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 ABSTRACT
Purpose: The Wells rule is widely used for clinical assessment of patients with suspected deep vein thrombosis 
(DVT), especially in the secondary care setting. Recently a new clinical decision rule for primary care patients (the 
primary care rule) has been proposed, because the Wells rule is not suffi cient to rule out DVT in this setting. The 
objective was to compare the ability of both rules to safely rule out DVT and to effi ciently reduce the number of 
referrals for leg ultrasound investigation that would result in a negative fi nding. 
Methods: Family physicians collected data on 1,086 patients to calculate the scores for both decision rules before 
leg ultrasonography was performed. In all patients D-dimer (dimerized plasmin fragment D) testing was performed 
using a rapid point-of-care assay. Patients were stratifi ed into risk categories defi ned by each rule and the D-dimer 
result. Outcomes were DVT (diagnosed by ultrasonography) and venous thromboembolic complications or death 
caused by a possible thromboembolic event during a 90-day follow-up period. We calculated the differences 
between the 2 rules in the number of missed diagnoses and the proportions of patients that needed ultrasound 
testing. 
Results: Data from 1,002 eligible patients were used for this analysis. A venous thromboembolic event occurred 
during follow-up in 7 patients with a low score and negative D-dimer fi nding, both with the Wells rule (7 of 447; 
1.6%; 95% confi dence interval [CI], 0.7%–3.3% ) and the primary care rule (7 of 495; 1.4%; 95% CI, 0.6%–3.0%). 
Using the Wells rule, 447 patients (45%) would not need referral for further testing compared with 495 patients 
(49%) when using the primary care rule (McNemar P <.001). 
Conclusions: In primary care, suspected DVT can safely be ruled out using either of the 2 rules in combination 
with a point-of-care D-dimer test. Both rules can reduce unnecessary referrals for compression ultrasonography 
by about 50%, though the primary care rule reduces it slightly more. 
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 INTRODUCTION

 With an annual incidence of 1 to 2 per 1,000 
inhabitants, deep vein thrombosis (DVT) is relati-
vely rare in primary care, but it is feared for its 
associated morbidity and mortality if left untreated. 
(1-4) When a family physician suspects DVT, most 

patients will be referred for additional testing. After 
the introduction of compression ultrasonography, 
the number of primary care patients referred for 
this noninvasive technique, which is highly 
accurate, increased progressively, partially because 
of improved accessibility and greater awareness for 
possible DVT. The result has been an increased 
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number of diagnosed DVTs but at less-effi cient use 
of resources and increased costs. (5) 

Despite its widespread accessibility, ultrasono-
graphy may not be needed in all patients suspected 
of DVT. The availability of D-dimer (dimerized 
plasmin fragment D) testing made it possible to 
combine clinical assessment with this laboratory 
test to rule out DVT without the need for imaging 
tests. (6) A diagnostic algorithm, based on a decision 
rule developed by Wells and colleagues that in-
cluded information from a patient’s medical history 
and physical examination, followed by D-dimer 
testing, is now used to guide management in many 
hospitals worldwide (Table 1). (7) In the hospital 
setting the combination of a low clinical probability 
based on this decision rule and a negative D-dimer 
test result safely rules out DVT without the need 
for additional investigations. (7,8) In all other cases, 
(serial) compression ultrasonography is indicated.

