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The Modified Wells Score Accurately Excludes Pulmonary Embolus in
Hospitalized Patients Receiving Heparin Prophylaxis
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BACKGROUND: The usefulness of the Wells score has not been assessed in hospitalized patients receiving prophylactic
heparin.

METHODS: Retrospective, observational study of hospitalized patients receiving prophylactic heparin who underwent
contrast-enhanced chest computed tomography (CT) for a concern of pulmonary embolism (PE) more than 2 days after
admission. Patients with contraindications to, or interruptions in, prophylactic heparin were excluded. The modified (eg,
dichotomous) Wells score was retrospectively calculated by reviewing each patient’s record. Requesting a d-dimer was taken
to mean that alternate diagnoses were of equal or greater likelihood than acute PE.

RESULTS: From January 2006 through December 2007, 286 patients met inclusion criteria. Pulmonary embolus diagnosed by
CT was present in 20 patients (7%). The sensitivity, specificity, positive and negative predictive values of a Wells score >4.0
were 95%, 27%, 9% and 99%, respectively. A d-dimer was ordered in 70 of the 74 PE-unlikely cases, was elevated in 67, and
falsely positive in all but 1.

CONCLUSIONS: The prevalence of PE in hospitalized patients receiving prophylactic heparin is lower than in cohorts from

which the Wells prediction criteria were derived and validated. A modified Wells score <4 safely excludes PE in such

patients and reduces the need for CT. D-dimer testing adds nothing to the evaluation. Journal of Hospital Medicine

2011;6:190-194. © 2011 Society of Hospital Medicine.
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Symptoms, signs, chest radiograms, electrocardiograms and
laboratory data have a low specificity for the diagnosis of
pulmonary embolism (PE) when used in isolation, but when
used in combination they can accurately identify patients
with an increased likelihood of having a PE."”” The Wells
score combines multiple variables into a prediction tool
(Table 1). The original model identified three categories of
patients with increasing likelihoods of having a PE,° but a
simpler, dichotomous version was subsequently proposed.’
A sequential diagnostic strategy combining the dichotomous
Wells rule with a serum d-dimer test has been validated
against contrast-enhanced spiral computed tomography
(CTPE) on cohorts comprised largely of ambulatory outpa-
tient and emergency room patients.>'® This method, how-
ever, has never been tested in hospitalized patients who
were receiving heparin in doses designed to prevent the de-
velopment of venous thromboembolism (VTE). The purpose
of this study was to evaluate the utility of the modified Wells
score to predict the presence or absence of PE in hospital-
ized patients who were receiving prophylactic heparin.

Methods
We screened consecutive patients who underwent CTPE
studies from January 2006 through December 2007 at
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Denver Health, a university-affiliated public hospital.
Inclusion criteria were patients between 18 and 89 years
of age who underwent CTPE imaging 2 or more days
after being hospitalized, and had been receiving fractio-
nated or unfractionated heparin in doses appropriate for
preventing the development of deep venous thrombosis
from the time of admission. Patients were excluded if
they had signs or symptoms that were consistent with a
diagnosis of PE at the time of admission, if they had a
contraindication to prophylactic anticoagulation or if their
prophylactic heparin therapy had been interrupted for
any reason from the time prior to when the CTPE was
ordered.

Patients were grouped depending on the service or loca-
tion of their admission (ie, Medicine, Surgery, Orthopedics,
Medical or Surgical Intensive Care Units). The objective
elements of the Wells score were obtained by reviewing
each patient’s history and physical examination, progress
notes and discharge summary. Patients were considered to
have an alternate diagnosis of equal or greater likelihood
than a PE if a d-dimer was ordered, or if such a possibility
was suggested by the treating clinician in the computerized
order for the CTPE. The modified Wells score was used
to classify patients into PE-likely (total score >4) or PE-



TABLE 1. Modified Wells Criteria

Symptoms and signs of deep-vein thrombosis 3.0
Heart rate >100 beats per minute 15
Recent immobilization or surgery (<4 weeks) 1.5
Previous VIE 15
Hemoptysis 1.0
Active cancer 1.0
PE more likely than alternate diagnosis 3.0

NOTE: Total score >4 = PE-likely, <4 = PE-unlikely.
Abbreviation: VTE, venous thromboembolism.

