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ABSTRACT

PURPOSE Diagnostic prediction models such as the Wells rule can be used for
safely ruling out pulmonary embolism (PE) when it is suspected. A physician’s
own probability estimate (“gestalt”), however, is commonly used instead. We
evaluated the diagnostic performance of both approaches in primary care.

METHODS Family physicians estimated the probability of PE on a scale of 0% to
100% (gestalt) and calculated the Wells rule score in 598 patients with suspected
PE who were thereafter referred to secondary care for definitive testing. We com-
pared the discriminative ability (c statistic) of both approaches. Next, we strati-
fied patients into PE risk categories. For gestalt, a probability of less than 20%
plus a negative point-of-care p-dimer test indicated low risk; for the Wells rule,
we used a score of 4 or lower plus a negative p-dimer test. We compared sensi-
tivity, specificity, efficiency (percentage of low-risk patients in total cohort), and
failure rate (percentage of patients having PE within the low-risk category).

RESULTS With 3 months of follow-up, 73 patients (12%) were confirmed to have
venous thromboembolism (a surrogate for PE at baseline). The c statistic was
0.77 (95% (I, 0.70-0.83) for gestalt and 0.80 (95% Cl, 0.75-0.86) for the Wells
rule. Gestalt missed 2 out of 152 low-risk patients (failure rate = 1.3%; 95% Cl,
0.2%-4.7%) with an efficiency of 25% (95% Cl, 22%-29%); the Wells rule missed
4 out of 272 low-risk patients (failure rate = 1.5%; 95% Cl, 0.4%-3.7%) with an
efficiency of 45% (95% Cl, 41%-50%).

CONCLUSIONS Combined with p-dimer testing, both gestalt using a cutoff of
less than 20% and the Wells rule using a score of 4 or lower are safe for ruling
out PE in primary care. The Wells rule is more efficient, however, and PE can be
ruled out in a larger proportion of suspected cases.

Ann Fam Med 2016;14:227-234. doi: 10.1370/afm.1930.

INTRODUCTION

ulmonary embolism (PE) can be considered in patients with a wide

variety of (pulmonary) symptoms, such as shortness of breath,

coughing, or pain on inspiration, but the diagnosis will be confirmed
in only 10% to 30% of patients in whom it is suspected.' Many diagnostic
procedures are therefore performed when PE is not present. To reduce the
number of these unnecessary procedures, guidelines recommend first iden-
tifying those patients having such a low probability of the condition that
referral or further diagnostics can safely be withheld.?? This risk stratifica-
tion can be based on either an implicit physician's estimate (“gestalt”) or a
formal diagnostic prediction model (such as the Wells rule or the [revised]
Geneva score).”¢ In patients identified as having a low probability of PE, a
negative D-dimer test result can safely rule out the condition.”®

Nowadays, formal prediction models are often regarded as a more

accurate way to estimate disease probability when compared with gestalt.
As they rely on predefined items, prediction models are easy to use, and
results are independent of the level of experience. On the other hand,
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gestalt enables incorporation of individual character-
istics, such as the patient-specific context, that are not
covered by prediction models. Many physicians main-
tain that a standardized prediction model, sometimes
even referred to as cookbook medicine, does not allow
for such individually tailored diagnostics as much as
gestalt does.’

The diagnostic performance of gestalt and predic-
tion models in cases of suspected PE has been com-
pared in several studies in secondary care, yet with
conflicting results because of substantial heterogeneity
across studies.'” In primary care, however, evidence
on the performance of gestalt in PE diagnosis is lack-
ing altogether. The results from studies on gestalt
performed in secondary care cannot directly be
generalized to a primary care setting because family
physicians do not come across patients with PE on a
daily basis and thus inherently have less experience in
recognizing the condition as compared with hospital
specialists. Moreover, hospital specialists often have
access to some basic laboratory and imaging tests (eg,
blood gas analysis, chest radiograph, electrocardio-
gram) before making a gestalt estimate. These tests
are usually not readily available in most primary care
settings. Nevertheless, family physicians do have
much experience in distinguishing severe disease (such
as PE) from mild illnesses. The ability to do so is often
a result of the contextual knowledge of their patients,
which is slowly constructed during the long-standing

relationship that family physicians have with most of
their patients."

