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Abstract

Objectives: To determine the sensitivity and specificity of the San Francisco Syncope Rule (SFSR) elec-
trocardiogram (ECG) criteria for determining cardiac outcomes and to define the specific ECG findings
that are the most important in patients with syncope.

Methods: A consecutive cohort of emergency department (ED) patients with syncope or near syncope
was considered. The treating emergency physicians assessed 50 predictor variables, including an ECG
and rhythm assessment. For the ECG assessment, the physicians were asked to categorize the ECG as
normal or abnormal based on any changes that were old or new. They also did a separate rhythm
assessment and could use any of the ECGs or available monitoring strips, including prehospital strips,
when making this assessment. All patients were followed up to determine a broad composite study out-
come. The final ECG criterion for the SFSR was any nonsinus rhythm or new ECG changes. In this spe-
cific study, the initial assessments in the database were used to determine only cardiac-related outcomes
(arrhythmia, myocardial infarction, structural, sudden death) based on set criteria, and the authors
determined the sensitivity and specificity of the ECG criteria for cardiac outcomes only. All ECGs classi-
fied as “abnormal” by the study criteria were compared to the official cardiology reading to determine
specific findings on the ECG. Univariate and multivariate analysis were used to determine important
specific ECG and rhythm findings.

Results: A total of 684 consecutive patients were considered, with 218 having positive ECG criteria and
42 (6%) having important cardiac outcomes. ECG criteria predicted 36 of 42 patients with cardiac out-
comes, with a sensitivity of 86% (95% confidence interval [CI] = 71% to 94%), a specificity of 70% (95%
CI =66% to 74%), and a negative predictive value of 99% (95% CI =97% to 99%). Regarding specific
ECG findings, any nonsinus rhythm from any source and any left bundle conduction problem (i.e., any
left bundle branch block, left anterior fascicular block, left posterior fascicular block, or QRS widening)
were 2.5 and 3.5 times more likely associated with significant cardiac outcomes.

Conclusions: The ECG criteria from the SFSR are relatively simple, and if used correctly can help pre-
dict which patients are at risk of cardiac outcomes. Furthermore, any left bundle branch block conduc-
tion problems or any nonsinus rhythms found during the ED stay should be especially concerning for
physicians caring for patients presenting with syncope.
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yncope is defined as a transient loss of conscious-
ness resulting in loss of postural tone, followed
by spontaneous recovery with return to baseline
neurologic function. It is a common clinical problem,
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accounting for 1.2% of emergency department (ED) visits
and up to 6% of acute hospitalizations.’?

The assessment of patients with syncope is challeng-
ing because of the heterogeneity of the underlying
cause. Many causes of syncope are benign, with neuro-
cardiogenic (vagal) presentations being the most com-
mon. However, many patients present to EDs with
unclear causes, with 5% to 10% of these patients suffer-
ing significant morbidity or mortality. Cardiac arrhyth-
mia and sudden death are the most serious causes of
syncope in this group.>* As a result, a large number of
patients with benign syncope are admitted for inpatient
evaluation, at an estimated cost in the United States of
over $2 billion dollars a year.® There is a large variation
in the number of patients admitted, with the rate in
the United States reported to be 50% to 85%, while in
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Canada and Australia the admission rate is between
15% and 30%."%58 There is great potential to improve
the efficiency of the admission decision, and numerous
studies have attempted to derive predictors or risk fac-
tors for those at high risk for serious outcomes.
Regardless of the study, cardiac risk and the presenting
electrocardiogram (ECGQG) findings are consistently the
most important factors in risk-stratification of syncope
patients.®'* However, studies vary on what constitutes
an “abnormal” ECG. Furthermore, failure to apply sim-
ple ECG criteria has led to a variety of results when
externally validating prediction rules for syncope.” %16
The largest series of prospective consecutive ED
patients with syncope examined emergency physician
interpretation of ECGs.>!! In the derivation of the San
Francisco Syncope Rule (SFSR), the definition of an
abnormal ECG included any nonsinus rhythm on the
12-lead ECG, during routine cardiac monitoring,
and/or any new changes in the ECG compared to a
previous ECG. However, the SFSR study considered all
serious outcomes and did not distinguish cardiac out-
comes from noncardiac serious outcomes. Further-
more, it did not specify which ECG findings were
abnormal. In this study, we determined the sensitivity
for the ECG criteria of the SFSR for cardiac outcomes
and reviewed all the abnormal ECGs in the SFSR study
to determine the specific abnormalities and their impor-
tance when evaluating patients with syncope.

