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Background: The pulmonary embolism rule-out criteria (PERC) is an 8-variable clinical decision rule that
identifies patients at low risk for pulmonary embolism (PE) to prevent unnecessary diagnostic testing in the
evaluation of suspected PE in the emergency department (ED). The objective of this study was to determine
PERC's safety and diagnostic use in our institution's ED population.
Methods: We performed a retrospective analysis on consecutive adult patients evaluated with computed

tomographic angiography (CTA) for suspicion of PE at our ED during the dates January 1, 2011, to December
31, 2011. Patients negative for all 8 PERC criteria (ie, “PERC [−]”) were considered to be at low risk for PE. All
data were analyzed using SPSS-20 (SPSS Inc, Chicago, IL) to calculate the variables of interest and their
respective 95% confidence intervals (95% CIs).
Results: During the 12-month study period, 729 subjects were evaluated with CTA for suspicion of PE. Ten
subjects were excluded because of nondiagnostic imaging studies. After exclusion, 719 subjects were
available for analysis. Prevalence of PE was 4.5%. PERC (−) had a sensitivity of 96.9% (95% CI, 84.3%-99.4%), a
negative predictive value of 98.8% (95% CI, 93.5%-99.8%), and a negative likelihood ratio of 0.26 (95% CI,
0.04-1.82) when used as an independent diagnostic test to exclude PE.
Conclusions: Use of PERC could have safely avoided 11.5% of CTAs, reducing potential patient harm, health care
costs, and unnecessary diagnostic testing. Consistent with prior studies, PERC can be safely used to identify
low-risk patients for whom further testing can be deferred.

© 2013 Elsevier Inc. All rights reserved.
1. Background

Nearly 10 million patients visit the emergency department (ED)
annually with complaints of dyspnea, chest pain, or both [1].
Pulmonary embolism (PE) is an important consideration as a
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life-threatening cause of these complaints that is associated with a
mortality rate of up to 30% in untreated cases [2,3]. Accurate diagnosis
of PE can be diagnostically challenging, and workup of patients with
clinically suspected PE frequently leads to overtesting. Diagnostic
evaluation of PE frequently involves use of D-dimer and computed
tomographic angiography (CTA). In outpatients, D-dimer testing has
been evaluated extensively for the exclusion of PE and can safely be
used to exclude PE in patients with a low pretest probability for the
disease [4–6]. Unfortunately, the false-positive rate of D-dimer in this
setting can be as high as 40%, leading to a large burden of unnecessary
diagnostic testing to exclude PE, most commonly CTA with its
associated risks [4].

In practice, CTA has become the standard of care to confirm or
exclude the presence of PE; with increasing use, awareness of its
disadvantages is being established [7]. Use of CTA in this setting is
costly, is time consuming, and carries potential for patient harm such
as simple and anaphylactic contrast allergies, contrast-induced acute
renal failure, extravasation of contrast into soft tissues, identification
of lesions that require further workup, and radiation exposure, which
could potentially increase the risk of malignancy [8–10]. Furthermore,
there is emerging evidence that suggests that emergency physicians
in the United States have a lower threshold for ordering radiologic
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studies to exclude PE, simply because of fear of lawsuits resulting in
the practice of “defensive medicine” [11,12].

In 2004, Kline et al [13] developed an 8-variable clinical decision
rule known as the pulmonary embolism rule-out criteria (PERC) in an
effort to identify patients at low risk for PE (Box 1), thus supporting
the decision to forgo further diagnostic testing (eg, with D-dimer or
CTA) in the workup of PE.

Since its development, PERC has been validated in several clinical
settings as a highly sensitive prediction tool for safely ruling out PE in
low-risk patients [13–21]. However, PERC's usefulness has been ques-
tioned by 2 studies, both of which cite a PE prevalence of more than 20%.
This figure is much higher than that reported in other PERC validation
studies, particularly studies performed in the United States [22,23].

A recently published retrospective study suggests that PERC's
sensitivity is clinically adequate in patient populations with a low
prevalence of PE, and if PERC had been used in this setting,
approximately 25% of CTAs ordered could have been safely avoided
[16]. Furthermore, a meta-analysis and systematic review evaluating
the diagnostic accuracy of PERC found it to have a pooled sensitivity of
97% (95% confidence interval [CI], 96%-98%) and negative likelihood
ratio (LR) of 0.17 (95% CI, 0.13-0.23) for ruling out PE in low-risk
patients [20]. The meta-analysis found PERC to have an overall rate of
missed PEs of less than 1% [20]. A limitation of this meta-analysis was
that 6 of the 11 studies analyzed were authored by at least 1
researcher involved in the original derivation of PERC, representing
nearly 80% of subjects included in the analysis. Thus, further collection
of data in other populations could be clinically useful in determining
the validity of PERC.