Taking into account these possible merits and draw-
backs of gestalt in primary care, as well as the mixed
results regarding the comparison of gestalt vs diag-
nostic decision rules from studies in secondary care,
the aim of this study was to compare the diagnostic
performance of gestalt and the Wells rule for safely and
efficiently ruling out PE in a large primary care popula-
tion with symptoms suggestive of PE.

METHODS

We used prospectively collected data from the Dutch
AMUSE 2 (Amsterdam, Maastricht, Utrecht Study on
thromboEmbolism) cohort.” This cohort study was ini-
tially designed to evaluate the diagnostic performance
of the Wells rule combined with a qualitative D-dimer
test in a Dutch primary care setting. A total of 662
consecutive adult patients seeking care at any of the
300 participating family physicians with symptoms
raising suspicion of PE were invited to participate.
Sixty-four of these patients met 1 of the predefined
exclusion criteria, leaving 598 patients for further
evaluation (Figure 1). Further details of the cohort are
described elsewhere.” The study protocol was assessed
by the local institutional review board and exempted
from formal reviewing; nevertheless, informed consent
was obtained from all participants.

Figure 1. Flow of patients in the study.

| 662 patients invited |

4>| 64 met exclusion criteria

Y

| 598 patients included |

Y

73 had pulmonary
embolism

\ 4

525 did not have
pulmonary embolism

\ \ 4 \ 4
Concordant Discordant Concordant Discordant
Y Y Y Y Y Y Y Y
1 had 68 had 1 had Wells 3 had Wells 141 had 248 had 127 had Wells 9 had Wells
both tests both tests score >4, score <4, both tests both tests score <4, score >4,
negative positive gestalt <20% gestalt >20% negative positive gestalt >20% gestalt <20%

Note: Gestalt refers to the family physician’s estimation of the probability of pulmonary embolism.
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Diagnostic Strategies

In all participants, family physicians assessed relevant
information on general health, as well as specific car-
diopulmonary or deep venous thrombosis signs and
symptoms by systematically filling out a prespecified
case record form. The physicians were asked to pro-
vide an estimated probability of PE being present using
a visual analogue scale with a range from 0% to 100%
(gestalt) (Supplemental Appendix Figure 1, available

at http:/www.annfammed.org/content/14/3/227/suppl/
DC1). In addition, they calculated a Wells rule score
for each patient; possible scores range from 0 to 12.5,
with higher scores indicating a greater probability of
PE (Supplemental Appendix Table 1, available at http://
www.annfammed.org/content/14/3/227/suppl/DC1).
Finally, a qualitative point-of-care D-dimer test (Clear-
view Simplify) was performed in all patients.

Outcome Assessment

The study protocol required referral of all patients
with suspected PE to secondary care immediately
after assessment in primary care, and the standard
diagnostic pathway according to current local hospital
guidelines was followed, with no explicit blinding to
the family physician's findings. This process usually
entailed a combination of estimated probability and
quantitative laboratory-based D-dimer testing and, if
indicated, a spiral computed tomography scan of the
pulmonary arteries. The primary outcome was pres-
ence or absence of venous thromboembolism, based on
a combined reference standard of all diagnostic imag-
ing tests performed in the hospital (spiral computed
tomography, ventilation-perfusion scanning, pulmo-
nary angiography, leg ultrasonography, and clinical
probability assessment as performed in secondary care,
with or without D-dimer testing) and including any
occurrence of venous thromboembolic events during 3
months of follow-up in primary care.” Venous throm-
boembolism at this time point thus served as a surro-
gate for PE at baseline.

