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ABSTRACT
Background The pulmonary embolism rule-out criteria
(PERC) rule is an eight-factor decision rule to support
the decision not to order a diagnostic test when the
gestalt-based clinical suspicion on pulmonary embolism
(PE) is low.
Methods In a retrospective cohort study, we
determined the accuracy of a negative PERC (0) in
patients with a low Wells score (<2) to rule-out PE, and
compared this to the accuracy of the default algorithm
used in our hospital (a low Wells score in combination
with a negative D-dimer).
Results During the study period, 377 patients with a
Wells score <2 were included. CT pulmonary
angiography (CTPA) was performed in 86 patients, and
V/Q scintigraphy in one patient. PE was diagnosed in 18
patients. 78 patients (21%) had a negative PERC score.
When further diagnostic studies would have been
omitted in these patients, two (subsegmental) PEs would
have been missed, resulting in a sensitivity of 89%
(64%–98%) and a negative likelihood ratio (LR−) of
0.52 (0.14–1.97). The default algorithm missed one
(subsegmental) PE, resulting in a sensitivity of 95%
(71%–99%) and an LR− of 0.25 (0.04–1.73).
Conclusions The combination of a Wells score <2 and
a PERC rule of 0 had a suboptimal sensitivity for
excluding PE in our sample of patients presenting in the
ED. Further studies are warranted to test this algorithm
in larger populations.

INTRODUCTION
Pulmonary embolism (PE) is a serious condition
with a high mortality rate if unrecognised.1

Symptoms and signs of PE are often non-specific,
and clinical presentation of patients with suspected
PE varies widely,2 making it hard to diagnose or
exclude PE. Although PE cannot be diagnosed or
excluded on clinical grounds, clinical suspicion
(pretest probability) of PE guides the further diag-
nostic process.
Physicians can either rely on their gestalt when

determining pretest probability or they can rely on
a more formalised risk stratification tool as the
Wells score3 or the Geneva score.4 Of these, the
Wells score has been shown to identify patients
with a low clinical risk on PE most accurately.5

When pretest probability is determined to be low,
international guidelines recommend to measure
D-dimer levels:6 a negative (usually below the
threshold of 500 μg/mL) D-dimer level in combin-
ation with a low pretest probability excludes PE
with high accuracy,7 whereas a positive D-dimer

level warrants further diagnostic imaging studies,
usually with CT pulmonary angiography (CTPA).
However, since the specificity of a positive

D-dimer level for PE is fairly low, this approach
does result in many unnecessary D-dimer tests
being performed, and also in many redundant
CTPAs being done in D-dimer positive patients to
exclude PE. This exposes patients to the risks of
radiation exposure, contrast nephropathy and aller-
gic contrast reactions.
Aiming to reduce the number of unnecessary

D-dimer tests and CTPAs, Kline et al,8 developed
the PE rule-out criteria (PERC). The PERC rule is
an eight-factor decision rule to support the decision
not to order a diagnostic test for PE in patients for
whom the clinician already had a low clinical suspi-
cion (pretest probability <7%) for PE based on
gestalt (figure 1). When all eight PERC parameters
are negative in patients with a low suspicion for
PE, the post-test probability of PE is <1.8%, which
is the point of equipoise for which the risk:benefit
ratio of missing a PE is balanced by the risk/harm
of further diagnostic tests.8–10

To quantify clinical suspicion/pretest probability
(and thereby to determine if the PERC rule can be
applied appropriately), the physician can use clin-
ical gestalt. However, gestalt lacks standardisation,
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and might therefore be dependent on physician training.11

Alternatively, it has been proposed that the Wells score can be
used to delineate a population in which the PERC rule can be
applied safely, since a low risk Wells score (<2) corresponds
with a PE prevalence of 1.3%.12 However, whereas the former,
gestalt-based approach has been validated in many studies, so
far no studies have investigated if the PERC rule can be used to
rule-out PE in patients with a low Wells score (<2).

Therefore, we performed a retrospective cohort study of
undifferentiated patients attending the ED with complaints that
could be attributed to PE in order to compare our current
default diagnostic algorithm to exclude PE (low Wells score and
negative D-dimer) with an alternative algorithm in which a low
Wells score (<2) and a negative PERC rule (0) are used to
exclude PE.

