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— ABSTRACT

Background: The San Francisco Syncope Rule has
been proposed as a clinical decision rule for risk
stratification of patients presenting to the emer-
gency department with syncope. It has been
validated across various populations and set-
tings. We undertook a systematic review of
its accuracy in predicting short-term serious
outcomes.

Methods: We identified studies by means of
systematic searches in seven electronic data-
bases from inception to January 2011. We
extracted study data in duplicate and used a
bivariate random-effects model to assess the
predictive accuracy and test characteristics.

Results: We included 12 studies with a total of
5316 patients, of whom 596 (11%) experienced
a serious outcome. The prevalence of serious
outcomes across the studies varied between 5%
and 26%. The pooled estimate of sensitivity of
the San Francisco Syncope Rule was 0.87 (95%
confidence interval [CI] 0.79-0.93), and the

pooled estimate of specificity was 0.52 (95% ClI
0.43-0.62). There was substantial between-study
heterogeneity (resulting in a 95% prediction
interval for sensitivity of 0.55-0.98). The prob-
ability of a serious outcome given a negative
score with the San Francisco Syncope Rule was
5% or lower, and the probability was 2% or
lower when the rule was applied only to
patients for whom no cause of syncope was
identified after initial evaluation in the emer-
gency department. The most common cause of
false-negative classification for a serious out-
come was cardiac arrhythmia.

Interpretation: The San Francisco Syncope Rule
should be applied only for patients in whom no
cause of syncope is evident after initial evalua-
tion in the emergency department. Considera-
tion of all available electrocardiograms, as well
as arrhythmia monitoring, should be included
in application of the San Francisco Syncope
Rule. Between-study heterogeneity was likely
due to inconsistent classification of arrhythmia.

yncope is defined as sudden, transient
loss of consciousness with the inability
to maintain postural tone, followed by
spontaneous recovery and return to pre-existing
neurologic function.'” It represents a common
clinical problem, accounting for 1%-3% of
visits to the emergency department and up to
6% of admissions to acute care hospitals.®’
Assessment of syncope in patients presenting
to the emergency department is challenging
because of the heterogeneity of underlying
pathophysiologic processes and diseases.
Although many underlying causes of syncope
are benign, others are associated with substantial
morbidity or mortality, including cardiac
arrhythmia, myocardial infarction, pulmonary
embolism and occult hemorrhage.**'* Con-
sequently, a considerable proportion of patients
with benign causes of syncope are admitted for
inpatient evaluation.'"> Therefore, risk stratifica-
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tion that allows for the safe discharge of patients
at low risk of a serious outcome is important for
efficient management of patients in emergency
departments and for reduction of costs associ-
ated with unnecessary diagnostic workup.'>"

In recent years, various prediction rules based
on the probability of an adverse outcome after an
episode of syncope have been proposed.*'*'¢
However, the San Francisco Syncope Rule,
derived by Quinn and colleagues in 2004,’ is the
only prediction rule for serious outcomes that
has been validated in a variety of populations
and settings. This simple, five-step clinical deci-
sion rule is intended to identify patients at low
risk of short-term serious outcomes®”’ (Box 1).

The aim of this study was to conduct a sys-
tematic review and meta-analysis of the accuracy
of the San Francisco Syncope Rule in predicting
short-term serious outcome for patients present-
ing to the emergency department with syncope.

© 2011 Canadian Medical Association or its licensors
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Methods

Search strategy and data sources

We performed a systematic search of electronic
databases (specifically, MEDLINE, Embase, Med-
Pilot, CINAHL, the Cochrane Central Register of
Controlled Trials, ClinicalTrials.gov and Web of
Science) from their respective inception dates to
Jan. 17, 2011. We applied no language restrictions.
Our search was based on the combination of the
following terms, with syncope being expanded to
match synonyms, subterms or derivatives (e.g.,
faint, transient loss of consciousness): sfsr OR (san
AND francisco AND syncope). In addition, we
reviewed the bibliographies of reviews on risk
stratification for syncope and entries in the
UpToDate database (UpToDate, Inc., Waltham,
Massachusetts; www.uptodate.com) on manage-
ment of syncope in the emergency department.