Statistical Analyses

Some patients were missing data for diagnostic vari-
ables: 0.5% were missing data for heart rate exceeding
100 beats/min, 2.7% for results of the D-dimer test, and
16% for gestalt probability. To minimize the effect of
bias associated with selectively ignoring these patients,
we imputed all missing data using multiple imputation
techniques before undertaking analyses.'>"?

The diagnostic performance of gestalt and the
Wells rule were compared using various methods.
First, we quantified and compared the ¢ statistic—
the area under the curve (AUC)—of the receiver
operating characteristic curve for gestalt and for the

Wells rule. An AUC of 0.5 reflects no discrimina-
tive ability, whereas an AUC of 1.0 indicates perfect
discrimination.

Second, we stratified patients into groups of high
or low predicted PE probability based on the gestalt
and on the Wells rule estimate, each combined with
the point-of-care D-dimer test. For gestalt, no com-
mon cutoff exists. We chose to apply a threshold for
low probability of gestalt of less than 20% estimated
probability and a negative D-dimer test, in line with
prior research in the field of venous thrombosis.'*!” In
sensitivity analyses, we assessed the impact of varying
this threshold between 10% and 30%. The low-risk
threshold used for the Wells rule was a score of 4 or
lower and a negative D-dimer test, in accordance with
previous publications."” We calculated the efficiency
(patients in the low PE probability category as a pro-
portion of total number of patients) and failure rate
(proportion of patients with PE in this low probability
category) of both strategies, along with sensitivity,
specificity, positive and negative predictive value (PPV
and NPV), and overall accuracy. These diagnostic
performance measures were compared. With the aim
of safely ruling out PE in primary care, we primarily
focused on safe exclusion (ie, high sensitivity, high
NPV, and low failure rate), and subsequently on effi-
cient exclusion of PE without further objective testing.

Finally, we hypothesized that family physicians
using gestalt can correctly identify those patients who
are at either very low or very high estimated risk. Nev-
ertheless, they likely have difficulties deciding whom
to refer in the group having intermediate (or uncertain)
estimated risk. We therefore also assessed a combined
approach, using gestalt, the Wells rule, and D-dimer
testing. According to this stepped approach, a D-dimer
test is performed if the estimated gestalt probability is
less than 20%. Then, a negative D-dimer result safely
rules out PE, whereas a positive test result is an indica-
tion for referral. In the case of an estimated probability
exceeding 80%, PE suspicion is so pronounced that the
patient is referred immediately, without further proce-
dures. In the remaining group with an estimated prob-
ability between 20% and 80%, the Wells rule, followed
by a D-dimer test in case of a score of 4 or lower, is
applied. We calculated the efficiency and failure rate
for this stepped approach as well.

All analyses were performed in IBM SPSS version
20. We assessed 2-sided statistical significance and
defined it as a P value of less than .05.

RESULTS

The cohort consisted of 598 patients with suspected
PE. Twenty-nine percent were male, and the mean age

ANNALS OF FAMILY MEDICINE «+ WWW.ANNFAMMED.ORG *+ VOL. 14, NO. 3 +* MAY/JUNE 2016

o 22 di


WWW.ANNFAMMED.ORG
WWW.ANNFAMMED.ORG
http://www.annfammed.org/content/14/3/227/suppl/DC1
http://www.annfammed.org/content/14/3/227/suppl/DC1
http://www.annfammed.org/content/14/3/227/suppl/DC1
http://www.annfammed.org/content/14/3/227/suppl/DC1

PULMONARY EMBOLISM

was 48 years. More baseline characteristics are pre-

sented in Table 1.