METHODS

Study Design

This was an analysis of a database of prospectively col-
lected data from consecutive patients with syncope. The
original data set was collected under the approval of
the University of California San Francisco committee
on human research. The Stanford University institu-
tional review board approved the reanalysis of data for
this study.

Study Setting and Population

The initial prospective cohort study was conducted at a
large university teaching hospital from July 1, 2000,
until February 28, 2002, and included patients present-
ing with acute syncope or near syncope as a reason for
their ED visit. Research assistants prospectively
screened patients with complaints of syncope, loss of
consciousness, fall, collapse, seizure, light-headedness,
tachycardia, bradycardia, shortness of breath, and chest
pain. Exclusion criteria were persistent altered mental
status, alcohol or illicit drug related loss of conscious-
ness, a definite seizure, or transient loss of conscious-
ness caused by head trauma.

Study Protocol

Original Study. A research nurse reviewed daily
patient logs and ensured enrollment of all possible
patients. Prospective patients were identified and
brought to the attention of the attending physician, who
made the final decision to enroll the patient. After
assessing the patients, physicians completed a struc-
tured data form. The physicians assessed 50 predictor
variables, including an ECG and rhythm assessment.

715

For the ECG assessment, the physicians were asked to
categorize the ECG as normal (completely normal or old
changes) or abnormal (any new changes). Specifically,
physicians were instructed that they should consider any
new change as an abnormal ECG if there was no old
ECG for comparison, but were encouraged to use old
ECGs from previous visits or serial ECGs in their assess-
ments. Physicians also did a separate rhythm assess-
ment, which was considered as a separate variable.

While monitoring was not mandated, they could use
any of the ECGs or available monitoring strips, includ-
ing prehospital strips, when making this assessment.
Physicians marked the rhythm as sinus rhythm, supra-
ventricular tachycardia (SVT), bradyarrhythmia, ventric-
ular ectopy, or other. Where possible, two physicians
independently evaluated patients to measure agreement
on these two variables. In the derivation study both
variables had good agreement and were combined to
form the ECG criteria for the SEFSR, the ECG criteria
for the rule being positive if there were any new ECG
changes or any nonsinus rhythm.?

Each patient was followed by a study coordinator to
determine whether he or she had suffered a serious
outcome by day 7. Serious outcomes for the study were
death, myocardial infarction (MI), arrhythmia thought
to cause the event, pulmonary embolism, stroke, sub-
arachnoid hemorrhage, significant hemorrhage, or any
condition causing or likely to cause a return ED visit
and hospitalization or therapeutic procedure for a
related event.

Current Study. In this reanalysis, we blinded our-
selves to the initial assessments in the database and
determined only cardiac-related outcomes based on set
criteria. This included sudden death, MI (defined as any
elevation of troponin or ECG change with an accompa-
nying diagnosis of MI on the discharge diagnosis), any
arrhythmia captured on monitoring and thought to
have had a temporal relationship to the syncopal event,
and any structural heart disease (primarily valvular)
thought to have caused the event. We also considered
any acute cardiac intervention such as pacemaker inser-
tion and cardiac catheterization as important cardiac
outcomes.

All ECGs classified as abnormal by the study criteria
were collected. We used the official cardiology reading
to determine the following specific findings on the
ECG: rhythm abnormalities on the ECG (ventricular
tachycardia, heart block, paced, SVT), presence of right
branch bundle block (RBBB), left branch bundle block
(LBBB), ST-segment changes, nonspecific ST-T wave
changes, interval variants (PR, QT), presence of ectopy,
and presence of Q-waves. We also reanalyzed the spe-
cific rhythm findings obtained during the separate
rhythm assessment.

Data Analysis

We completed univariate chi-square analysis on the
specific rhythm and ECG findings to determine impor-
tant relationships for determining cardiac outcomes.
Where appropriate we also combined related variables
to determine significance and considered them for
entry into a direct multivariate logistic regression
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model based on statistical significance of p < 0.2. When
variables were combined or clinically related (for exam-
ple isolated LBBB vs. any LBBB or nonsinus on ECG
vs. nonsinus from any source) we used the most signifi-
cant variable for entry. Forty outcomes would allow
sufficient power to consider up to four variables in our
multivariate model.’” The Hosmer-Lemeshow good-
ness-of-fit test was used to determine the model fit.
Data were entered into an Access database (Microsoft
Corp., Redmond, WA) and analyzed using SPSS version
18 (SPSS Inc., Chicago, IL)

RESULTS

A total of 684 consecutive patients were considered
during the study period and represented 1.4% of the
ED volume. Of the 684 patients, 634 had an ECG and
rhythm analysis completed by an attending physician,
and 10 had no ECG but a rhythm analysis documented.
It was determined that 42 patients (6%) suffered cardiac
outcomes, each of whom had both an ECG and a
rhythm assessment. Of the 644 patients with ECG crite-
ria, 218 were classified as having positive criteria, with
216 ECGs available for further analysis. Characteristics
of all patients, those with abnormal ECGs and those
with cardiac outcomes are outlined in Table 1.