Study selection

Two reviewers (R.T.S. and C.H.N.) independ-
ently screened all retrieved citations. References
that were judged ineligible by both reviewers on
the basis of a review of titles or abstracts were
not assessed any further. We obtained the full
text of each potentially eligible article. All pri-
mary studies assessing the accuracy of the San
Francisco Syncope Rule to predict the defined
combined end point of a short-term serious out-
come (Box 1) qualified for inclusion.

Assessment of quality and validity

and extraction of data

We assessed the methodologic quality of all
included studies with the Quality Assessment of
Diagnostic Accuracy Studies tool, a checklist of
14 items for assessing the quality of diagnostic
accuracy studies and evaluating possible
sources of bias."™' In addition, we developed an
extended checklist on the basis of previous
methodologic recommendations™?' to explore
possible biases in validation studies in relation
to the derivation study for the San Francisco
Syncope Rule. Two reviewers (R.T.S. and
C.H.N.) independently extracted predefined
characteristics from each study and abstracted
the data to produce the 2 x 2 contingency tables
needed for the statistical analysis, described
below. We defined studies as prospective or
retrospective according to whether the method of
data collection and the end points were defined
before the start of patient enrolment.”

Statistical analysis

We used a bivariate random-effects model for
diagnostic and prognostic meta-analysis to cal-
culate overall estimates of sensitivity and 1 —

specificity.”” This approach allowed us to
account for study size and to incorporate the
negative correlation of the between-study sensi-
tivities and specificities. Random effects incor-
porate latent threshold differences between stud-
ies but also allow for heterogeneity beyond
chance as a consequence of differences in
design and quality of the studies included. We
conducted a priori specified subgroup analyses
to investigate potential sources of heterogeneity
among the included studies (for further informa-
tion, see Appendix 1, available at www.cmaj.ca
/lookup/suppl/doi:10.1503/cma;j.101326/-/DC1).

We prepared a summary receiver operating
characteristic plane by plotting the sensitivity (true
positive rate) of the San Francisco Syncope Rule
on the y axis against 1 — specificity (the false posi-
tive rate) on the x axis. Within the summary
receiver operating characteristic plane, we pro-
vided the pooled estimate, sampled results of a
Markov chain Monte Carlo simulation and indi-
vidual study estimates weighted according to sam-
ple size.** To illustrate the precision of the pooled
estimates, we plotted the 95% confidence region.
This region contains the true underlying pair of
sensitivity and specificity for the population with
95% certainty. On the basis of the random-effects
model, we also calculated 95% prediction intervals
and plotted the corresponding 95% prediction area.
The prediction area corresponds to the variability
or heterogeneity of the estimates of test accuracy

Box 1: San Francisco Syncope Rule’

Aim

Prediction of short-term (within 30 days) serious outcomes in patients
presenting to the emergency department with syncope.

Definitions

Syncope: Transient loss of consciousness with return to baseline neurologic
function. Trauma-associated and alcohol- or drug-related loss of
consciousness excluded, as is definite seizure or altered mental status.

Serious outcome: Death, myocardial infarction, arrhythmia, pulmonary
embolism, stroke, subarachnoid hemorrhage, significant hemorrhage or any
condition causing or likely to cause a return visit to the emergency
department and admission to hospital for a related event.

Selection of predictors in multivariable analysis: Fifty predictor variables
were evaluated for significant associations with a serious outcome and
combined to create a minimal set of predictors that are highly sensitive and
specific for prediction of a serious outcome.

Clinical decision rule

Five risk factors, indicated by the mnemonic “CHESS,"” were identified to
predict patients at high risk of a serious outcome:

e C- History of congestive heart failure
e H-Hematocrit < 30%

e E - Abnormal findings on 12-lead ECG or cardiac monitoring” (new changes
or nonsinus rhythm)

e S - History of shortness of breath
e S -Systolic blood pressure < 90 mm Hg at triage

Note: ECG = electrocardiogram.

CMAJ, October 18, 2011, 183(15) E1117
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of the individual studies. It illustrates the range
that contains 95% of all pairs of individual study
characteristics.