In all, 73 patients (12%) received a diagnosis of

venous thromboembolic disease (72 had PE and 1 had

deep venous thrombosis). The median gestalt estimated

Table 1. Baseline Characteristics of the Study Cohort (N = 598)

Final Diagnosis

PE Other

Characteristic (n=173) (n =525) P Value
Age, mean (SD), y 53 (15.0) 47 (16.0) .004
Male, No. (%) 25 (34.2) 148 (28.2) .29
Clinical signs and symptoms of DVT, No. (%) 26 (35.6) 31 (5.9) <.001
Alternative diagnosis less likely, No. (%) 61 (83.6) 272 (51.8) <.001
Heart rate >100/min, No. (%) 25 (34.2) 6 (16.4) <.001
Immobilization, No. (%) 23 (31.5) 1(13.5) <.001
Previous PE or DVT, No. (%) 18 (24.7) 6 (12.6) .005
Hemoptysis, No. (%) 5 (6.8) 6 (3.0) .19
Malignancy, No. (%) 5(6.8) 1(4.0) 42
Gestalt probability, median % (IQR) 70 (40.0) 30 (32.0) <.001
Wells rule score,® median (IQR) 4.5 (4.0) 3.0 (3.5) <.001
Positive p-dimer test,© No. (%) 61 (83.6) 198 (37.7) <.001

DVT = deep venous thrombosis; IQR =

< Clearview Simplify point-of-care assay.

2 Estimated PE probability by family physician.
b Possible values range from 0 to 12.5, with higher values indicating a greater probability of PE.

interquartile range; PE = pulmonary embolism.

pulmonary embolism.

Figure 2. Receiver operating characteristic curve of the Wells
rule and the family physician’s gestalt estimated probability of

1.0
0.8
0.6
Z
2
2
c
]
(%]
0.4 —
024V —— Gestalt as estimated by family physician;
AUC 0.77 (95% Cl, 0.70-0.83)
—— Wells rule as scored by family physician;
AUC 0.80 (95% Cl, 0.75-0.86)
Reference line
0.0 T T T T
0.0 0.2 0.4 0.6 0.8
1 - Specificity

AUC = area under the curve.

probability was 33% (interquartile range [IQR]=40%)

with a total range from 0% up to
95%. Patients in whom the diagnosis
of PE was confirmed ultimately had
a median gestalt estimated probabil-
ity of 70% (IQR =40%), compared
with 30% (IQR =32%) in those
without PE (P <.001).

As can be seen in Figure 2, both
gestalt and the Wells rule had good
overall discriminative ability for
diagnosing PE, with an AUC of 0.77
(95% CI, 0.70-0.83) and 0.80 (95%
Cl, 0.75-0.86), respectively.

On the basis of a gestalt esti-
mated probability of less than 20%
plus a negative D-dimer test, 152
patients had a low predicted PE
probability (efficiency =25%; 95%
Cl, 22%-29%) with a failure rate of
1.3% (95% CI, 0.2%-4.7%) (Table
2). The sensitivity and specificity
were 97% (95% CI, 90%-99%) and
29% (95% CI, 25%-33%), respec-
tively. A conservative threshold
(<10%) in combination with a nega-
tive D-dimer result was associated
with very low efficiency (44/598
patients, 7%, 95% CI, 5%-10%) and
2 missed cases (failure rate = 4.5%;
95% Cl, 0.5%-15.5%).

On the basis of a Wells rule score
of 4 or lower plus a negative point-of-
care D-dimer test result, 272 patients
were stratified into the group having
a low predicted PE probability (effi-
ciency =45%; 95% CI, 42%-50%), of
whom 4 patients ultimately received
a diagnosis of PE (failure rate = 1.5%;,
95% ClI, 0.4%-3.7%). Sensitivity and
specificity of the Wells rule were 95%
(95% CI, 87%-98%) and 51% (95%
Cl, 47%-55%), respectively.

For both diagnostic strategies,
performance measures were sub-
stantially lower when the strategy
was applied without the information
from the point-of-care D-dimer test
(Table 3). For example, sensitivity of
the Wells rule score fell from 95%
to 71%, and sensitivity of gestalt fell
from 97% to 90%.
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Table 2. Diagnostic Performance of the Wells Rule Score and the Gestalt Probability in Combination
With p-Dimer Testing to Rule Out Pulmonary Embolism