METHODS
Patients
The study population consisted of patients who presented
between 1 January and 31 December 2013 to the ED of the
Medical Centre Leeuwarden (an urban non-academic teaching
hospital in the north of the Netherlands with 26 000 ED visits
yearly) with chest pain, dyspnoea, haemoptysis, syncope or
other complaints for whom the physician caring for the patient
wanted to exclude PE. All patients who presented to the ED
were assessed by the attending physician (either an emergency
medicine (EM) consultant, or a trainee in EM, internal medicine
or pulmonology) by a sequential diagnostic algorithm, based on
a clinical probability assessment using Wells score, highly sensi-
tive D-dimer measurement (when the Wells score was low) and
CTPA or ventilation–perfusion (V/Q) scintigraphy (when D-dimer
was positive).

For our study, we selected all patients in whom a D-dimer
was ordered to exclude PE in the ED during the above described
study period. We calculated Wells scores and PERC scores retro-
spectively for these patients. Both patient charts and pharmacy
information were used to subtract the individual Wells score and
PERC score components. When the answer to the Wells score
question whether ‘PE was the most likely diagnosis or regarded
as equally likely’ was not noted in the charts, we assumed this
particular question was answered negative by the treating phys-
ician, as a positive answer would have resulted in a Wells score
of 3 or more. When lowest room air oxygen saturations without

supplemental oxygen (one of the PERC score components)
were unavailable (n=37), a multiple data imputation algorithm
was used to estimate saturations from saturations with oxygen
suppletion. Only patients for whom complete Wells scores and
PERC scores could be calculated were included for further
analyses.

Outcome measures
Primary outcome was defined as the diagnostic accuracy of both
current and alternative algorithm to exclude PE within
3 months of presentation, which was defined as either the pres-
ence of PE at the index visit, or new PE within 3 months of
presentation or death due to presumed PE within 3 months of
presentation. Positive evidence of PE required either a CTPA
with the presence of a pulmonary arterial filling defect inter-
preted by a radiologist as positive for PE or a V/Q scintigraphy
with a high probability of PE or autopsy findings positive
for PE.

Secondary outcome measures were defined as any adverse
events that could be attributed to the use of one of the diagnos-
tic algorithms. These included contrast nephropathy (defined as
an increase of serum creatinine >25% or an absolute serum
creatinine increase of >44 μmol/L within 72 hours of CTPA),
allergic contrast reactions, hospitalisation and/or treatment with
low molecular weight heparins (LMWHs) while awaiting defini-
tive diagnostic studies, as well as any alternative non-PE diagno-
ses or relevant findings that were found during CTPA that
would have been missed when imaging studies would have been
omitted.

Data acquisition
PE status was established by thorough review of imaging results,
medical records, and follow-up from the electronic hospital
registration system. Data were retrieved by four investigators
( JMGT, CS, WEvH and EtA) according to the recommenda-
tions of Gilbert et al.13 All abstractors received similar training,
and used a standardised electronic abstraction form. Every entry
in the database was checked for errors by any of the other inves-
tigators. In case of disagreement between the abstractors, the
item was discussed with a third investigator. Abstractors were
not blinded for outcome. The following data were extracted
from the electronic hospital registration system: age, gender,
referral information, main presenting symptoms (as noted by
the treating physician), relevant history (recent surgery, trauma,
immobility, pregnancy, active malignancy, prior deep venous
thrombosis (DVT) or PE), exogenous oestrogen use, findings on
physical examination (vital signs, unilateral leg swelling),
D-dimer level, findings on CTPA or V/Q scintigraphy and
autopsy reports.

Biochemical analyses and radiological studies
D-dimer analysis was performed using the Cobas Tina-Quant
DDI2H: ACN 403 assay on a Modular P analyser (Roche
Diagnostics, Mannheim, Germany). Cut-off value for normal
D-dimer in our institution was 500 ng/mL. Contrast enhanced
CTPA was performed using the third generation ‘Brilliance iCT’
or ‘Mx8000 IDT’ (both Philips, The Netherlands) in com-
bination with ‘Iomeron 300 contrast’ (Bracco Imaging, The
Netherlands). V/Q scintigraphy was done using a Smartvent
radioaerosol delivery system (Diagnostic Imaging, Welford, UK)
with a Tc99m-pentetaat pharmacon (Mallinckrodt Medical,
Petten, The Netherlands). All radiological studies were reviewed
by staff radiologists. According to their report, PE was cate-
gorised into subsegmental, segmental or central PE. Alternative

Figure 1 Pulmonary embolism rule-out criteria rule.
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diagnoses and/or incidental findings were extracted from their
reports. Alternative diagnoses and incidental findings were
deemed to be relevant when they required either follow-up
studies or a change in treatment.