Results

Studies included in analysis

We identified 459 unique, potentially relevant
articles in our initial searches. Twelve of the
studies, involving a total of 5684 patients, met
our inclusion criteria (Figure 1). Of the patients
enrolled, 368 were lost to follow-up, leaving a
total of 5316 patients for inclusion in our analy-
sis. Data from the individual studies were suffi-
cient to construct contingency tables for all stud-
ies. The general characteristics of the included
studies are summarized in Table 1. Two early
validation studies*?** were published only as
abstracts, one study® included only patients aged
65 or older, and one study was a pilot study.' A
chronology of the included studies, as well as
reviews and communications related to the San
Francisco Syncope Rule, can be found in Appen-
dix 2 (available at www.cmaj.ca/lookup/suppl
/doi:10.1503/cmaj.101326/-/DC1). All included

Citations identified n =610
MEDLINE n =80

Embase n =274

MedPilot n =120

CINAHL n=26

Cochrane Central n=0
ClinicalTrials.gov n=2

Web of Science n =46
Reference screening, grey
literature n =62

— Excluded n=157

\ e Duplicate records

Unique citations retrieved
n =459

— Excluded n =386
e Subject matter not

v addressed

Citations retrieved for
detailed review
n=73

— Excluded, did not meet
inclusion criteria n =61

¢ Not about SFSR n =37
Review n=8

Letter or case report n=13
Physician judgment n=1
Prediction of mortality n=1
Cost-effectiveness for
diagnosisn =1

Articles included
in meta-analysis
n=12

Figure 1: Identification of studies for a systematic
review of the San Francisco Syncope Rule.
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studies were published in English between the
years 2004* and 2010.'%"*

The 12 included studies reported a serious
outcome in a total of 596 cases (11%). The
prevalence of serious outcomes in the individ-
ual studies ranged from 5% to 26% (Table 1).
The total number of patients with a serious out-
come in whom the classification was falsely
negative was 96 (16%) (range 0 [0%] to 24
[48%]). A detailed overview of cases with a
serious outcome that were classified incorrectly
appears in Table 2.

Nine studies'*'***">! reported the results of
the San Francisco Syncope Rule for all patients
who presented to the emergency department
with syncope. Three of these studies”*-' also
reported results for patients for whom no cause
of syncope was evident during the initial assess-
ment in the emergency department. Two other
studies*** excluded all patients in whom a cause
of syncope was evident in the emergency
department, and one study* included only
patients who were admitted to hospital. None of
the validation studies applied the San Francisco
Syncope Rule as originally stated in the deriva-
tion study (Appendix 3, available at www.cmaj.ca
/lookup/suppl/doi:10.1503/cmaj.101326/-/DC1).

Quality of studies

Nine studies'?**'¢**?72%32 were prospective and
three studies®***' were retrospective. The num-
ber of patients enrolled but lost to follow-up
ranged from 0 (0%) to 122 (19%). Four of the
studies”*~' used sensitivity analyses to assess
the effect of attrition on performance of the San
Francisco Syncope Rule. Three studies®’ "~
found no substantial differences in estimates of
test performance, and one* reported that the
sensitivity varied between 34% to 90% accord-
ing to assumptions about patients lost to follow-
up. Three studies''*** applied a different out-
come definition than the original derivation
study. The representativeness of the patient sam-
ples for the population, as defined in the original
derivation study, was unclear in three stud-
ies®**! and was not given in two studies®** The
reference standard was judged inadequate in two
studies®** and was unclear in another study.”
Three studies'?*** did not report on blinded
application of the San Francisco Syncope Rule
(i.e., blinding for outcome results), and
five'»2¢3%32 did not report on blinding of out-
come assessment (i.e., blinding for prognostic
factors). The remaining items in the Quality
Assessment of Diagnostic Accuracy Studies tool
were fulfilled (Table 3; see also Appendix 4,
available at www.cmaj.ca/lookup/suppl
/doi:10.1503/cmaj.101326/-/DC1).
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Pooled analyses and between-study
heterogeneity

The pooled estimate of overall sensitivity in our
bivariate random-effects model was 0.87 (95%
confidence interval [CI] 0.79-0.93), and the
pooled estimate of overall specificity was 0.52
(95% CI 0.43-0.62) (Figure 2). Calibration of the
San Francisco Syncope Rule toward sensitivity
resulted in a pooled negative predictive value of
0.97 (95% CI 0.95-0.99) (Table 4). We found
substantial between-study heterogeneity for sensi-
tivity, which resulted in a 95% prediction interval
of 0.55-0.98. The between-study heterogeneity
was somewhat less for specificity, which resulted
in a 95% prediction interval of 0.22-0.81. There
was no evidence of a relation between prevalence
of a serious outcome and diagnostic performance
of the San Francisco Syncope Rule across studies.
The results of sensitivity analyses for various sub-
groups are displayed in Table 4.