Wells Rule Score Gestalt Probability _Sensitivjty {\nalys:is: .
Performance <4 in Combination = <20% in Combination Gestalt in Combination With p-Dimer
Measure With p-Dimer Result With p-Dimer Gestalt Probability <10%  Gestalt Probability <30%
Sensitivity 69/73 (95) [87-98] 71/73 (97) [90-99] 71/73 (97) [90-99] 70/73 (96) [88-99]
Specificity 268/525 (51) [47-55] 150/525 (29) [25-33] 42/525 (8) [6-11] 216/525 (41) [37-45]
PPV 69/326 (21) [17-26] 71/446 (16) [13-20] 71/554 (13) [10-16] 70/379 (18) [15-23]
NPV 268/272 (99) [96-100] 150/152 (99) [95-100] 42144 (95) [85-99] 216/219 (99) [96-100]
Accuracy 337/598 (56) [52-60] 221/598 (37) [33-41] 113/598 (19) [16-22] 286/598 (48) [44-52]
Efficiency? 272/598 (45) [42-50] 152/598 (25) [22-29] 441598 (7) [6-10] 219/598 (37) [33-41]
Failure rate® 41272 (1.5) [0.6-3.7] 2/152 (1.3) [0.4-4.7] 2/44 (4.5) [1.3-15.1] 3/219 (1.4) [0.5-3.9]

NPV = negative predictive value; PPV = positive predictive value.
Note: Values are numerator/denominator (%) [95% Cl]. Gestalt probability was tested at various low-risk cutoffs: <10%, <20%, and <30%.

2 Proportion of low-risk patients in the total cohort (Wells rule score <4, gestalt probability of pulmonary embolism <10%, <20%, or <30%, and negative point-of-
care p-dimer test result) (ie, patients not referred for objective testing).
b The proportion of patients with pulmonary embolism in the low-risk group.

The stepped approach combining gestalt, the Wells Barais et al'® performed a qualitative study in a
rule, and D-dimer testing yielded efficiency and failure =~ French primary care setting. Using semistructured
rates comparable to those seen with the Wells rule plus  interviews, they aimed to define the process preceding
D-dimer test without gestalt (Table 4 and Figure 3). a confirmed diagnosis of PE. For all interviewed family

physicians, the diagnostic process was mainly driven

by intuitive factors, highlighting the importance of

DISCUSSION contextual knowledge and evidence in primary care.
Main Findings Given the qualitative nature of this study, however, it
In this study, we compared the performance of gestalt does not provide information on whether gestalt or a
and a formal diagnostic prediction model (ie, the prediction model is more suitable for efficiently and
Wells rule) for ruling out PE in suspected cases in safely identifying low-risk patients.

primary care. Both diagnostic strategies had good
overall discriminative ability with AUCs of 0.77 and

0.80, respectively. In combination with a qualitative Table 3. Diagnostic Performance of the Wells
Rule Score and the Gestalt Probability Without

D-dimer test result, both gestalt and the prediction ! 1
Point-of-Care p-Dimer Test

model could safely rule out PE; however, the number

of patients who need to be referred for objective test-

) . ) Performance Wells Rule Gestalt

ing was substantially lower when using the Wells rule Measure Score <4 Probability <20%

(efficiency = 45% vs 25%), as well as when using the Sensitivity 5273 (71.2) 66173 (90.4)

stepped approach. Specificity 401/525 (76.4) 189/525 (36.0)
Efficiency 422/598 (70.6) 196/598 (32.8)

Comparison With Existing Literature Failure rate 21/422 (5.0) 7/196 (3.6)

In 2011, Lucassen et al'® assessed the performance of )
Note: Values are numerator/denominator (%).

gestalt and prediction models for diagnosing PE in a

meta-analysis. They found substantial heterogeneity

among the studies evaluating gestalt; for instance, the . .
thresholds for low probability used ranged from 10% Table 4. Diagnostic Performance of the Stepped

to 40% across studies. Furthermore, all studies were Approach

conducted in a secondary care setting. Our current Performance Measure Values
findings, however, are in line with the main conclusions Sensitivity 68173 (93) [85.97]
of that meta-analysis: family physicians do very well in Specificity 2771525 (53) [48-57]
safely excluding patients at very low risk by combining Efficiency 282/508 (47) [43-51]
gestalt with D-dimer testing, yet at the price of refer- Failure rate 5/282 (1.8) [0.7-4.1]

ring (many) more patients as compared with using a :
Note: Values are numerator/denominator (%) [95% CI].

formal decision rule.
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first.