Ethics
As our study only involved retrospective evaluation of routinely
recorded patient data, this type of study was determined to be
exempt research by the ethical review board of our institution.

Statistical analysis
Power calculation was based on the assumptions that sensitivity
of the default diagnostic algorithm (Wells<2 and negative
D-dimer) to exclude PE is reported to be around 95% in most
studies, and that prevalence of PE in our population would be
around 10%. Using the nomogram developed by Carley et al14

we estimated that to be able to detect a sensitivity of the tested
algorithm of 95% (CI 85% to 100%) with an α error of 5%, at
least 220 patients would have to be included. Missing data are
reported in the results section according to the STARD 2015
guideline.15 A multiple data imputation algorithm was used to
estimate lowest room air oxygen saturations in patients for
whom only saturations with oxygen suppletion were recorded
in their charts. Oxygen saturation with supplemental oxygen,
the amount of oxygen provided (L/min), age, sex, D-dimer
value, BP, HR, temperature and RR were used in the multiple
imputation model. A total of 40 imputed datasets were created
after which PERC scores were automatically calculated.
Analyses using the PERC score are reported as pooled results.
In order to compare diagnostic accuracy of our default diagnos-
tic algorithm to exclude PE with the alternative algorithm using
the PERC score, negative predictive values, sensitivities, specifi-
cities and negative likelihood ratio’s (LR−) were calculated. For
all tests, statistical significance was accepted at the 95% CI. All
statistical analyses were done with the SPSS V.23.0 for Windows
statistical package (SPSS, Chicago, Illinois, USA).

RESULTS
Patients
D-dimer was ordered to exclude PE in a total of 422 patients.
Wells score could be calculated retrospectively in 419 patients.
Of these, 393 patients had a Wells <2, of whom 101 had a
positive D-dimer result, and 292 had a negative D-dimer result.
For eight patients with a low Wells score and a negative
D-dimer result, PERC scores could not be calculated due to
missing data. Another eight patients were lost to follow-up.
Further results refer to the remaining 377 patients (figure 2).
Mean age was 58 years (range 16–94) with 66% being older
than 50 years. About 47% of our population was male. Most
patients were referred by either their general practitioner (71%)
or emergency medical service personnel (19%). The main pre-
senting symptoms were chest pain (48%) and dyspnoea (25%).
A total of 79% of the patients had one or more positive PERC
criteria, of which ‘age above 50 years’, ‘oxygen saturation
<95%’, ‘recent immobility’, ‘prior DVT’ and ‘exogenous oestro-
gen use’ were the most prevalent. Table 1 describes the patient
characteristics of our study population.

Prevalence of PE
96 out of the 377 patients with a low Wells score for whom
PERC scores could be calculated (26%) had a D-dimer level
above the cut-off value of 500 μg/L. CTPA was performed in a
total of 87 patients and a V/Q scintigraphy was performed in

one patient. CTPA confirmed the diagnosis of PE in 16 patients
(4.2%), of which seven had central, three segmental and six
subsegmental PEs (table 2). The only V/Q scintigraphy per-
formed was negative for PE. In one patient initial Wells score
according to the treating physician was low, but duplex ultra-
sound confirmed massive DVT at the index visit. This patient
died of respiratory insufficiency of presumed PE before a CTPA
could be obtained or before the results of D-dimer testing (posi-
tive) were available to the treating physician, and was qualified
as PE (+).

During the 3-month follow-up period, one patient returned
with subsegmental PE after being discharged on the initial ED
visit with a low Wells score and a negative D-dimer. None of
the patients in whom CTPA had excluded PE at their initial ED
visit returned within 3 months with PE.