TABLE 1. Wells Rule and the Primary Care Rule 
Scoring to Rule Out Deep Vein Thrombosis (DVT)

Variables Wells 
Rule

Primary 
Care Rule

Male sex – 1
Oral contracepti ve use – 1
Presence of acti ve malignancy (within 
last 6 mo)

1 1

Immobilizati on paresis/plaster lower 
extremiti es

1 –

Major surgery (last 3 mo) 1 1
Absence of leg trauma – 1
Localized tenderness of deep venous 
system

1 –

Dilated collateral veins (not varicose) 1 1
Swelling, whole leg 1 –

Calf swelling 3 cm 1 2

Pitti  ng edema confi ned to the 
symptomati c leg

1 –

Previously documented DVT 1 –
Alternati ve diagnosis at least as likely 
as DVT

–2 –

Positi ve D-dimer result – 6
Cutoff  scores for considering DVT as 
absent

<1 < 3

Concerns have been raised that this strategy may 
not be as safe in primary care. A validation study 
showed that the Wells rule did not adequately rule 
out DVT in primary care patients, as 2.9% (95% 
confi dence interval [CI] 2.5%–3.3%) of patients 
with DVT were missed, even after applying a 
qualitative, highly sen sitive D-dimer test. (9) This 
outcome was most likely because patient charac-
teristics differed between primary and secondary 
care populations. One element in the Wells rule is 

an estimated probability of an alternative diagnosis, 
which primary care physicians and specialists might 
judge differently. The prevalence of thrombosis is 
low in primary care, and primary care physicians 
have a limited experience with it. 

As a result, a specifi c primary care rule that 
included input from the patient history, physical 
examination, and a D-dimer test result (but without 
the subjective prior-probability estimation) was 
developed from data collected from 1,295 primary 
care patients with suspected DVT and referred for 
evaluation by ultrasonography. Of 16 variables, a 
model with 8 variables, including a quantitative 
D-dimer test result, was constructed using multi-
variate logistic regression analysis and excluding 
variables with a P value of >.10 based on the log 
likelihood ratio test. For the decision rule, named 
the primary care rule, the regression coeffi cients of 
the variables were transformed to integers according 
to their relative contributions to the risk estimation 
(Table 1). (5,10) The rule has been validated in 
various subgroups as well. (11,12) 

A simple, rapid, bedside D-dimer test, using point-
of-care assays performed with capillary blood, makes 
it possible to further enhance strati fi cation of patients 
in the primary care setting. (13)These qualitative 
D-dimer tests have a lower sensi tivity and higher spe-
cifi city than do quantitative tests. (14) 

A diagnostic management study recently showed 
that primary care physicians can safely rule out 
DVT in approximately one-half of patients who 
they suspect have DVT by using the primary care 
rule (Table 1) and including a qualitative point-of-
care D-dimer test. (15) A direct comparison of the 
Wells rule with the primary care rule combined 
with a point-of-care D-dimer test in an unselected 
primary care population has never been performed. 
(16) We therefore compared the safety and effi ciency 
of both rules to rule out a diagnosis of DVT in 
primary care patients using the data from the above-
mentioned study (15) to determine which of these 
rules performs best. Because the Wells rule was 
derived and validated without D-dimer testing, and 
the primary care rule was derived and validated 
with quantitative D-dimer testing, we assessed both 
rules without D-dimer testing and then with a point-
of-care qualitative D-dimer test. 

METHODS

Study Population
The study included 1,086 unselected patients 

with clinically suspected DVT seen by more than 
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300 general practitioners in the Netherlands. The 
study’s objective was to establish the safety and 
effi ciency of ruling out DVT in primary care 
patients in a true management setting. The main 
results have been published elsewhere. (15) Patients 
were eligible if they had 1 or more of the following 
symptoms: swelling, redness, or pain of the lower 
extremity. Patients were excluded if they were 
younger than 18 years or had received low-molecular-
weight heparin or vitamin K antagonists. The study 
was approved by the local review boards. 

Data Collection
During the patient encounter, the primary care 

physicians registered all data needed to calculate 
the score of both decision rules, their most likely 
diagnosis, and the results of a D-dimer test on 
specifi c case record forms. All D-dimer testing was 
performed using a rapid point-of-care D-dimer 
assay (Clearview Simplify D-dimer Assay, In-
verness Medical, Bedford, United Kingdom). 
Patient management was based on the primary care 
rule as calculated by the attending physician. 
Patients with scores of 3 or less were not referred 
for ultrasonography and were not prescribed anti-
coagulant treatment, whereas patients with scores 
of 4 or more were referred for compression ultra-
sonography. The case record forms were forwarded 
to the investigators immediately. Patients were 
followed up after 5 to 9 days by their physician. 

