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ABSTRACT

Objectives To perform a systematic review and meta-
analysis including all the current studies to assess the
accuracy of pulmonary embolism rule-out criteria (PERC)
in ruling out pulmonary embolism (PE).

Methods \We conducted a comprehensive search of the
major databases (Ovid Medline In-Process & Other Non-
Indexed Citations, Ovid MEDLINE, Ovid EMBASE, Qvid
PsycInfo, Ovid Cochrane Central Register of Controlled
Trials, Ovid Cochrane Database of Systematic Reviews
and Scopus) and references of potentially eligible articles
and conference proceedings of major emergency
medicine organisations through May 2012. We included
all original research studies conducted in emergency
departments on diagnostic performance of PERC. Two
reviewers independently identified the eligible studies and
extracted data. Sensitivity, specificity and likelihood ratios
were calculated using contingency tables.

Results 12 studies including 13 cohorts (three
retrospective, 10 prospective) were included, comprising
of 14 844 patients from six countries. 12 cohorts were
urban and one was rural. Pooled (95% Cl) sensitivity,
specificity, positive and negative likelihood ratio were
0.97 (0.96 to 0.98), 0.22 (0.22 to 0.23), 1.22 (1.16 to
1.29) and 0.17 (0.13 to 0.23), respectively. The pooled
(95% Cl) diagnostic OR was 7.4 (5.5-9.8). On meta-
regression analysis, there was no significant difference
between PE prevalence and PERC diagnostic performance
(coefficient (SE) of —0.032 (0.022), p=0.173) or on
relative diagnostic OR (0.97, 95% Cl 0.92 to 1.02).
Significant heterogeneity was observed in specificity
(I?=97.4%) and positive likelihood ratio (I*=89.1%).
Conclusions Because of the high sensitivity and low
negative likelihood ratio, PERC rule can be used
confidently in clinically low probability population settings.

INTRODUCTION

Millions of patients present to the emergency
department (ED) annually in the USA with
common complaints of dyspnoea, chest pain or
both! and pulmonary embolism (PE) is potentially
a fatal underlying cause. Fear of missing mortal
diagnosis often compels emergency physicians to
order a D-dimer. Even though D-dimer is a rela-
tively low cost test, it has poor specificity, and
therefore often leads to false positive results.
Positive D-dimer in turn leads to expensive con-
firmatory tests such as ventilation perfusion scan,
CT-pulmonary angiography and so on.” These con-
firmatory tests incur significant cost burden on
patients, increase length of ED stay and may lead
to incidental findings, which further increase

Emerg Med J 2013;30:701—706. doi:10.1136/emermed-2012-201730

anxiety level of patients along with serial imaging
studies.®

Kline and colleagues developed a clinical decision
rule (pulmonary embolism rule-out criteria, PERC)
to rule out the PE among patients with low suspi-
cion.* Patients meeting PERC criteria (PERC (-))
(age <50 years, pulse rate <100/min, SpO, >94%,
no unilateral leg swelling, no haemoptysis, no
surgery or trauma within 4 weeks, no prior deep
vein thrombosis or PE and no oral hormone use)
should not require any further testing including
D-dimer. PERC rule when applied to the US popu-
lation yielded similar results; however, the results
were inconclusive in European population.*™!
Therefore, we conducted a systemic review and
meta-analysis reporting the pooled results of all
available studies done in different settings and con-
cluded that PERC rule can be used with confidence
in various settings with low PE probability."?

Recently, Penaloza et al'® applied PERC rule
alone and combined with revised Geneva score and
gestalt clinical probability in a non-selected
European population. They reported that PERC
rule when combined with gestalt clinical probabil-
ity can rule out PE in selected group of patients
without requiring additional testing."® Therefore,
to further strengthen the evidence, we performed
an updated systematic review and meta-analysis
including additional studies to our previous report
to assess the accuracy of PERC in ruling out PE in
the ED.