In an attempt to address concerns regarding the reliability of PERC's
performance, we performed a retrospective cohort study evaluating its
use in our institution's ED population. We sought to determine the
prevalence of PE in our population and whether or not PERC can be
safely used with a sensitivity, negative predictive value (NPV), and
negative LR comparable with that previously reported [20].
2. Methods

2.1. Design

We performed a retrospective cohort study by individual medical
record review of all consecutive patients who underwent CTA to
investigate for suspicion of PE in our ED from January 1, 2011, to
December 31, 2011. All CTAs were performed using a 128-slice
multidetector helical CT scanner (SOMATOM Definition AS; Siemens
Box 1
Eight Questions of the PERC [13]

1. Age N49 years old?
2. Pulse N99 beats/min?
3. Pulse oximetry b95% while breathing room air?
4. Any history of DVT or PE (requiring anticoagulation)?
5. Any surgery or trauma in the past 4 weeks (requiring

general anesthesia or hospitalization, respectively)?
6. Any unilateral leg swelling (obtained by documentation

from the examiner)?
7. Any hemoptysis (patient report in the past week)?
8. Any hormone use (oral contraceptives, estrogen hormone

use, other hormone use in male or female)?

Reproduced with permission from Kline et al [13].
Medical Solutions USA, Inc., Malvern, PA). The study was approved by
our institutional review board before its initiation.

2.2. Setting and population

The study institution, Truman Medical Center (Hospital Hill
location), is a general medical and surgical hospital with 272 inpatient
beds providing care to a diverse urban patient population in Kansas
City, MI. Survey data show that approximately 68 000 patients visit
the hospital's ED annually. It also serves as a teaching hospital for the
University of Missouri–Kansas City School of Medicine and its
associated residency programs. Subjects included in the study were
consecutive adult outpatients 18 years or older evaluated and treated
in our ED with clinical suspicion of PE.

2.3. Study protocol

We obtained a consecutive list of all CTAs performed in our ED
during the 12-month study period from our institution's Quality
Improvement Department. Consecutive sampling was used to limit
interpreter bias. During the 12-month study period, 843 CTAs were
ordered: 729 for suspicion of PE and 114 for evaluation of trauma and/
or aortic dissection (Table 1). Our institution uses separate CTA
protocols in the evaluation of PE and aortic dissection. Computed
tomographic angiographies ordered under the vascular dissection
protocol were excluded from statistical analysis. If the investigators
determined that the CTA had been ordered for purposes other than
the exclusion of PE (eg, aortic dissection or trauma evaluation), it was
excluded from our analysis. In addition, to meet the inclusion in the
study, the CTAmust have been ordered by or under direct supervision
of a board-certified emergency medicine physician. After removal of
the 114 CTA studies that were not performed for suspicion of PE, 729
studies were available for review.

Using a standardized questionnaire, the investigators (A.B., N.B.,
M.W., D.K., S.J.) simultaneously reviewed each electronic medical
record to obtain the data of interest required to answer all 8 questions
of the PERC rule (Box 1). To further limit experimental bias, one of the
investigators (A.B.) performed a secondary medical record review to
confirm the accuracy of the data collection. Subjects were classified as
“PERC-negative (−)” and considered at very low risk for PE if “No”
was answered to all 8 questions in the PERC rule (Table 1). Subjects
were classified “PERC positive (+)” if “Yes” was answered to 1 or
more of the 8 questions in the PERC rule.