Interpretation

We summarized the accuracy of the San Fran-
cisco Syncope Rule in predicting a serious out-
come in patients presenting to the emergency

department with syncope. In our analysis, the
modelled probability of a serious outcome in
patients with a negative score with this rule was
5% or lower (95% CI 1%-5%), based on prior
probabilities of a serious outcome between 5%
and 26% and a pooled sensitivity estimate of
87% and using the upper bound of the 95% CI
for the estimate (i.e., a conservative interpretation
of the data). Because of between-study hetero-
geneity, these summary results should be inter-
preted with caution.

Originally, the San Francisco Syncope Rule
was derived in a prospective study involving all
patients presenting to the emergency department
with syncope, and it was thus conceptualized as
a tool for initial risk stratification.’ Over the past
few years, investigators have modified the ori-
ginal San Francisco Syncope Rule, as well as its
role in evaluating syncope.*'” These modifica-
tions may have been an important cause of the
heterogeneity of predictive accuracy in our sys-
tematic review. In their validation study, Quinn
and colleagues* focused on patients in whom a
cause of syncope was not evident in the emer-
gency department. They emphasized that the San

Table 2: Outcomes with false-negative classification by the San Francisco Syncope Rule
No. of
patients

Study missed Serious outcome in missed cases* (no. of patients)

Quinn et al.’ 3 Troponin elevation < 2 pg/L (2), readmission without cause
found (1)

Fischer et al.” 24 Stroke (6), hemorrhage requiring transfusion (5),
symptomatic ventricular arrhythmia (3), intracranial
hemorrhage (4), implantation of pacemaker (2),
symptomatic bradyarrhythmia (1), hypoglycemia (1),
central cord syndrome (1), not stated (1)

Stracner et al.”® 6 Myocardial infarction (1), subarachnoid hemorrhage (1),
arrhythmia (4)

Quinn et al.* Negative result on cardiac evaluation (1)

Reed et al.' 0 No serious outcomes missed

Sun et al.” Arrhythmia (1), ventricular tachycardia (1), supraventricular
tachycardia (1), hypertrophic obstructive cardiomyopathy
(1), stroke (1), cerebral hemorrhage (1)

Cosgriff et al.” Sick sinus syndrome with implantation of pacemaker (1)

Birnbaum et al.” 16 Death (1), arrhythmia (8), stroke (3), subarachnoid
hemorrhage (1), significant hemorrhage (1), return for
admission to hospital (2)

Schladenhaufen et al.” 23 Arrhythmia (17) with implantation of pacemaker or
defibrillator (11), return for admission to hospital (6),
myocardial infarction (1), cerebral vascular accident (1)t

Thiruganasambandamoorthy 5 Arrhythmia (3), intervention (1), return for admission to

etal” hospital (1)

Diapola et al.” Implantation of pacemaker (3), readmission to hospital (2)

Reed et al.” Not stated

*As described in source article.

tTwo patients experienced more than one serious outcome.

CMAJ, October 18, 2011, 183(15)
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Francisco Syncope Rule should be part of a thor-
ough medical history and physical examination
and should not prevent investigation for other
associated symptoms.** We identified three
studies””*?! that directly compared the “front-
end” application of the rule for all patients with
application of the rule only for patients without
an evident cause of syncope. One of these stud-
ies’' reported better performance of the rule,
whereas the other two studies”” reported poorer
performance of the rule in patients without an
evident cause of syncope.