METHODS

This meta-analysis followed the Preferred
Reporting Items for Systematic Review and
Meta-analysis statement guidelines.'"* We con-
ducted a comprehensive search of the major data-
bases (Ovid Medline In-Process &  Other
Non-Indexed Citations, Ovid MEDLINE, Ovid
EMBASE, Ovid Psyclnfo, Ovid Cochrane Central
Register of Controlled Trials, Ovid Cochrane
Database of Systematic Reviews and Scopus)
through August 2011 and updated on 29 May
2012, irrespective of language barrier. In addition,
we reviewed the references in potentially eligible
articles and conference proceedings of the major
emergency medicine organisations to minimise the
publication bias. The comprehensive search was
designed by an expert librarian (PJE), with inputs
from the study investigators (AKP and BS). The
detailed search strategy is available as an online
supplementary appendix.
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Two reviewers independently screened the titles and abstracts
of potentially eligible articles, followed by a comprehensive
review of full texts of potentially eligible articles. The study
selection criteria were: (1) defined performance of accuracy of
PERC to rule out PE, (2) original research and (3) conducted in
the ED. We did not limit our search strategy to the publication
or language status. Inter-reviewer agreement for study selection
during both phases was assessed with Cohen’s weighted «, and
any disagreement was resolved by mutual consensus. Two
reviewers independently extracted the data from included
studies using the standardised predesigned form, and any dis-
agreement was resolved by mutual consensus. Data points
were study characteristics (author, country, publication year,
number of patients, study settings, study design, description of
study participants and duration of follow-up), subject selection
(inclusion and exclusion criteria), PERC classification, outcome
definition and measurement, outcomes in PERC positives and
negatives, and follow-up. In a study reporting multiple cohorts,
each cohort was included separately.'® The primary outcome of
our study was the diagnosis of PE or venous thromboembolism
or death caused by venous thromboembolism within 90 days of
initial ED evaluation. For the quality assessment of the study
methodology, we used the modified Quality Assessment of
Diagnostic Accuracy Studies tool; further details about quality
assessment are given elsewhere.'” The quality assessment of
study methodology was done independently by two reviewers
and the inter-reviewer agreement was assessed with Cohen’s
weighted k and any disagreement was resolved by mutual
consensus.

Statistical analysis

The results were reported as medians with IQR or means with
SD for continuous variables and percentages for the categorical
variables. Contingency tables were used to calculate the pooled
sensitivity and specificity. Pooled likelihood ratios and diagnos-
tic OR were calculated by random-effects model. The statistical

heterogeneity between the studies was quantified with I? stat-
istic.'” 1% values of <25%, 25%-50% and >50% represent
minimal, moderate and substantial heterogeneity, respectively.
A subgroup analysis was performed on the basis of PE preva-
lence (<10% and >10%). Meta-regression with a generalisation
of Littenberg and Moses linear model was performed to deter-
mine the association between PE prevalence and PERC diagnos-
tic accuracy. All the analyses were performed with Meta-Disc
software (Unit of Clinical Biostatistics and the Ramon y Cajal
Hospital, Madrid, Spain).

RESULTS

The study selection flow diagram is shown in figure 1. In all, 12
studies including 13 cohorts met the inclusion criteria (table 1),
comprising of 14 844 patients from six countries (USA, UK,
Switzerland, France, Belgium and New Zealand).*'' '3 16-18
Twelve cohorts were urban and one was rural,® with three
derived retrospectively,® '© ¥ while the rest were derived pro-
spectively. Mean age was 56.7 years, with 63% female subjects.
The inter-reviewer agreement (k) for phase I (title and abstracts)
and phase II (full texts) was 0.93 and 0.91, respectively. Quality
assessment of the study methodology is shown in table 2. The
inter-reviewer agreement (k) for the quality assessment of the
study methodology was 0.88. In all the cohorts, study popula-
tions appeared unbiased, with no reported implementation of
PERC in clinical practice.