Accuracy of the diagnostic algorithms to exclude PE
The total number of PE at presentation and during follow-up
equalled 18. Using the default algorithm, 281 subjects had a
low Wells score in combination with a low D-dimer, whereas
the remaining 96 subjects had a low Wells score and a positive
D-dimer. In 17 out of 18 PEs occurred in the group with a posi-
tive D-dimer result, whereas one PE occurred in a patient with
a low Wells score in combination with a negative D-dimer. This
was a patient who returned within the 3 months study period
with small subsegmental PE (SSPE), yielding a sensitivity of
94% (71%–100%) and an LR− of 0.25 (0.04–1.73) (table 3).

When the alternative algorithm using PERC rule would have
been used, 78 patients (21%) would have had a low Wells score
in combination with a PERC score of 0, whereas the remaining
299 patients would have a low Wells with a PERC >0. In eight
of the patients with a negative PERC, D-dimer was elevated,
and in six of them a CTPA was performed. Three CTPAs did
not show any pathology, whereas one CTPA revealed pneumo-
nia, and two CTPAs demonstrated PE. Both PEs were SSPEs,
one being an isolated PE, the other a concurrent PE in a patient
diagnosed with pneumonia. In one of the patients where no

Figure 2 Flow chart of patients who met inclusion criteria. CTPA, CT
pulmonary angiography; PE, pulmonary embolism; PERC, PE rule-out
criteria; V/Q, ventilation–perfusion.
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CTPA was performed D-dimer was regarded as not elevated by
the treating physician since age-adjustment was applied, whereas
in the other patient a present haemolytic uraemic syndrome was
regarded as the cause of elevated D-dimer levels. A negative
PERC rule in patients with a low Wells score had a sensitivity of
89% (64%–98%) and an LR− of 0.52 (0.14–1.97).

Alternative diagnoses
An alternative (non-PE) diagnosis (partially) explaining the
patient’s complaints was found in 23 out of the 71 patients who
did not have PE on CTPA (see online supplementary table S1).
No iodinated contrast allergies were found, but one patient
developed contrast-induced hyperthyroidism and one a contrast-
induced nephropathy. Only 28 patients without PE were treated
unnecessary with LMWH awaiting a CT scan to exclude PE,

and four of them were unnecessarily hospitalised awaiting the
results of their workup for PE (data not shown).

DISCUSSION
In the present study, we demonstrate that when Wells score is
used to define pretest probability of PE, PERC rule should be
used with caution to rule-out PE. In our study population of
377 patients, two PEs would have been missed (ie, they quali-
fied as Wells <2 and PERC negative, which would have resulted
in omitting further diagnostic tests) when the PERC rule would
have been applied to exclude PE. Clinical relevance of missing
these PEs, however, is still a matter of debate, since both were
SSPEs, and some evidence suggests that patients with SSPE may
have a favourable clinical outcome, even without prescribing
anticoagulant therapy.16 17 A recent study from den Exter
et al,18 however, demonstrated that patients with SSPE mimic
those with more proximally located PE in regards to their risk
profile and clinical outcome. Missing these two patients might,
therefore, have resulted in morbidity and even mortality for
these patients.

Sensitivity of the tested alternative algorithm (PERC=0) to
rule-out PE was 89% (64%–98%) and LR− was 0.52 (0.14–
1.96), whereas a recent meta-analysis of 12 studies19 reported a
pooled sensitivity of 97% (96%–98%) and an LR− of 0.17
(0.13–0.23). One explanation for the lower diagnostic accuracy
of PERC in our study could be the smaller sample size of our
study population compared with this meta-analysis where
>14 000 patients were included. Another explanation could be
our patient selection. We did not exclude patients with a history
of cancer who were cured >6 months before presentation,
patients with massive obesity, longstanding oxygen saturations
<95% (a strong family history of) thrombophilia, leg amputa-
tions or patients using β-blocking drugs from our analysis, as the
original PERC derivation study did.8 However, doing so would
not have improved our diagnostic accuracy, since none of the
patients with SSPE that were missed when PERC was used to
rule-out PE belonged to any of these categories. Finally, we
speculate that the way pretest probability of PE was determined
in our study might have played a role explaining these differ-
ences: to the best of our knowledge, this is the first study that
used a Wells score <2 to define a low risk population. Previous
studies (including the original PERC derivation and validation
cohorts)8 20 used clinical gestalt to determine if pretest

Table 1 Patient characteristics

N=377 Mean or n 95% CI or % n Missing (%)