The management of syncope in the emer-
gency department varies greatly among phys-
icians and centres,” although several evidence-
based recommendations have been published in
recent years.”**’ Therefore, the population of
patients without an evident cause of syncope
may vary considerably according to the practices
of local emergency departments, and judgment
for generalization of the San Francisco Syncope
Rule in this population remains uncertain.
Nevertheless, restriction of application of the
rule to patients without an evident cause of syn-
cope after initial evaluation appears to reduce the
prevalence of serious outcomes. According to

True positive rate (sensitivity)

1.0

0.8

0.6

0.4

0.2 1

0.0

Pooled sensitivity and 1-specificity
Derivation study of the SFSR
Validation studies of the SFSR
Published only as abstract

Ce < e

— 95% confidence area
--- 95% prediction area
..... Absence of predictive accuracy

0.0

T T T T T
0.2 0.4 0.6 0.8 1.0

False positive rate (1-specificity)

Figure 2: Plot of true positive rate v. false positive rate for studies included in the
systematic review of the San Francisco Syncope Rule (SFSR). The 95% confidence
region shows the precision of the pooled estimates based on the random-effects
model. The 95% prediction area illustrates the between-study variability (i.e., the
range that contains 95% of all pairs of individual study test characteristics). The
size of the plotted point for each study indicates its relative sample size.
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Bayes’ rule, the post-test probability will be
reduced accordingly, given that patient selection
does not substantially affect performance of the
San Francisco Syncope Rule. Our subgroup
analyses confirmed a reduction in the modelled
probability of a serious outcome, given a nega-
tive score, from 5% or lower to 2% or lower
(using the upper bound of the 95% confidence
interval), when the San Francisco Syncope Rule
was restricted to patients without an evident
cause of syncope.

We identified cardiac arrhythmia as an
important issue and a potential source of hetero-
geneity. In their original publications, the
authors of the San Francisco Syncope Rule
specified that the result was positive if any non-
sinus rhythm or any new changes were present
on the electrocardiogram (ECG).** They
recently clarified that the ECG criterion was not
to be limited to a single evaluation but should
include any available ECGs, as well as cardiac
monitoring in the emergency department."” It is
likely that in studies performed after the original
derivation study, cardiac arrhythmia registered
during monitoring in the emergency department
was inconsistently classified as a missed serious
outcome.

Schladenhaufen and associates™ reported 17
cases of arrhythmia out of 23 serious outcomes
missed in a retrospective cohort of patients aged
65 years or older. Birnbaum and coworkers®+*
applied the San Francisco Syncope Rule to a
minority population of African American and
Hispanic individuals with a high admission rate
(86%). They reported a sensitivity of only 74%
(95% CI 61%—84%), missing a total of 16 ser-
ious outcomes, including 8 cases of arrhythmia.
In contrast, Quinn and colleagues* reported 23
cases of arrhythmia diagnosed after the initial
visit to the emergency department, but they
reported only one missed serious outcome.
Finally, in the study by Thiruganasamban-
damoorthy and coauthors,” four of the five cases
with a missed serious outcome involved arrhyth-
mia (for one of which the serious outcome was
“return for admission to hospital”). With inclu-
sion of abnormalities detected during cardiac
monitoring in the emergency department, three
of these arrhythmias would have been classified
as positive with the San Francisco Syncope Rule
(i.e., true positive), which would have improved
the sensitivity from 0.90 to 0.96 (95% CI 0.87-
0.99). However, which patients with syncope
should undergo routine ECG monitoring in the
emergency department and the duration of the
monitoring period have been insufficiently speci-
fied for the San Francisco Syncope Rule, and
further investigation is required."”
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Validation studies have reported single cases
of stroke, myocardial infarction, subarachnoid
hemorrhage and other outcomes that were
missed by the San Francisco Syncope Rule.
Fischer and coworkers” reported six strokes as
missed serious outcomes. However, their study
was published only as an abstract, and it is ques-
tionable whether the inclusion criteria of the San
Francisco Syncope Rule were correctly applied
and whether patients whose neurologic function
did not return to baseline were excluded (see
Box 1).

None of the validation studies applied the
San Francisco Syncope Rule as originally out-
lined in the derivation study (Appendix 3, avail-
able at www.cmaj.ca/lookup/suppl/doi:10.1503
/cmaj.101326/-/DC1). Important factors other
than arrhythmia that may explain the variable
performance of the San Francisco Syncope Rule
in these validation studies are differences in the
definition of an abnormal ECG,** the profes-
sional role of the person in charge of interpret-
ing the ECG, the definition of a serious outcome
and the study design (prospective or retrospec-
tive). However, the small number of studies and
the multitude of potentially confounding factors
prevent a meaningful sensitivity analysis of the
influence of these factors on accuracy of the rule.