Figure 3. Flow of patients in the study according to the stepped approach whereby gestalt was applied

| 598 had suspected PE |

Y

196 had gestalt
probability <20%

Y Y

Y

381 had gestalt prob-
ability 20%-80%

Y

21 had gestalt
probability >80%

\4

152 had negative 44 had positive

| 235 had Wells score <4 |

| 146 had Wells score >4

p-dimer result p-dimer result

Y

Y

130 had negative
p-dimer result

105 had positive
p-dimer result

Y \ Y
No referral Referral No referral
2 had PE 5 had PE 3 had PE
150 did not 39 did not 127 did not
have PE have PE have PE

Y Y \4
Referral Referral Referral
12 had PE 38 had PE 13 had PE
93 did not 108 did not 8 did not

have PE have PE have PE

PE = pulmonary embolism.

Note: Further management depends on this estimated probability of pulmonary embolism presence: referral if predicted risk is high, no referral if predicted risk is low.
The diagnostic performance measures of the stepped approach are presented in Table 4.

Strengths and Limitations

The main strength of this study is that, to our knowl-
edge, it is the first to assess the diagnostic performance
of both gestalt and a PE prediction model in a primary
care setting among a large cohort of patients with sus-
pected PE.

Some limitations need to be addressed for full
appreciation of our findings, however. First, this is a
post hoc analysis of a prospective cohort study that
had a main aim of validating the Wells rule in a pri-
mary care setting. As such, the estimated probabilities
of PE by gestalt and the Wells rule were reported on
the same case report form, introducing the chance
of contamination of the estimates: gestalt might be
influenced by the score of the Wells rule. As a con-
sequence, the results of gestalt and the Wells rule
are likely to be more alike, leading to dilution of the
difference between the estimates. Nevertheless, we
found distinct differences between them in this study,
illustrated by the nearly universally overestimated
gestalt estimate. As such, we hypothesize that the pos-
sible contamination might have merely attenuated our
current inferences and that the real-life differences are
expected to be larger in favor of the diagnostic pre-
diction model.

Second, no consensus exists on the optimal thresh-
old for low and high estimated PE probability. For this
current analysis, we based the threshold on previously
used thresholds in this field of research." Furthermore,
we evaluated the performance using 3 cutoff values to
see how this would affect the diagnostic performance.
Rather than being viewed as absolute probabilities,
these thresholds should be seen as a reflection of the
degree of uncertainty, often categorized as low, inter-
mediate, or high estimated probability.

Third, the Wells rule is a structured diagnostic
prediction model, yet the subjective item "PE most
likely diagnosis” has a relatively large contribution of
3 points to the score.'” It could therefore be argued
that gestalt and this subjective item of the Wells rule
more or less capture the same information. The Wells
rule combines this information with other diagnostic
variables; hence, it may be expected to give better
predictions when compared with only the gestalt
information. The discriminative value of both strate-
gies, however, is comparable, with respective AUCs
of 0.77 (95% CI, 0.70-0.83) and 0.80 (95% CI, 0.75-
0.86). Although this remains speculative, it seems that
the objective items of the Wells rule attenuates the
(often overestimated) disease probability when using
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gestalt alone. The integration of a subjective item with
multiple (preselected) objective items may be pivotal
to enhancing its value for use in clinical practice. This
pattern is also exemplified from psychology research,
which has demonstrated that physicians incline toward
overestimation of predicted risk, especially if a poten-
tially severe diagnosis such as PE is considered.!" In
case of any doubt (ie, intermediate risk), they tend

to be hesitant and thus, to be on the safe side, refer
the patient or initiate treatment relatively easily. This
practice subsequently contributes to overdiagnosis,
overtreatment, and increased health care use.'®"”