Figure 2 demonstrates the pooled performance of the
included studies. The pooled (95% CI) sensitivity, specificity,
positive likelihood ratio and negative likelihood ratio were
0.97 (0.96 to 0.98), 0.22 (0.22 to 0.23), 1.22 (1.16 to 1.29) and
0.17 (0.13 to 0.23), respectively, for PERC alone. Even though
minimal decrease was seen in pooled specificity, positive likeli-
hood ratio and negative likelihood ratio after combining the
PERC rule with the clinical gestalt, it was clinically insignifi-
cant.’? The pooled (95% CI) diagnostic OR was 7.4 (5.5 to 9.8).
Significant heterogeneity was observed in specificity (I°=97.4%)
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Figure 1 The flow diagram for the selection of studies.
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Table 1 Characteristics of included cohorts
N Age, mean (SD) or PE Duration of
Author, year, country (% female) median (IQR) Subject selection Outcome definition prevalence  follow-up, days
Wolf, 2008, USA 134 (54.0) 58 (43-72) Adults 18-85 years with clinically suspected PE, chest radiograph and ECG included. Combination of: 11.9 90
Exclusion: pregnant, haemodynamically unstable, known D-dimer level in recent past » high probability V/Q scan using modified
prospective investigation of PE diagnosis
criteria
intermediate probability V/Q scan with a
high pretest clinical suspicion
» contrast-enhanced CT scan chest
pulmonary angiogram
» diagnosis of VTE
Hogg, 2005, UK 425 (51.1)  38.3 (15.0) Adults (>18 years) presented to ED with pleuritic chest pain. Combination of: 5.4 90
Exclusion: pneumothorax, ECG changes of myocardial infarction, ischaemia or pericarditis, » high probability V/Q scan with high clinical
pregnancy or trauma within 4 weeks probability
» CT-pulmonary angiography
» digital subtraction angiography
Kline, 2004, USA, LR 1427 (60.0) 47 (17) Adults (>18 years) with clinical suspicion for PE that emergency physicians believed were Combination of: 8.0 90
at LR to justify exclusion of PE on the basis of a negative D-dimer » CT angiography
» CT angiography-venography
» V/Q scan (followed by duplex ultrasound of
the extremities)
Kline, 2004, USA, VLR 382 (56.0) 56 (18) Adults (>18 years) presenting with shortness of breath but emergency physician stated PE Combination of: 2.4 90
not the most likely diagnosis » CT angiography
» CT angiography-venography
» V/Q scan (followed by duplex ultrasound of
the extremities)
Dachs, 2010, USA 213 All the ED patients who underwent a CT scan to rule out PE CT chest 8.5 90
Hugli, 2011, 1675 (56.7) 61 (45-76) Adult outpatients treated in the ED with a clinical suspicion of PE. Combination of: 21.3 90
Switzerland, France, Exclusion: contraindication to multidetector CT (MDCT) (ie, allergy to iodine contrast agents, ~ » positive MDCT or pulmonary angiography
Belgium creatine clearance < 30 ml/min or pregnancy), a terminal illness with an expected survival » high probability V/Q scan
of <3 months, a previous documented diagnosis of PE or were receiving anticoagulant » proximal deep vein thrombosis documented
therapy at presentation by compression ultrasonography
Beam, 2007, USA 189 Adults (>18 years) with clinical suspicion for PE for whom emergency physicians Combination of: 4.2 45
considered formal PE evaluation necessary » CT scan and V/Q scan
Righini, 2005, 762 (58.0) 61 (19) Consecutive outpatients suspected of PE Combination of: 25.7
Switzerland » clinical probability assessment
» D-dimer measurement
» venous ultrasonography (USA)
» helical CT
» pulmonary angiogram
Crichlow, 2011, USA 110 (74) 46.4 (30.8-62.0) Patients who received CTpulmonary angiography or lower-extremity duplex ultrasonography Combination of: 5.26 90
» CT-pulmonary angiography
» Lower-extremity duplex
» Ultrasonography
Kline, 2010, USA 110 ED patients (>17 years) admitted with chief complaints: chest pain, shortness of breath, Combination of: 1.74 14

respiratory distress, syncope, hypotension,palpitations, cough, altered mental status or
syntax indicating that the patient was sent from outside facility for PE evaluation

» D-dimer
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Table 1

Duration of

PE

Age, mean (SD) or
median (IQR)

follow-up, days

prevalence

Outcome definition

Subject selection

(% female)

Author, year, country

» pulmonary vasculature imaging
» venous ultrasonography

Combination of:

45

4.44

ED patients with any testing (V/Q scan, CTscan or D-dimer test) to evaluate for PE

315

Courtney, 2006, USA

» V/Q scan
» CTscan

» D-dimer test
Combination of:

45

1.7

Adults (>18 years) with clinical suspicion for PE on ED physician’s evaluation.

9.1

4

8138 (67.0)

Kline, 2008, USA,
New Zealand

» either a high probability V/Q scan or

» CT angiogram or

Exclusion: (1) positive pulmonary vascular imaging study in last 7 days, (2) patient indicated
that the enrolment hospital was not his or her choice for follow-up or (3) patient would be

» conventional pulmonary angiogram or

» PE on autopsy
Combination of:

lost to follow-up (eg, homeless, psychiatric disorders, international travellers, person arrested

for felonies)

90

29.8

Consecutive patients with suspected PE who presented to EDs.