Demographic data
Age (years) 58 56 to 59
Age >50 year 249 66%
Male gender 176 47%
Female gender 201 53%

Referred by
General practitioner 268 71.1%
EMS 73 19.4%
Self-referral 26 6.9%
Other/unknown 10 1.8%

Main presenting symptoms
Dyspnoea 95 25.2%
Substernal chest pain 180 47.7%
Pleuritic chest pain 20 5.3%
Syncope 20 5.3%
Other* 57 15.2%

History
Pregnant 2 0.5%
Postpartum <4 weeks 2 0.5%
Exogenous oestrogen use 17 4.5%

Physical findings
SBP (mm Hg) 143 140 to 145 1 (0.3%)
DBP (mm Hg) 80 78.1 to 81.1 1 (0.3%
HR (bpm) 83 81 to 85
RR (n per minute) 18 17 to 19 91 (24%)

Temperature (°C) 36.9 36.8 to 36.9 30 (8.0%)
SaO2 on room air (%) 98% 97 to 98 37 (9.8%)
SaO2 on room air <95% 36 11%
Unilateral leg swelling 6 1.6%

Wells score components
Recent surgery, trauma† or
immobility‡

15 4%

Clinical signs of DVT 0
Haemoptysis 5 1.3%

HR >100/min 65 17%
Prior DVT or PE 24 6.4%
Active malignancy 10 2.7%
PE is most likely diagnosis 0

*Other: back pain (n=9); abdominal pain (n=10); miscellaneous complaints (n=37).
†Recent surgery or trauma: surgery within last 4 weeks or trauma for which
presentation to the ED within last 4 weeks.
‡Generalised immobility >72 hours or, therapeutic limb fixation causing immobility of
>1 major joint or continuous travel in seated position >6 hours.
DBP, diastolic BP; DVT, deep venous thrombosis; EMS, emergency medical service; PE,
pulmonary embolism; SaO2, oxygen saturation; SBP, systolic BP.

Table 2 Laboratory and radiological studies at presentation in
the ED

Diagnostic test Mean or n 95% CI or %

D-dimer 377
D-dimer (mg/L) 850 640 to 1070
D-dimer positive* 96 25.9%

V/Q 1 0.3%
CTPA 87 23.2%
PE 16 4.0%
Central PE 7 1.9%
Segmental PE 3 0.8%
Subsegmental PE 6 1.6%
Non-PE diagnosis explaining complaints 23 6.1%
Other, non-PE clinical relevant findings 29 7.6%

*D-dimer cut-off=500 mg/L.
CTPA, CT pulmonary angiography; PE, pulmonary embolism; V/Q, ventilation–
perfusion scintigraphy.
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probability on PE was <7% (and thereby PERC rule could be
used). As mentioned, using a Wells score <2 has a potential
advantage over gestalt, since Wells score is a formalised risk
stratification tool and thereby minimises interobserver variabil-
ity. However, Penaloza et al21 demonstrated that agreement
between Wells score and gestalt-based assessment is poor, and
that gestalt assessment generally performed better than clinical
decision rules. This could be explained by the fact that the Wells
score includes only a limited number of risk factors. It does not
account for several factors that have been shown to modify
pretest probability of PE significantly. Examples of these are ‘preg-
nancy’, ‘post-partum status’, ‘presence of pleuritic chest pain’ and
‘history of non-cancer related thrombophilia’.22 Although some
of these are recognised exclusion criteria to apply the PERC rule
(as discussed before), many are not. Furthermore, it should be
noted that, although Wells score is more structured than gestalt-
based decision-making, Wells score too are partially gestalt based
since one of the questions asks the physician whether ‘PE is the
most likely diagnosis’. Therefore, it is possible that using Wells
score as an instrument to determine pretest probability of PE,
might result in underestimation of PE risk in certain patients, and
thereby in inappropriate use of the PERC rule, with resulting
negative effects on diagnostic accuracy.