Screened: 446

Included: 286 Excluded: 160

- Inconsistent or no heparin: 131
- Preexisting signs or symptoms of PE: 18
- Therapeutic anticoagulation: 11

FIGURE 1. Patient selection.

unlikely (total score <4).” Fisher’s exact test was used to
analyze the 2 x 2 table. P< 0.05 was taken to represent
significance.

The Colorado Multiple Institutional Review Board
approved this study with a waiver of informed consent.

Results

Of 446 patients who had CTPEs during the study period
286 (64%) met the inclusion criteria (Figure 1). Those who
were excluded included 131 who did not receive continu-
ous prophylactic anticoagulation from the time they were
admitted to the time of the CT, 18 who had preexisting
signs or symptoms and signs consistent with a diagnosis
of PE at the time of admission, and 11 who were receiving
therapeutic anticoagulation. The patients were hospitalized
on different units and on a number of different services
(Table 2).

Low molecular weight heparin was given to 165 patients
(dalteparin, 5000 units, once daily), unfractionated heparin
to 120 patients (104 receiving 5000 units twice daily and 16
receiving 5000 units 3 times a day) and 1 patient was given
a Factor Xa inhibitor (fondaparinux 2.5 mg once daily) due
to a history of heparin induced thrombocytopenia.

Hypoxia and tachycardia were the most common reasons
for requesting a CTPE in instances in which an indication
for CT imaging was documented. In almost 28% of patients,
however, the reason for suspecting PE was not apparent on
chart review (Table 3).

The prevalence of PE was 20/286 (7.0%, 95% CI (confi-
dence interval): 4.0-10.0). On the basis of the Wells score
212 patients (74%) were classified as PE-likely and 74
(26%) as PE-unlikely. Immobility or recent surgery, tachy-

TABLE 2. Prevalence of Pulmonary Embolism

Total Patients PE PE Likely
Medicine 89 7 (8%) 59 (66%)
Surgery 55 0 (0%) 43 (78%)
Orthopedics 57 6 (11%) 43 (75%)
MICU 24 3 (13%) 20 (83%)
SICU 61 4 (7%) 47 (77%)
Total 286 20 (7%) 212 (74%)

Abbreviations: CTPE, CT thorax per PE protocol; MICU, medical intensive care unit; PE, pulmonary
embolism; SICU, surgical intensive care unit.

TABLE 3. Clinical Symptoms and Signs Leading to
Consideration of PE

Patients (%)

Hypoxia 118 (41)
Hypoxia + tachycardia 45 (16)
Tachycardia 32 (11)
Chest pain 10 (3)
Hemoptysis 1(0.3)
Not specified 80 (28)
Total 286 (100)

Abbreviation: PE, pulmonary embolism.

cardia and the absence of a more plausible diagnosis
were the most common contributors to the final score
(Table 4).

Nineteen of the 20 patients (95%) who had PE diagnosed
on the basis of a positive CTPE were risk-stratified on the
basis of the Wells score into the PE-likely category, and 1
(5%) was classified as PE-unlikely. Of the 266 patients whose
CTPEs were negative 193 (73%) were classified as PE-likely
and 73 (27%) as PE-unlikely (P < 0.03). Accordingly, the
modified Wells score was 95% sensitive for having a diagno-
sis of PE confirmed on CTPE, the specificity was only 27%,
the positive predictive value was only 9% and the negative
predictive value was 99%(Table 5) with negative likelihood
ratio of 0.19.

A d-dimer was ordered for 70 of the 74 patients (95%)
who were classified as PE-unlikely. In 67 of these (96%)
the test was positive, and in all but 1 the result was falsely
positive. D-dimer testing was also obtained in 8 of 212
(4%) of patients classified as PE-likely and was positive in
all 8.