Extension of the rule with predictors selected
in recently derived scores may enhance its pre-
dictive accuracy. Levels of natriuretic peptide in
the brain, oxygen saturation and chest pain are
possible candidates that were relevant in the
recently derived ROSE (Risk stratification Of
Syncope in the Emergency department) rule.”® A
list of predictors employed in other rules is pre-
sented in Appendix 5 (available at www.cmaj.ca
Nookup/suppl/doi:10.1503/cmaj.101326/-/DC1).

In October 2010, Serrano and coworkers?
published a general systematic review and meta-
analysis on clinical decision rules for syncope in
the emergency department. They reported simi-
lar pooled accuracy estimates for the San Fran-
cisco Syncope Rule, with sensitivity 87% (95%
CI 79%-92%) and specificity 48% (95% CI
38%—59%). These authors explored heterogen-
eity between studies through subgroup analysis
related to study design, outcome period, defini-
tion of ECG, ECG determination (by caring
physician v. others) and patient selection (stable
v. unstable). They found no statistically signifi-
cant explanation for the variability in perform-
ance of the San Francisco Syncope Rule.

We conducted this systematic review accord-
ing to a prespecified protocol, with a strict focus
on studies employing the San Francisco Syncope
Rule. We identified relevant studies, reviews and
correspondence using a comprehensive literature
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search in seven databases. In comparison to the
the systematic review of Serrano and cowork-
ers,” we found three additional studies.'*?* How-
ever, the possibility of publication bias can never
be fully excluded and is difficult to assess for our
particular research question, because the use of
funnel plots may be misleading in diagnostic or
prognostic accuracy studies.*

We assessed possible biases with the Quality
Assessment of Diagnostic Accuracy Studies
instrument individually for each study and ela-
borated on inconsistent use of the San Francisco
Syncope Rule in the process of evaluating syn-
cope. Our critical review of individual study dif-
ferences further elucidates between-study hetero-
geneity and provides important supplementary
information that will allow clinicians to better
understand how to optimally apply the San Fran-
cisco Syncope Rule. Furthermore, we employed
modern statistical methods to provide easily
interpretable negative and positive post-test prob-
abilities.** In addition, we have provided a com-
prehensive overview of the components of ser-
ious outcomes that were missed by the San
Francisco Syncope Rule.

Limitations

The degree of between-study heterogeneity for
both sensitivity and specificity in the included
studies was an important limitation of this analy-
sis. Although the general quality of the included
studies was good, there were several potential
confounding factors with high interrelation in
individual studies. Because of the small number
of studies identified, subgroup sensitivity analy-
ses were of only limited value, and we were
unable to attribute between-study variability to
any specific factor.

Conclusions
The San Francisco Syncope Rule is an impor-
tant step toward reliable risk stratification of
patients presenting to the emergency depart-
ment with syncope. The strength of the rule is
its thorough derivation process and the number
of validation studies that have been performed.
As such, it is currently the most thoroughly
investigated prediction rule for serious outcome
and should be used as the basis for further
developments in syncope-related risk predic-
tion. However, validation studies have shown
inconsistent results, which may be related to
different classifications of arrhythmia captured
on monitoring during the initial patient work-up
in the emergency department and not apparent
on the initial ECG.

As recommended by the original authors, the
San Francisco Syncope Rule should be used dur-
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ing initial evaluation of syncope at the discretion
of the treating emergency physician and should
include all available ECGs, as well as results of
cardiac monitoring. In patients without an evi-
dent cause of syncope, a negative score is associ-
ated with a posterior probability of a serious out-
come of 2% or lower, which should allow for
safe discharge of the patient.

Further research is needed to determine

whether the accuracy of the San Francisco Syn-
cope Rule improves with routine inclusion of
cardiac monitoring or if additional factors should
be employed, especially for elderly patients.
Recently developed rules or biomarkers may
provide suitable criteria for refinement or exten-
sion of the San Francisco Syncope Rule.
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