Fourth, scoring of the gestalt estimate is likely to be
influenced by levels of experience and individual style.
Albeit speculative, experienced family physicians may
take prior experience into account and thus might feel
more confident in assigning a low disease probability,
although the opposite may also be true if this prior
experience included a missed case of PE.'* Unfortu-
nately, this information was not collected in our study.
As such, we do not have insight into the individual
range of scoring probabilities, years of experience, and
level of training of all participating family physicians,
and this may be subject for further research.

Fifth, a qualitative point-of-care D-dimer test was
used in this study. Point-of-care tests return results
within 10 to 15 minutes and are easy to use in the fam-
ily physician's office. Especially for elderly patients
and in rural areas, testing on the spot can be an attrac-
tive option. There is increasing experience with the
use of the point-of-care tests in a variety of settings,
including the Netherlands, United Kingdom, Canada,
most countries in Scandinavia, and parts of the United
States. These assays may not be available in all primary
care settings worldwide, however. Nevertheless, point-
of-care testing by itself is not obligatory for ruling out
PE. One alternative, for instance, is to send patients
to the nearest laboratory facility for an enzyme-lined
immunosorbent assay (ELISA) or a latex D-dimer assay,
usually offered in or near a hospital. These assays are
slightly more sensitive and less specific when compared
with point-of-care testing. As a consequence, the safety
of both diagnostic strategies (Wells rule and gestalt)
will likely be somewhat higher if an ELISA or latex
assay is used, but at the expense of a slight decrease
in efficiency. In the absence of ready availability of a
point-of-care D-dimer test, neither diagnostic strat-
egy alone (ie, without this test) is safe or efficient for
excluding PE in primary care (Table 3).

Sixth, to express the safety of the diagnostic
strategies in terms of missed cases in those patients
identified as having a low risk, we used the term fail-
ure rate. A diagnostic failure can also occur in the
high-risk group, however; in that group, it reflects the

proportion of patients without PE who are referred
for objective testing. Although redundant referral is
time consuming, burdensome, and associated with
high costs and occasionally even renal failure due to
contrast nephropathy, the clinical consequences of a
failure in the low-risk group are perhaps more relevant
given that it may include fatal consequences of miss-
ing PE. To quantify the overall failure rate in both risk
groups, however, we presented the overall accuracy in
Table 2 (ie, the probability that a patient is correctly
classified and thus, the probability of failure is 100%
minus accuracy). This overall accuracy is highest for
the Wells rule in combination with D-dimer testing.
Finally, we defined our clinical outcome as the
occurrence of a venous thromboembolic event, includ-
ing both PE and deep venous thrombosis, during 3
months of follow-up. This rather conservative defini-
tion follows many previous studies in the field of PE
and is based on the fact that we used a composite ref-
erence standard, implying that not all patients undergo
imaging tests such as spiral computed tomography
scanning at baseline. As such, finding deep venous
thrombosis during 3 months of follow-up is considered
surrogate evidence for having PE at baseline.®

Clinical Implications

Current guidelines recommend the use of a (struc-
tured) estimated disease probability to rule out PE.
Our findings support the use of a prediction model,
but leave room for relying on gestalt if disease pres-
ence or absence is highly likely or unlikely. As we
expected, family physicians seem very capable of iden-
tifying patients at both ends of the probability spec-
trum. For a large group of patients at intermediate risk,
however, application of the Wells rule and D-dimer
testing will optimize the risk stratification better than
using gestalt alone.

In conclusion, combined with D-dimer testing, both
gestalt and the Wells rule were safe for ruling out PE
in this primary care cohort. As compared with intui-
tive diagnostic reasoning (gestalt), however, the Wells
rule is more efficient and enables ruling out of PE in a
larger proportion of patients.

To read or post commentaries in response to this article, see it
online at http://lwww.annfammed.orgl/content/14/3/227.
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