Three months after entering the study, all patients 
received a questionnaire addressing signs and 
symptoms of venous thromboembolism. Patients 
who did not respond (30%) were contacted through 
their general practitioners. Additional medical 
information was obtained about the patients from 
their general practitioners if any venous throm-
boembolic event was suspected. During 90 days of 
follow-up, venous thromboembolic complications 
and death caused by a possible thromboembolic 
event, confi rmed by an independent adjudication 
committee, were recorded for all patients. 

Calculation of Both Scores
To compare the safety and effi ciency of the 2 

rules, we calculated each patient’s score on the 
Wells rule and recalculated the score on the primary 
care rule. The last item of the Wells rule (an 
alternative diagnosis as likely or more likely than 
DVT) was not explicitly coded by the primary care 
physicians. For this analysis, an alternate diagnosis 
was coded when the physician registered an 
alternative diagnosis from a prespecifi ed list of 9 

possible diagnoses. 
For the Wells rule, patients with a score of 1 or 

less and a negative D-dimer result were assigned to 
the low-risk group, and patients with a score of 2 or 
more or a positive D-dimer result were assigned to 
the high-risk group. For the primary care rule, a score 
of 3 or less and a negative D-dimer result indicated a 
low risk, and a score of 4 or more or a positive 
D-dimer result, a high risk. Originally a D-dimer test 
result was incorporated in the primary care rule 
(Table 1), (5) whereas in the Wells rule it was taken 
into account after the clinical score was estimated. 
To be able to make a direct comparison between both 
rules, we computed the score of the primary care rule 
with and without the D-dimer test result. 

Missing Data
A total of 2.7% of the patients had a missing 

values for 1 or more of the items included in the 2 
rules. Because deleting records with missing values 
not only leads to reduced power but also to biased 
results, (17-19) missing values were handled with 
multiple imputation, using the SAS procedure MI 
(SAS/STAT 9.2, SAS Institute, Cary, North 
Carolina). 

Outcome
We assessed the safety of the Wells rule and the 

primary care rule by calculating the number of 
patients who during 3 months of follow-up had a 
missed diagnosis of a thromboembolic event 
defi ned as symptomatic venous thromboembolism, 
including fatal pulmonary embolism, nonfatal 
pulmonary embolism, and deep venous thrombosis. 
We also calculated the effi ciency of both rules by 
comparing the number of patients that needed 
referral for ultrasonography. 

RESULTS

Of the 1,086 patients, 58 met 1 or more of the 
exclusion criteria, and in another 26 patients, 
management was not completed according to 
protocol (eg, management without a decision rule 
and unsuccessful or other than point-of-care 
D-dimer testing). (15) 

The data from the remaining 1,002 patients 
(97%) were used for our analysis (Figure 1). The 
mean age of included patients was 58 years, and 
37% were male. Suspicion of deep venous 
thrombosis was based on complaints of leg pain 
(87%) and leg swelling (78%). The median duration 
of symptoms was 5 days. Of 1,002 patients, 136 
(14%) had DVT confi rmed by objective testing. 
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Three patients were lost to follow-up.
Without including the D-dimer assay result, 607 

patients (61%) received scores indicating low risk 
of suspected DVT in both rules, and 130 (13%) 
received scores indicating high-risk (Table 2). In 
265 patients (26%) the rules were discordant: the 
Wells score was high but the primary care score 
low in 243 patients (24%), whereas in 22 patients 
(2%) the primary care score was high but the Wells 

score was low.
TABLE 2. Concordance Between the Wells Rule and 
Primary Care Rule Without the D-Dimer Test