63.9 (0.6)

959 (62.0)

Penaloza, 2012,

» either a high probability V/Q scan or spiral

CT

Exclusion: (1) the diagnosis of thromboembolic disease wasdocumented before admission;
(2) PE was suspected during a hospital stay of more than 2 days duration; or (3) diagnostic
testing was cancelled for ethical reasons, because of rapid death or because the patient

decided to leave the hospital against medical advice

Belgium, France

» venous compression ultrasonography

» pulmonary angiogram
» PE on autopsy

ED, emergency department; LR, low risk; PE, pulmonary embolism; V/Q scan, ventilation-perfusion scan; VLR, very low risk; VTE, venous thromboembolism.

and positive likelihood ratio (1?=89.1%); however, no hetero-
geneity was observed in the negative likelihood ratio (I*=0%).
The overall proportion of missed PE was 0.3% (48 of 14 844
total cases) when PERC rule was used alone or with revised
Geneva score, which further decreased to 0.296% (44 of 14 844)
when used in combination with clinical gestalt.

For the preplanned subset analysis, studies were divided into
two groups based on the PE prevalence (> or <10%) (see
online supplementary appendix figures S1 and S2). In high and
low prevalence groups, pooled (95% CI) sensitivity, specificity,
positive likelihood ratio and negative likelihood ratio were
0.97 (0.97 to 0.98), 0.14 (0.18 to 0.16), 1.13 (1.10 to 1.16),
0.19 (0.18 to 0.30), and 0.97 (0.95 to 0.98), 0.24 (0.24 to 0.25),
1.30 (1.21 to 1.38), 0.16 (0.11 to 0.22), respectively. On
meta-regression analysis, there was no significant difference
between PE prevalence and PERC diagnostic performance (coef-
ficient (SE) of —0.032 (0.022), p=0.173) or on relative diagnos-
tic OR (0.97, 95% CI 0.92 to 1.02).

DISCUSSION

We conducted a systematic review and meta-analysis of all the
literature till date to assess the performance of PERC rule in
ruling out the PE in ED, when the clinical probability is low.
We found that PERC rule is highly effective in ruling out the
PE in settings of low clinical suspicion and D-dimer testing is
therefore unnecessary when the pretest probability is low.
These results are similar to our previous findings with lesser
number of studies, which is equivalent to ‘level 2 evidence’.'?

Penaloza et al'® reported that PERC rule combined with low
gestalt clinical probability seems to identify a group of patients
for whom PE could easily be ruled out without additional test,
as compared with when PERC rule was applied alone or in
combination with revised Geneva score. On analysis, the
overall pooled sensitivity and negative likelihood ratio did not
change when PERC rule was applied alone and in combination
with revised Geneva score and with clinical gestalt to an add-
itional 959 patients by Penaloza et al/*® in European setting.
Pooled specificity, positive and negative likelihood ratio
decreased minimally compared with a previous report,'? which
were clinically insignificant. Possible reasons for unchanged
pooled results after including the results of PERC with clinical
gestalt could be single study and small number of patients.
Therefore, validation of PERC with gestalt clinical probability
in another population setting with larger number of patients
would be of great value.

Current meta-analysis reports high sensitivity and negative
predictive value of PERC with very low missing rate of true PE,
which is consistent with our previous report with lesser
number of patients.’> On subset analysis, sensitivity and nega-
tive likelihood ratio did not change between high and low
prevalence groups, and thus PERC rule seems to be highly pre-
dictive of the absence of PE in low clinical probability popula-
tion irrespective of the PE prevalence. This further reiterates
our findings that ‘use of PERC could avoid the frequent expen-
sive diagnostic imaging that typically results when a D-dimer
result is positive’.!> Addition of one more large study from a
different population setting further increases the authenticity
of our pooled results, whereas low specificity still remains the
major problem. Other limitations of this meta-analysis are
small number of included studies and heterogeneity in the spe-
cificity and positive likelihood ratio. However, the specificity
and positive likelihood ratio have limited importance while
measuring the test performance of a predictive test.
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Table 2 Quality assessment study methodology, score obtained by each study on the checklist*

Hogg, Wolf, Kline, Dachs, Kline, Kline,
Hugli, 2011, Righini, 2005, 2005, 2008, 2008, 2010, 2004, 2010, Penaloza,
Switzerland Switzerland UK USA USA, NZ USA USAt USA 2012, France
(1) Were the patients selected in an 1 1 1 1 1 1 1 1 1
unbiased fashion (consecutive or random
sampling)?
(2) Do they represent a spectrum of 0 0 1 1 1 1 0/1% 1 1
pretest probability the PERC is used for?
(3) Were the predictor variables 1 1 1 1 1 1 1 1 1
assessed without knowledge of the
outcome?
(4) Were the outcomes assessed 1 1 1 1 1 1 1 1 1
without knowledge of the predictor
variables?
(5) Were the outcomes defined 1 1 1 1 1 1 1 1 1
accurately (especially PE)?
(6) Was follow-up adequate (<10% lost 1 1 1 1 1 1 1 1 1
to follow-up)?
(7) Was there an explicit interpretation of 0 0 0 0 0 0 0 0 0

PERC by clinicians in practice without
knowledge of the outcome?

