
Colleagues (n = 1726)t
(n = 529)*

36 42 37
60, SD 17 57, SD 17 60
24 0 10
16 Not reported 15
7.8,SD 7.6 8.9, SD 10.6 7

6 13 13
14 12 6
14 6 15
43 Not reported 24
45 Not reported 35
62 Not reported 54
71 Not reported 37
20 Not reported 16
60 Not reported 50
22 16 22

* Reference 5.
T Reference 9.

stead of 17%) of the patients were categorized as being at
very low risk. The prevalence of missed cases of DVT,

however, increased to 2.9%.

DiscussioN

We validated the diagnostic decision rule for DV
with and without D-dimer testing, as developed in second-

Table 3. Diagnostic Performance of the Wells Rule

ary care outpatients by Wells and colleagues, in a primary
care setting. Compared with the original studies (5, 21,

22), the accuracy of the Wells rule without D-dimer testing
in our sample was worse than expected. In particular, the
overall proportion of patients in the lowest risk group

(Wells score = 0)—the most important group in which to
correctly rule out DVT—was relatively low (39% instead

Risk Category*

Current study
Score = 0
Score 1 or 2
Score = 3

colleaguest
Score = 0
Score 1 or 2
Score = 3

Score = 0
Score 1 or 2
Score = 3

Score = 0 and negative
p-dimer test result
Score = 1 and negative
p-dimer test result

Study by Wells and

Score = 1 and negative
p-dimer test result

Study by Kraaijenhagen
and coworkers§

Score = 0 and negative
p-dimer test result

Deep
Venous
Thrombosis
Present, n

61
53
175

10
32
53

71
133
208

10

Deep
Venous
Thrombosis
Absent, n

446
268
292
217

266

319
161

18
216

825
375
114
551

All
Patients,
n (%)

507 (39)
321 (25)
467 (36)
222 (17)

274 (21)

329 (55)
193 (33)

71(12)
218 (39)

896 (52)
508 (29)
322 (19)
561 (33)

Probability of
Deep Venous
Thrombosis, %

12.0 (10.9-13.1)

16.5 (15.4-17.6)

37.5(35.6-39.4)
23(1.9-2.7)

2.9 (2.5-3.3)

3.0 (2.0-4.0)
16.6 (14.8-18.4)
74.6 (72.4-76.8)

0.9 (0.4-1.4)

7.9 (7.0-8.8)
26.2 (24.9-27.5)
64.6 (63.1-66.1)

1.8(1.4-2.2)

Sensitivity, %t

78.9 (74.2-83.6)

98.3 (96.8-99.8)

97.2 (95.3-99.1)

89.5 (83.3-95.7)

97.7 (94.6-99.9)

82.8 (79.1-86.5)

97.6 (96.1-99.1)

Specificity, %t

44.3 (41.3-47.4)

21.6 (19.1-24.1)

26.4 (23.7-29.1)

64.1 (59.9-68.3)

45.5 (41.0-50.0)

62.8 (60.2-65.4)

41.9 (39.2-44.6)

Negative
Predictive Value,
%t

88.0 (85.2-90.8)

97.8 (95.8-99.8)

97.1 (95.0-99.2)

97.0 (95.1-98.9)

99.1 (97.8-99.9)

92.1 (90.3-93.9)

98.2 (97.2-99.2)

Negative
Likelihood
Ratio, %t

0.48 (0.37-0.59)

0.08 (0.03-0.13)

0.11 (0.04-0.17)

0.16 (0.09-0.23)

0.05 (0.01-0.20)

0.27 (0.22-0.34)

0.06 (0.03-0.09)

* Wells score = 0 = low risk, 1 or 2 = medium risk, and = 3 = high risk.
T Numbers in parentheses are 95% Cls.

F References 5 and 13.