Wells Rule
Primary Care 
Rule

High Score, 
2 No. (%)

Low Score, 
1 No. (%)

Total No. (%)

High score, 4 130 (13) 22 (2) 152 (15)

Low score, 3 243 (24) 607 (61) 850 (85)

Total 373 (37) 629 (63) 1,002 (100)

FIGURE 1. Study fl ow chart
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Without additional D-dimer testing, by applying 
the Wells rule, 373 patients (37%) were at high risk 
for DVT (score >1), whereas by applying the 
clinical items of the primary care rule, 152 (15%) 
were at high risk (score >4). These patients must be 
referred for ultrasonography regardless of D-dimer 
test results. In the patients not assessed as being at 
high risk for DVT, the D-dimer test was negative in 
447 of 629 (71%) for the Wells rule and in 495 of 
850 (58%) for the primary care rule. These patients 
would not need a diagnostic ultrasonography. This 
difference was signifi cant (McNemar test; P <.001). 

For both rules we found that 7 thromboembolic 
events occurred within the 3 months of follow-up 
in patients with a low score on the clinical items 
and a negative D-dimer: 7 of 447 (1.6%) for the 
Wells rule and 7 of 495 (1.4%) for the primary care 
rule (Table 3). Of these 7 patients, 4 would be 
missed by both rules, whereas in 3 patients the 
results of the decision rules were discordant.

When applying the decision rules and D-dimer 
testing, 555 patients (55%) would be referred by 
the Wells rule compared with 507 (51%) by the 
primary care rule (McNemar test; P <.001). Of the 
555 patients who would be referred for ultra-
sonography by the Wells rule, 129 (23%) had DVT 
confi rmed compared with 129 of 507 (25%) when 
applying the primary care rule, a nonsignifi cant 
difference. (P = .40) 

DISCUSSION

If only those patients with a low score and a 
negative D-dimer test were not referred for 
ultrasonography, DVT would have been missed in 
1.6% with the Wells rule and in 1.4% with the 
primary care rule. These percentages of missed 
cases are comparable to that of ultrasonography 
only, implying that the safety of both decision rules 
is comparable to that of objective testing. (20) To 
achieve these results, fewer patients need D-dimer 
testing when using the Wells rule, but 4% more will 
have to be referred for compression ultrasonography. 

For 100 patients a primary care physician has either 
to use 22 more D-dimer assays at a cost of $220 
(assuming $10 per assay) when applying the pri-
mary care rule (85 high-scoring patients compared 
with 63 high-scoring patients with the Wells rule) 
or to refer 4 more patients for ultrasonography at a 
cost of $240 (assuming $60 per procedure) when 
using the Wells rule (55 high-scoring patients 
compared with 51 high-scoring patients with the 
primary care rule). Expressed differently, to save 1 
referral for compression ultrasonography, an ad-
ditional 5 or 6 D-dimer tests have to be performed 
when using the primary care rule. 

Even though patients in our study were managed 
using the primary care rule, we believe that our 
fi ndings are robust. In our large cohort of primary 
care patients, all data were recorded prospectively, 
and only 3 of 1,002 cases were lost to follow-up. 
Although we could not ascertain that every con-
secutive patient was included, it is likely that our 
cohort is representative for all patients seen in 
primary care. Furthermore, we applied blinded 
assessment of outcomes by using ultrasonography 
or an independent adjudication committee that was 
not aware of the diagnostic procedure. 