2.4. Measurements

Baseline demographic data including the age, sex, and race/
ethnicity of each subject were collected. If multiple sets of vital signs
were obtained in the ED, all values were reviewed. If the patient's age
was at least 50 years (at the time of the encounter), the case was
considered PERC (+). The case was also considered PERC (+) if any
pulse rate recorded was more than 99 beats/min or if any pulse
able 1
ubjects excluded and reasons for exclusion

Reason for exclusion No. of subjects (%)

Dissection studya 99 (11)
Ordered for trauma evaluation 15 (1.8)
Nondiagnostic CT studyb 10 (1.2)
Total excluded 124

a Ordered for the evaluation of aortic dissection. All of these studies were ordered as
vascular dissection protocol.
b Nondiagnostic CT study: as interpreted by the radiologist due to inability to
isualize the pulmonary arteries, offering no diagnostic capability for detection of PE
malfunction of CT scanner or inappropriate timing of contrast bolus). All 10 of these
tudies were ordered as a PE protocol.
T
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Table 3
Diagnostic performance of the PERC

Statistic Result 95% CI

Sensitivity 96.9% 84.3%-99.4%
Specificity 11.9% 9.7%-14.6%
Positive predictive value 4.9% 4.2%-6.8%
NPV 98.8% 93.5%-99.8%
Positive LR 1.10 1.028-1.178
Negative LR 0.262 0.038-1.821
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oximetry reading was reported more than 95% (while breathing
ambient air). Each case was reviewed for documentation of the
following variables: hemoptysis, prior diagnosis of venous thrombo-
embolism (deep venous thrombosis or PE) requiring therapeutic
anticoagulation, presence of unilateral leg swelling on examination,
history of recent surgery or trauma in the past 4 weeks (requiring
general anesthesia or hospitalization), or exposure to exogenous
estrogen. If any of the mentioned variables of interest were present,
the case was considered PERC (+).

A subgroup analysis was performed on the PERC (−) cohort to
determine if D-dimer testing had been performed before CTA and if
the D-dimer result was reported as “positive” or “negative.” Baseline
demographic data were also collected in this cohort as described
above. This subgroup was also followed up by medical record review
for a minimum duration of 6 months after the CTA was performed to
determine if any subjects in the PERC (−) cohort had been
subsequently diagnosed as having PE after the initial ED encounter.

Once the data of interest were obtained, the result of each
encounter's respective CTA (ie, presence or absence of PE) was
determined. The results of all CTAswere interpreted independently by
a radiologist certified by the American Board of Radiology. Each case
was reviewed to determine the primary reason for obtaining the CTA.
If the CTAwas ordered for reasons other than the purpose of excluding
PE (eg, aortic dissection and/or trauma evaluation), it was excluded
from the data analysis. In addition, if the CTA was determined to be
nondiagnostic by the interpreting radiologist (defined as insufficient
contrast administration for visualization of the pulmonary vasculature
to exclude PE and/or inappropriate timing of contrast administration),
it was excluded from the data analysis.

2.5. Data management and statistical analysis

All data were entered electronically into a secured spreadsheet
electronically (Microsoft Excel; Microsoft Corp, Redmond, WA),
accessible only to the investigators, and all data were de-identified
before analysis. None of the 8 PERC variables were missing in the final
data set. All data were analyzed using SPSS-20 (SPSS Inc, Chicago, IL)
to calculate the PERC rule's sensitivity, specificity, positive predictive
values, NPVs, and LRs for excluding PE and their respective 95% CIs. All
values were interpreted independent of physician gestalt. An a priori
sample size calculation was not performed before data collection.

3. Results

During the 12-month study period, 729 subjects underwent CTA in
our ED for suspicion of PE. Among the 729 CTA studies available for
analysis, 10 were excluded based on nondiagnostic CTAs (see
definition above), leaving 719 subjects eligible for statistical analysis.
The mean (SD) subject age was 47 (13) years (range, 18-87 years),
andwomen comprised 61% of the study population. Sixty-two percent
were African American, 32% white, 4% Hispanic, and 2% other
(self-identified).

Pulmonary embolism was identified in 4.5% (32/719) of subjects
on CTA. Among the 11.5% (83/719) of subjects who were classified as
PERC (−), the prevalence of PE was 1.2% (1/83). Treating PERC (−) as
an independent diagnostic test for excluding the presence of PE
resulted in a sensitivity of 96.9% (95% CI, 84.3%-99.4%), a specificity of
11.9% (95% CI, 9.7%-14.6%), an NPV of 98.8% (95% CI, 93.5%-99.8%), and
Table 2
Two-by-two contingency table with observed results

CT (+) for PE (n = 32) CT (−) for PE (n = 687)

PERC (+) (n = 636) 31 605 PPV 4.9% (95% CI, 4.2%-6.8%)
PERC (−) (n = 83) 1 82 NPV 98.8% (95% CI, 93.5%-99.8%)

Sensitivity 96.9% (95% CI, 84.3%-99.4%) Specificity 11.9% (95% CI, 9.7%-14.6%) Total n = 719
a negative LR of 0.262 (95% CI, 0.04-1.82). The results of the study are
outlined in Tables 2 and 3.