§ Reference 9.
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Criterion for Diagnosis Study by Wells and Colleagues Study by Kraaijenhagen and Coworkers Current Study (n = 1295)
(n = 566)* (n = 1726)t
Missed Deep Proportion of Missed Deep Proportion of Missed Deep Proportion of
Venous Thrombosis  Initial Cohort, Venous Thrombosis Initial Cohort, Venous Thrombosis Initial Cohort,
(95% CI), % % (95% CI), % % (95% CI), % %
Score = 1 and normal p-dimer 0.9 (0.4-1.4) 39 - - 2.9(2.5-3.3) 21
test result
Score = 0 and normal p-dimer - - 1.8 (1.4-2.2) 33 2.3(1.9-2.7) 17
test result
Score = —1 and normal p-dimer — - - - 1.4 (0.2-2.6) 11
test result

* Reference 13.

T Reference 9.

of 55%), and the prevalence of DVT in that group was
unacceptably high (12.0% instead of 3%). Sensitivity,
specificity, and negative predictive value were substantially
lower than in the original study. Applying the Wells rule in
combination with D-dimer testing to avoid ultrasonogra-
phy decreased the percentage of missed DVT cases from
12.0% to 2.9% (sensitivity, 97.2%). However, this per-
centage of missed cases is too high (10-12, 33). In addi-
tion, the overall proportion of patients in the lowest-risk
group decreased from 39% to 21%, which largely out-
weighs the benefits of a lower percentage of missed DVT
cases. Use of other score thresholds of the Wells rule in
combination with a normal result on D-dimer testing to
categorize patients as being at very low risk for DVT did
not improve diagnostic accuracy variables (Table 4).

Prediction rules derived from a particular data set are
commonly overfitted and yield results or risk estimations
that are too optimistic when applied to other groups (17—
20, 34, 35). One important reason for the poor perfor-
mance of the Wells rule in our sample is the difference in
settings (secondary care outpatients versus primary care pa-
tients), which may have led to spectrum bias (15, 34-36).
The distribution of patient characteristics in our sample
differed from that of the original study (Table 2). We
included more elderly persons, women, and patients who
had undergone previous surgery and fewer patients with
active cancer. Also, secondary care patients are often pre-
selected by primary care physicians, which often influences
the prevalence of the disease under study and the distribu-
tion and diagnostic values of signs and symptoms (37).
The prevalence of DVT in our study was slightly (6%)
higher than that in the original study by Wells and col-
leagues. We think that the slightly higher prevalence is
most likely due to a difference in the definition and selec-
tion of patients in whom DVT was suspected.

As discussed elsewhere (23), a more general reason for
the poor performance of the Wells rule in other samples is
the potential for interobserver variability for the last item
(Table 1), “presence of an alternative diagnosis at least as
likely as that of DVT.” Scoring of this item is based on
subjective criteria and determined by the skills of the phy-

www.annals.org

sician. In our study, this item was scored by 110 primary
care physicians in their daily practice, rather than by a few
trained research physicians as in the study by Wells and
colleagues.

Recently, Fancher and associates (33) published a sys-
tematic review of the combination of D-dimer testing and
clinical probability of DVT according to the Wells rule in
11 studies of secondary care outpatients. A detailed defini-
tion of secondary care outpatients was not given. The
pooled results showed a prevalence of venous thromboem-
bolism in the lowest risk group of 0.4% to 0.5%, depend-
ing on the used D-dimer assay. These percentages are lower
than those that we found and those in the original studies
by Wells and colleagues (Table 3). The results of use of the
Wells rule without D-dimer test results were not reported.

To further enhance the clinical meaning of our study
and the inferences on the generalizability of the Wells rule
across different groups of patients in whom DVT is sus-
pected, we compared our results not only with this review
and the original studies by Wells and colleagues but also to
a validation study by Kraaijenhagen and coworkers, who
investigated secondary care outpatients referred by their
primary care physician (9). This latter study is large (1756
patients) and provided adequate numbers of patients in the
different risk categories. The sample, however, consisted of
referred outpatients. The sample studied by Kraaijenhagen
and coworkers (9) included the same percentage of patients
with cancer as that studied by Wells and colleagues (5), but
as in our study, Kraaijenhagen and coworkers included
more elderly persons, women, and patients who had un-
dergone surgery (Table 2). Wells and colleagues excluded
patients with a previous diagnosis of DVT, whereas Kraai-
jenhagen and coworkers excluded only patients with a pre-
vious diagnosis of DVT but no normalization of ultrasono-
graphic findings.