Discussion

This retrospective cohort study demonstrated that in hos-
pitalized patients who were receiving prophylactic doses of
fractionated or unfractionated heparin and underwent
CTPE studies for the clinical suspicion of PE, the preva-
lence of PE was very low, the modified Wells rule classified
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TABLE 4. Distribution of Wells Rule Variables

n (%)
Symptoms and signs of deep-vein thrombosis 12 (6)
Heart rate >100 beats per minute 119 (60)
Recent immobilization or surgery (<4 weeks) 179 (90)
Previous VTE 10 (5)
Hemoptysis 1 (<)
Active cancer 18 (9)
PE more likely than alternate diagnosis 131 (66)

Abbreviations: PE, pulmonary embolism; VTE, venous thromboembolism.

26% of the patients as PE-unlikely, and the PE-unlikely cat-
egory was associated with an extremely high negative pre-
dictive value and low negative likelihood ratio for PE. We
also confirmed that the prevalence of a positive d-dimer
was so high in this population that the test did not add to
the ability to risk-stratify patients for the likelihood of hav-
ing a PE. These findings lead to the conclusion that CTPE
studies were performed excessively in this cohort of
patients.

Previous studies validating the Wells score enrolled com-
binations of inpatients and outpatients®'® or outpatients
exclusively.'*'®> To our knowledge the present study is the
first to validate the utility of the scoring system in inpatients
receiving prophylactic anticoagulation. As would be
expected, the prevalence of PE in our population was lower
than the 9% to 30% that has previously been reported in
patients not receiving prophylactic anticoagulation,®'* con-
sistent with the 68% to 76% reduction in the risk of deep ve-
nous thrombosis that occurs with use of low-dose heparin
or low molecular weight heparin.'®

Similar to the findings of Arnason et al.”* a large propor-
tion of this inpatient cohort was classified as PE-likely on
the basis of only 3 of the 7 variables—tachycardia, immobil-
ity or previous surgery, and the absence of a more likely
competing diagnosis.

The d-dimer was elevated above the upper limit of nor-
mal in nearly all the cases in which it was tested (96%).
Bounameaux et al.'® first suggested that conditions other
than VTE could increase the plasma d-dimer level. D-dimer
levels above the cutoff that excludes thrombosis have been
documented in absence of thrombosis in the elderly and in
patients with numerous other conditions including infec-
tions, cancer, coronary, cerebral and peripheral arterial vas-
cular disease, heart failure, rheumatologic diseases, surgery,
trauma burns, and pregnancy.'®?' Van Beek et al.** and
Miron et al.?® demonstrated that d-dimer testing was not
useful in hospitalized patients. Kabrhel et al.** reported sim-
ilar results in an Emergency Department cohort and con-
cluded that d-dimer testing increased the percent of
patients who were investigated for PE and the percent that
were sent for pulmonary vascular imaging without increas-
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TABLE 5. Diagnostic Utility of Wells Rule in Patients on
Heparin Prophylaxis

CTPE
Wells Rule Positive Negative Total
PE likely 19 193 272
PE unlikely 1 73 74
Total 20 266 286
Sensitivity 0.95
Specificity 0.27
Positive predictive value 0.09
Negative predictive value 0.99
Positive likelihood ratio 1.31
Negative likelihood ratio 0.18
Two-sided P value 0.03

Abbreviations: CTPE, computed tomography imaging seeking evidence of pulmonary embolism; PE,
pulmonary embolism.

ing the percent of patients diagnosed as having a PE. In our
cohort, 74 patients (26%) were classified as PE-unlikely, and
we theorize that 67 (90%) of these underwent CTPE studies
solely on the basis of having a positive d-dimer. All but one
of the CTPEs in the patients with positive d-dimers were
negative for PE confirming the that the low specificity of d-
dimer testing in hospitalized patients also applies to those
receiving prophylactic anticoagulation.

The Wells rule was associated with a high negative pre-
dictive value (99%) and a corresponding low negative likeli-
hood ratio of 0.19, with both of these parameters likely
being strongly influenced by the low prevalence of PE in
this cohort.