The PERC (−) cohort represented 11.5% (83/719) of subjects and
was further analyzed to determine demographic variables (eg, age,
sex, race) and D-dimer testing results (if performed). The subgroup
was also reviewed to determine if any patients had been diagnosed as
having PE at 6 months by medical record review. The mean (SD) age
of the PERC (−) cohort was 40 (8) years (range, 19-49 years), and
women comprised 67% of the cohort. Eighty-two percentwere African
American, 16% white, and 2% Hispanic (self-identified). One patient in
the PERC (−) cohort was diagnosed as having PE during the initial ED
encounter. Of the remaining 82 subjects classified PERC (−) in whom
PE was excluded by CTA, 92.8% (76/83) had documented follow-up by
medical record review for 6 months. No evidence of PE was
documented in any of these subjects' medical records available for
review. Six subjects (7.2%) were lost to follow-up. D-Dimer testing
was performed in 55.4% (46/83) of cases in the PERC (−) cohort.
D-Dimer testing was reported positive in 78.3% of the 46 cases where
it was obtained. D-Dimer testing was not obtained in 44.6% (37/83) of
subjects in the low-risk PERC (−) cohort. The results of the PERC (−)
cohort analysis are described in Table 4.

4. Limitations

Inherent limitations of this study include its retrospective design
and lack of blinding to the study hypothesis. We chose to study PERC
retrospectively to determine its real-time feasibility because some
studies have questioned the safety of its use [22,23]. As noted by
previously conducted retrospective studies attempting to validate the
PERC rule, in addition to the 8 objective variables, PERC requires
clinician “gestalt” to determine that a patient is at low risk for PE. We
considered all patients in our study classified PERC (−) to be at “low
risk” for PE, independent of physician gestalt. When PERC was
originally validated, low risk by clinician gestalt was defined as less
than 15% chance of PE being present. Similar to the study performed
by Dachs et al [16], it was impossible for us to extract this subjective
indicator because of our retrospective study design.

Our investigators were not completely blinded to the outcomes of
interest; therefore, the possibility of observer bias cannot be excluded.
In an effort to limit observer bias, we used a standardized
questionnaire during the data collection process. Furthermore, each
CTA was interpreted by a radiologist with no knowledge of the PERC
results. An independent review of medical records was not feasible in
our circumstances because of a lack of the funding. In an effort to limit
interpreter bias, we used consecutive sampling with 12 months of
data. We did not perform an interrater reliability assessment to
evaluate the consistency between medical record reviewers because



Table 4
PERC-negative cohort analysis

Subjects (n =83), n (%)

6-mo follow-up
Follow-up available⁎ 77 (92.8)
Lost to follow-up 6 (7.2)

D-Dimer testing
D-Dimer testing performed 46 (55.4)
Positive D-dimer 36 (78.3)
Negative D-dimer 10 (21.7)
No D-dimer testing performed 37 (44.6)
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differences in the variables of interest are small; however, the
possibility of experimental bias cannot be excluded. To further limit
experimental bias, one of the reviewers (A.B.) performed a secondary
medical record review to confirm the accuracy of the data collection.

5. Discussion

We hypothesized that PERC could be safely used at our institution,
missing less than 2% of PEs, which we found to be true. In our
retrospective analysis, we found only 1 patient (1.2%) classified PERC
(−) to have a PE. We chose a PE miss rate cutoff of less than 2% based
on the false-negative rate of previously conducted prospective studies
evaluating patients at high risk for PE with a negative CTA,
subsequently found to have a PE on 3- to 6-month follow-up [24–
26]. In addition, pooled results from a meta-analysis [27] involving 15
studies and 3500 patients with suspected PE found that the overall
NPV of a negative CTA is 99.1%. This is similar to the NPV of pulmonary
angiography, which ranges from 98.4% to 100% [28]. If most ED
physicians choose to accept a negative CTA in the workup of PE in
high-risk patients with a false-negative rate of approximately 2%, it
would be acceptable to use PERC in low-risk patients if its
false-negative rate is less than 2%.