Table 3 shows the accuracy of the Wells rule as ap-
plied to the sample studied by Kraaijenhagen and cowork-
ers. The proportion of missed cases of DVT in the lowest
risk group (7.9%) was lower than that in our study but is
still unacceptably high. Combining the Wells score at a
threshold of 0 with a normal result on D-dimer testing
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decreased the proportion of missed cases to 1.8%, which
was a fraction lower than that which we observed (2.3%)
but is still twice as high as that found by Wells and col-
leagues (0.9%) (13). Of note, Wells and colleagues used a
threshold score of 1 or less (Table 3). In summary, the
Wells rule did not adequately rule out DVT in patients in
the study by Kraaijenhagen and coworkers (9), even though
the rule was applied to secondary care outpatients. The rule
did, however, perform better than in our study of primary
care patients in whom DVT was suspected (Table 4).

Our study had some methodologic problems and lim-
itations. First, besides the potential for interobserver varia-
tion, we used a 3-item question to score the last variable of
the Wells rule (“presence of an alternative diagnosis at least
as likely as that of DVT”) instead of a 1-item question as
used by Wells and colleagues. Although our measurement
seems more precise, it could have resulted in a different
performance of the Wells rule in our sample. Our percent-
age of patients with an alternative diagnosis is similar to
those of other studies but could not be compared with that
of the original study by Wells and colleagues because they
did not provide this information (8, 9). Second, we used a
different reference standard than did Wells and colleagues.
They used a single leg ultrasonography and a 3-month
follow-up visit (documentation of symptomatic DVT
within 3 months) as the reference standard in the lowest-
risk group, whereas we used repeated ultrasonography
without follow-up. Hence, it could be argued that in the
study by Wells and colleagues, the lowest-risk group in-
cluded patients with a negative initial ultrasonogram and
negative follow-up who actually had DVT that would have
been detected during repeated ultrasonography. Alterna-
tively, we did not have 3-month follow-up data on our
patients and may have missed some cases of DVT. How-
ever, if we had such follow-up data, the number of missed
cases of DVT in the lowest-risk group would probably be
higher than in the present results (Table 2), worsening the
performance of the Wells rule in primary care. Third, the
limited performance of the categorized Wells rule could be
due to the inclusion of patients with previous DVT; these
patients were excluded in the study that led to develop-
ment of the categorized Wells rule (5). To enhance com-
parability, we therefore validated the categorized Wells rule
in patients with a first DVT only (987 patients). The prev-
alence of DVT in each risk group did not change: 12.2%
in the low-risk group, 16.3% in the medium-risk group,
and 39.6% in the high-risk group.

Even though the difference in settings would be ex-
pected to compromise the accuracy of the Wells rule in our
sample, the fact remains that even in combination with a
normal result on D-dimer testing, the rule cannot be gen-
eralized to all patients in whom DVT is suspected, whether
in secondary or primary care. The question then arises
whether the Wells rule in combination with D-dimer test-
ing can be used by general practitioners to determine
which patients with suspected DVT should be referred to

106| 19 July 2005 | Annals of Internal Medicine | Volume 143 ¢ Number 2

secondary care and which could be safely kept under their
own surveillance. On the basis of our findings, we believe
that an unambiguous answer cannot yet be given. Investi-
gations, such as that by Wells and colleagues (5, 13), are
needed in primary care patients to develop a specific diag-
nostic rule to exclude DVT in these patients. Such a study
is in progress (38). Furthermore, we recently showed that
use of clinical findings only is insufficient to reach a deci-
sion on patient referral and concluded that in primary care,
D-dimer testing seems necessary to safely exclude DVT
without further work-up (39).

In conclusion, we found that the Wells rule, alone or
in combination with D-dimer testing, does not guarantee
accurate estimation of risk in primary care patients in
whom DVT is suspected. Because of the apparent differ-
ences between primary and secondary care, a diagnostic
rule combining patient history, physical examination, and
D-dimer assay findings that has been developed using only
primary care patients is of more value. Only in this way
will physicians be able to safely exclude DVT in primary

care patients.
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