Sensitivity of the default algorithm to exclude PE was higher
than for the alternative algorithm using PERC rule. However,
95% CIs were wide and overlapping between both algorithms,
which might have been the result of the lower than anticipated
prevalence of PE in our population. This makes it hard to
prevail one diagnostic approach over the other. However, the
diagnostic accuracy of the default algorithm seems to come at
relatively limited additional costs. The number of people where
D-dimer measurements could have been omitted when the
PERC-rule algorithm would have been used in our study was
small. First, only 78 patients (20%) had a PERC score of 0. In
previous studies evaluating PERC this percentages varied
between 9% and 56%.23–25 Second, the amount of CTPAs
being performed is already limited using our default algorithm:
CTPA was performed in only 23.2% (n=87) of the patients,
whereas in the remainder PE was ruled out by a low Wells score
in combination with a negative D-dimer and the absence of PE
during 90-day follow-up. When PERC rule would have been
used, the number of CTPAs being performed would only have
been reduced by 5 (5.7%). However, this would have come at
the cost of missing two SSPEs.

Our study had several shortcomings. First, due to the
retrospective design, we had to cope with missing data. Most
importantly, oxygen saturations without supplemental oxygen
were unavailable for 37 patients. To prevent selection bias in our
observational cohort study as much as possible, we opt not to
exclude these patients with missing oxygen saturation values, but

we used a validated data imputation algorithm instead to calculate
these values using available data among other things from oxygen
saturations with supplemental oxygen and RR. However, this
could have influenced the calculated PERC scores for these
patients. In our retrospective calculation of the Wells score, we
assumed that the absence of recording ‘PE is the most likely ques-
tion’ was the same as answering ‘no’ to that particular question.
Thereby subjects with a Wells score >3 might potentially have
been included, and this might have affected our results. Since the
number of subjects for whom it was explicitly noted in their
charts that PE was not the most likely diagnosis was very small,
sensitivity analysis to evaluate the impact of this assumption on
the validity of our findings could not be carried out.

Furthermore, follow-up data were obtained from the hospital
records. Although there are no hospitals located within a 30 km
radius of our hospital and the vast majority of our patients is
referred by their primary care physician (regularly to the hos-
pital that they have visited before), there is a chance that PE
have been missed during follow-up.

Consistent with contemporaneous research, primary outcome
in our study was defined as the ability of both diagnostic strat-
egies to predict the occurrence of PE within 3 months of presen-
tation. This was defined as either the presence of PE at the
index visit, or new PE within 3 months or death due to PE
within 3 months of presentation. Since only in a minority
(23.2%) of the patients CTPA was performed to exclude PE, we
cannot be 100% sure that no PE was present in the remainder
of the study population. Performing more CTPAs might have
detected more PEs, and thereby might have influenced diagnos-
tic accuracy. Therefore, our results cannot be extrapolated to
populations where a lower or higher tendency exists to perform
diagnostic imaging studies, or to populations with a significantly
different PE prevalence.

Finally, our study population is relatively small, making it
hard to draw firm conclusions. Our study was powered on a PE
prevalence of 10%, whereas actual PE prevalence was lower
(4.8%). As a result of the low prevalence of PE in our study
population, the absolute number of missed PEs was also low
(two for the alternative algorithm using PERC rule vs one for
the default algorithm using D-dimer). Consequently, our study
might have been underpowered to detect significant differences
between both diagnostic algorithms regarding primary and sec-
ondary outcomes. Therefore, our findings should be regarded as
a proof of principle study, warranting a larger prospective evalu-
ation of the Wells score as an instrument to identify subjects in
which PERC can be used.

In conclusion, the combination of a Wells score <2 and a
PERC rule of 0 had a suboptimal sensitivity for excluding PE in
our sample of patients presenting in the ED. Further studies are
warranted to test this algorithm in larger populations.

Table 3 Accuracy indices of the default and alternative algorithms to rule-out PE

n NPV Sensitivity (%) Specificity (%) LR (−)

Default algorithm
Wells score and
D-dimer <URL

17 out of 18 0.99 (0.92–1.00) 94 (71–100) 22 (18–27) 0.25 (0.04–1.73)

Alternative algorithm
Wells score <2 and
PERC=0

16 out of 18 0.97 (0.90–1.00) 89 (64–98) 21 (17–26) 0.52 (0.14–1.97)

Cut-off value for normal D-dimer in our institution was 500 ng/mL. n denotes absolute number of subjects with PE detected by the used algorithm.
LR (−), negative likelihood ratio; NPV, negative predictive value; PE, pulmonary embolism; PERC, PE rule-out criteria; URL, upper reference limit.
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