We were unsure if our population differed in terms of PE
prevalence or baseline demographic characteristics in comparison
with prior studies. The prevalence of PE in our cohort was lower
(4.5%) in comparison with a recent meta-analysis (median, 10%;
range, 1.74%-25.7%), and our baseline demographics differed only in
terms of race/ethnicity [20]. Although we cannot exclude the
possibility that PERC's high NPV of 98.8% in our cohort could be
partially attributed to its low PE prevalence, it does fall within the
range reported by studies included in the meta-analysis [20].
Moreover, the meta-analysis [20] found no significant association
between PE prevalence and PERC's diagnostic performance or on
relative diagnostic odds ratios. Based on posttest probability calcula-
tions, we found that PERC could be safely implemented in populations
with a pretest probability for PE of less than 7%. In our cohort,
application of PERC at the bedside could have safely avoided 11.5% of
CTA studies. We must note that the safe use of PERC has only been
validated in populations with a low prevalence of PE. The findings of
our study provide supporting evidence for PERC's use in a population
with a similar, low prevalence of PE. Therefore, we cannot comment
on whether or not PERC can be safely used in populations with a
higher prevalence of disease, and this remains an important area for
future research.

We performed a subgroup analysis on the PERC (−) cohort.
Medical record review was performed on this cohort for 6 months to
determine if any of the subjects had subsequently been diagnosed as
having PE. The details of the results are outlined in Table 4. Of the 83
patients who were classified as PERC (−), 1 patient was diagnosed as
having PE during the initial ED encounter. None of the remaining 76
PERC (−) patients (76/83) available for follow-up medical record
review had been diagnosed as having PE at 6 months from the initial
ED encounter. Surprisingly, we found that D-dimer testing was not
performed in 44.6% of the PERC (−) cohort before CTA. In patients
who had D-dimer testing performed, 78% had a falsely positive result.
This false-positive rate for D-dimer is much higher than that reported
in the literature [4]. We hypothesize that this may be the result of
lower test threshold cutoff points at our institution in comparison
with historical controls. This further reemphasizes that D-dimer has
its limitations when used to rule out PE, even in low-risk patients such
as our PERC (−) subgroup.

As mentioned, 1 patient classified as PERC (−) was diagnosed as
having a PE during the initial encounter. The patient was a
35-year-old morbidly obese man (body mass index, 45.6 kg/m2)
with no medical history. He presented with complaints of pleuritic
chest pain located over the right side of his chest. Vital signs were all
within normal limits. He had no family history of venous thrombo-
embolism. A D-dimer was not performed. Computed tomographic
angiography demonstrated acute PE within the basilar segmental and
subsegmental pulmonary arteries of the right lower lobe and a
wedge-shaped peripheral airspace opacity within the distribution of
the PE in the right lower lobe anterior basilar segment, suspicious for
pulmonary infarction. Venous duplex compression ultrasound of both
lower extremities was unremarkable. He was anticoagulated with
intravenous heparin protocol and started on coumadin. A workup for
inherited causes of thrombophilia was unremarkable.

We chose not to exclude CTAs that were nondiagnostic for
subsegmental PE for a number of reasons. First, a major limitation of
CTA for diagnosis of PE is its ability to detect these smaller
subsegmental PEs, and even pulmonary angiography has limited
interobserver agreement for subsegmental PE, with reported ranges
of 45% to 66% [29,30]. In addition, the clinical importance of
subsegmental emboli has not been completely established, and
some experts [31] have suggested that the diagnosis of subsegmental
PE on CTA in patients “without physiologic compromise” may not be
beneficial; they are almost nearly always nonfatal [32], and the
potential harms of anticoagulation may outweigh the benefit of
anticoagulation in this setting. We hypothesize that most PERC (−)
patients with a PE are likely to fall into this low-risk category, and
excluding this specific cohort (subsegmental PE with no benefit from
therapeutic anticoagulation) will furthermore improve the overall
NPV of this easy to use clinical prediction rule.

6. Conclusion

Consistent with previously described literature, we found that the
use of the PERCmaintains its high sensitivity and NPV to rule out PE in
patients at low risk for PE. Our findings are consistent with a recently
publishedmeta-analysis evaluating the use of PERC. Application of the
PERC in our ED could have safely resulted in 11.5% fewer CTAs,
minimizing potential patient harm, unnecessary health care costs, and
additional laboratory testing. Our data suggest that PERC can be safely
used to identify low-risk patients for whom further testing can be
deferred.
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