In most longitudinal controlled studies of heparin-based
prophylaxis the incidence of VTE in all medical and most
surgical patients approximates 5%.?>° If this were taken to
represent the pre-test probability of VTE in patients on pro-
phylaxis in whom the question of PE arises, then according
to Bayesian theory, a PE-unlikely classification with a nega-
tive likelihood ratio of 0.19 would result in a post-test prob-
ability of less than 1%. This is well below the threshold at
which diagnostic imaging delivers no benefit and in fact,
may cause harm. Accordingly, PE can be safely excluded in
those who are risk-stratified to PE-unlikely, with or without
an accompanying negative d-dimer. The average charge for
a CTPE at our institution is $1800 and the 2009 cost/charge
ratio was 54%. Accordingly, the cost savings to our hospital
if CTPEs were not done on the 74 patients classified as PE-
unlikely would exceed $66,000/year.

Our study has a number of potential limitations. Because
the data came from a single university-affiliated public hos-
pital the results might not generalize to other hospitals
(teaching or nonteaching). Despite finding a very low preva-
lence of PE in patients receiving prophylactic heparin, the
true prevalence of PE might have been overestimated since



our sample size was small and Denver Health is a regional
level I trauma center and has a busy joint arthroplasty serv-
ice, i.e., services known to have an increased prevalence of
venous thrombosis.'® If the prevalence of PE were indeed
lower than what we observed, however, it would decrease
the number of true positive and false negative CTPEs which
would, in turn, further strengthen the conclusion that
CTPEs are being overused in hospitalized patients receiving
prophylactic heparin who are risk-stratified to a PE-unlikely
category. Similarly, because our sample size was small we
may have underestimated the prevalence of PE. Our narrow
ClIs, and the fact that the prevalence we observed is consist-
ent with the effect of prophylaxic heparin on the incidence
of VTE suggest that, if an error were made, it would not be
large enough to alter our conclusions.

Our analysis did not include patients in whom PE was
excluded without performing CTPE testing. If these patients
had CTPEs the large majority would be negative because of
a very low pretest probability and risk-stratification would
have placed them in a PE-unlikely category (ie, true nega-
tives), thereby also increasing the negative predictive value
of the Wells score used in this setting.

We calculated the Wells score retrospectively as was pre-
viously done in studies by Chagnon et al.,'' Righini et al,'*
and Ranji et al.*’ (although the methods used in these stud-
ies were not described in detail). We assumed that whenever
a d-dimer test was ordered the treating physician thought
that PE was less likely than an alternate diagnosis reasoning
that, if they thought PE were the most likely diagnosis, d-
dimers should not have been obtained as, in this circum-
stance, they are not recommended as part of the diagnostic
algorithm.? Conversely, we assumed that for patients who did
not get d-dimer testing, the treating physician thought that
PE was the most likely diagnosis. Alternatively, the physicians
might not have ordered a d-dimer because they recognized
that the test is of limited clinical utility in hospitalized
patients. In this latter circumstance, the number of PE-likely
patients would be overestimated and the number of PE-
unlikely would be underestimated, reducing the strength of
our conclusions or potentially invalidating them. Since the
accuracy of prediction rules mirrors that of implicit clinical
judgment, however, we suggest that, for most of the patients
who had CTPEs performed without d-dimers, the ordering
physician had a high suspicion of PE*®?° and that the large
majority of PE-likely patients were correctly classified.

In summary, we found that CTPE testing is frequently
performed in hospitalized patients receiving prophylactic
heparin despite there being a very low prevalence of PE in
this cohort, and that risk-stratifying patients into the PE-
unlikely category using the modified Wells score accurately
excludes the diagnosis of PE. The problem of overuse of
CTPEs is compounded by the well-recognized misuse of d-
dimer testing in hospitalized patients. On the basis of our
findings we recommend that, when hospitalized patients
who are receiving heparin prophylaxis to prevent VIE de-
velop signs or symptoms suggestive of PE they should be

risk-stratified using the modified Wells criteria. In those clas-
sified as PE-unlikely PE can be safely excluded without fur-
ther testing. Using this approach 26% of CTPEs done on the
cohort of hospitalized patients we studied, and all d-dimers
could have been avoided. If the results of our study are
duplicated in other centers these recommendations should
be included in future guidelines summarizing the most cost-
effective ways to evaluate patients for possible PE.
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