To appreciate our results, however, a few aspects 
need to be addressed. First, the items for both rules 
were recorded simultaneously, and we calculated 
the scores for both rules centrally and independently. 
Although the case record form was designed in 
such a way that clinical data were collected before 
D-dimer testing was performed, we cannot exclude 
that attending physicians documented the “presence 
of an alternative diagnosis,” one of the most im-
portant items of the Wells rule, knowing the result 
of the primary care rule and of the D-dimer test. 
Usually such bias leads to a dilution of the difference 
between both tests, ie, the accuracy of the Wells 
rule and primary care rule become more alike. (21- 
23) The D-dimer test result, however, will also be 
available in everyday practice, and given that the 
positive predictive value of the primary care rule 
for the clinical items is only 36% (15) and the 

TABLE 3. Patients With Low Scores on Both Rules, With and Without a Negative D-Dimer Result, 
and (Missed) Thromboembolic Events

Wells Rule (N=1,002) Primary Care Rule 
(N=1,002)

Outcome No. (%) 95% CI No. (%) 95% CI
Low CDR score without D-dimer 629 (63) 60-66 850 (85) 83-87
Low CDR score and D-dimer negati ve 447 (45) 42-48 495 (49) 47-54
VTE in pati ents with low score and D-dimer negati ve 7 (1.6) 0.4-2.7 7 (1.4) 0.6-2.9
CDR=clinical decision rule; CI=confi dence interval; D-dimer = dimerized plasmin fragment D; 
VTE = venous thromboembolism (deep vein thrombosis or pulmonary embolism).
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negative predictive value is 91.7% (compared with 
87.5% in the complete study population), the 
infl uence of this possible bias must not be 
exaggerated. 

Second, the primary care rule was developed 
and validated as a comprehensive instrument that 
included clinical items and a quantitative D-dimer 
test. We compared the original Wells rule with the 
primary care rule without the D-dimer test by 
leaving out the D-dimer assay from the originally 
developed rule. As a result, the relative weights of 
the remaining items would likely be higher because 
part of the information covered by the deleted 
D-dimer test would be included by the other items. 
We did not adjust for this likelihood, possibly 
underestimating the performance of the primary 
care rule without the D-dimer assay compared with 
the Wells rule. 

Finally, judged against previous studies carried 
out with quantitative tests, the Wells rule and point-
of-care D-dimer testing performed better than ex-
pected, (9,11) in that our results were more similar 
to those of earlier studies in secondary care. (24) 
Our fi ndings could be explained by a different 
performance of the point-of-care D-dimer test. 
Other potential explanations might be the direct 
comparison of both rules in this study and a different 
case mix. We included all patients suspected of 
having a DVT by their primary care physician, 
whereas in most previous studies patients were 
included when a primary care physician judged 
ultrasound testing to be necessary. (24) 

The overall prevalence of 14% confi rmed venous 
thromboembolic events strengthens the external 

validity of our fi ndings. This prevalence is somewhat 
lower than found in earlier studies, probably 
because we performed a primary care–based study. 
D-dimer testing was performed with capillary 
whole blood using a point-of-care assay. In this 
way D-dimer measurement could be performed in 
the general practitioner’s offi ce or at the patient’s 
home. The D-dimer test alone in this setting had a 
sensitivity of 86% and a specifi city of 61%. (15) 
The relatively high specifi city contributed to a good 
clinical effi ciency, ie, a relatively large proportion 
of patients could safely be spared referral for 
ultrasonography. Using another (less-specifi c) 
assay, as was the case in previous studies that used 
a laboratory based D-dimer test with venous blood, 
might result in more referrals for imaging. (25) 

This study shows that DVT can safely be ruled 
out in primary care by using either decision rule. A 
low clinical probability, in combination with a ne-
gative point-of-care D-dimer test result, spares 
almost 50% of the patients traveling to a secondary 
care facility for ultrasonography. 

When using the primary care rule, in every 100 
patients at least 4 ultrasound procedures can be 
prevented at the cost of 22 additional D-dimer 
assays (5 to 6 assays per ultrasound test spared). 
Direct medical costs per patient thus will be about 
the same, but when using the primary care rule, 
fewer patients will be referred for ultrasonography. 
The relatively compact primary care rule, which 
does not require a subjective prior-probability 
estimation, therefore seems more convenient for 
both patients and for physicians. 
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