*Yes=1, No=0.

tThe study had two cohorts.

tScores represent the score for the low risk and very low risk cohort, respectively.
PE, pulmonary embolism; PERC, pulmonary embolism rule-out criteria.

= Sensitivity (95% C1) Specificity (5% CI)
1} Welf_2008 1.00 (0.79- 1.00) —.—py Wolf_2008 0.16  (0.10-0.24)
;[ Hogg_2005 087 (0.66-0.97) " ~o— Hogg_2005 053 (0.43-0.58)
|| Kiine_2004_LR 096 (0.90-0.99) e Kine_2004_LR 027 (0.25-0.30)
¢ Kline_2004_VLR 1.00 (0.66- 1.00) - Kine_2004_\LR 0.15 (0.12-0.19)
———=9 Dachs_2010 100 (0.81-1.00) = Dachs_2010 025 (0.19-031)
B Hugli 2011 097 (0.94-0.98) * Hugli_2011 016 (0.14-0.18)
p Beam_2007 1.00 (0.63-1.00) —et Beam_2007 0.19 (0.13-0.25)
-#| Righini_2005 097 (0.93-0.99) - Il Righini_2005 045 (0.12-0.18)
@ Kiine_3008 097 (0.96-0.99) ? Kine_2008 022 (0.21-0.23)
+¢ Kline_2010 100 (0.16- 1.00) — Kine_2010 058 (0.48-0.67)
Courtney_2006 086 (0.57-0.99) " —— Courtney_2006 043 (0.37 - 0.49)
ﬁ- Crichlow 2011 100 (0.63-1.00) —— Crichlow_2011 014 (0.08-0.22)
Penaloza_2012 099 (0.96-1.00) » 0, Penaloza_2012 0.10 (0.08-0.13)
Il 1
3 Pooled Sensitivity = 0.97 (0.96 to 0.98) a Pooled Specificity = 0.22 (0.22t0 0.23)
Chi-square = 15.72; df = 12 (p = 0.2045) Chi-square = 464.36; df = 12 (p = 0.0000)
0 02 0.4 086 08 1 Inconsistency (l-square) = 23.7 % 0z 04 06 08 Inconsistency (I-square) = 97.4 %
Sensitivity Specificity
Positive LR (95% CI) Negative LR (95% CI)
Wolf_2008 116  (1.03 - 1.30) = Wolf_2008 0.8 (0.01-284)
Hogg_2005 185 (1.53-2.23) —_— Hogg_2005 025 (0.09-0.71)
Kline_2004_LR 131 (1.24-138) —— Kine 2004 LR 0.16  (0.07-0.38)
Kline_2004_VLR 112 (0.97 - 1.30) e ——— Kine_2004_\LR 033 (0.02-4.90)
Dachs_2010 128 (1.16-1.44) Dachs_2010 0.1 (0.01-1.66)
Hugli_2011 115 (1.11-1.18) L‘—. Hugli_2011 021 (0.12-0.37)
Beam_2007 1.17 (0.98-1.239) —_———r Beam_2007 029 (0.02-4.41)
Righini_2005 1.14 (1.09-1.18) —+— Righini_2005 021 (0.09-0.47)
Kline_2008 126 (1.23-1.27) & Kine_2008 0.1z (0.07-0.19)
Kline_2010 1968 (1.13-3.39) —F—0°—___._— ?men_imﬁma 333 ((ggg i ?g%
. + ourtney E 09- 1.
Caen o 20ts 1% $808 —pe—t— Crchiou, 2011 038 (©.03-609)
Penaloza_2012 110 (1.07 - 1.13) Penaloza_2012 0.13 (0.05-0.36)
Il
Random Effects hMadel
Random Effects Model Lo a de
Pooled Positive LR = 1.22 (1.16 to 1.20) Pooted Negmive L R = 0.17 (.13 10 0.3%)
. il - Cochran-0 = 6.16; df = 12 (p = 0.9081)
Cochran-Q = 110.11; df = 12 (p = 0.0000) Ironaisenoy (hauareys 0.0 %
0.01 1 1000 Inconsistency (-square) = 8.1 % 01 i 1000 dnconss dggognn )=0.
Positive LR Tau-squared = 0.0054 Negative LR au-squared = 0.

Figure 2 Pooled diagnostic performance of pulmonary embolism rule-out criteria. Access the article online to view this figure in colour.
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