The abnormal ECG criteria predicted 36 of the 42
patients with cardiac outcomes, giving a sensitivity of
86%, a specificity of 70%, and a negative predictive
value of 99% (see Table 2 for confidence intervals [CIs]).
Of the six patients not predicted by the criteria, three
were diagnosed with non-Q-wave MI, one of whom
died during cardiac catheterization. All were felt to
have ECGs that were unchanged from previous
readings. One had an exacerbation of CHF resulting
in eventual death during hospitalization with an
unchanged ECG on ED evaluation, and two were felt to
have completely normal ECGs but were subsequently
diagnosed with SVT.

Considering specific ECG findings, isolated LBBB, or
any LBBB partial or complete, were associated with
serious cardiac outcomes. The presence of Q-waves,
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Table 2
Sensitivity and Specificity of SFSR ECG Criteria for Detecting
Cardiac Outcomes

Criteria Positive Criteria Negative

Cardiac outcome 36 6
No cardiac outcome 180 422
Total 216 428

Sensitivity = 86% (95% Cl =71% to 94%); specificity = 70%
(95% Cl = 66% to 74%); negative predictive value = 99% (95%
Cl = 97% to 99%); LR positive = 2.9 (95% Cl = 2.4 to 3.4); LR
negative = 0.2 (95% Cl = 0.1 to 0.4).

ECG = electrocardiogram; LR = likelihood ratio; SFSR = San
Francisco Syncope Rule.

On separate rhythm assessment (using all ED informa-
tion including monitoring), a significantly greater num-
ber of patients were found to have nonsinus rhythms
compared to the rhythm assessment using only the ECG
reading (72% vs. 34%, p = 0.001), and this rhythm vari-
able was significant on univariate analysis (Table 3). On
the multivariate logistic regression analysis, the Hos-
mer-Lemeshow goodness-of-fit statistic was not signifi-
cant (p = 0.86), indicating that the model prediction did
not significantly differ from the observed. Only two vari-
ables met criteria for entry: any nonsinus rhythm from
any source and any left bundle conduction problem
(any LBBB, left anterior fascicular block, left posterior
fascicular block, or QRS widening), which were 2.8 and
3.2 times more likely, respectively, associated with
significant cardiac outcomes (see Table 4 for Cls).

DISCUSSION

An ECG is currently recommended in almost all
patients with syncope, as it is consistently the most

Table 3
Univariate Analysis of Specific ECG and Rhythm Findings

RBBB, ST-segment changes, and sinus rhythm were not.
Cardiac No Cardiac
Outcome Outcome
Finding (n = 36) (n =180) p-value
Table 1 ECG
Clinical and Demographic Characteristics Isolated complete LBBB 5 (14) 7 (4) 0.03
Any LBBB 15 (42) 49 (27) 0.01
. RBBB 4(11) 16 (9) 0.68
Abnormal Cardiac Q-waves 7 (19) 36 (20) 0.94
All ECG Criteria  Outcomes Ventricul t 4(11) 16 (9) 0.67
(N = 684) (n = 216) (n = 42) entricutar ectopy :
Sinus on ECG only 23 (64) 133 (74) 0.19
Mean age (yr) 62.1 (+23) 72.5 (£17) 78.6 (£9.5) ST segment changes 4 (11) 11 (6) 0.23
Female 402 (58.9) 201 (48.6) 17 (40.1) Rhythm
Admitted 376 (54.9) 165 (76) 41 (98) Sinus 7 (19) 67 (37) 0.04
Mean admission 1.6 (£2.4) 2.2 (£3) 4.9 (£4.2) SVT 1(3) 1(0.1) 0.20
length (days) Bradyarrhythmia 9 (25) 45 (25) 1.0
7-day serious 79 (11.5) 49 (23) PVC 2 (6) 5(3) 0.58
outcomes Other 17 (47) 61 (34) 0.13
Cardiac outcomes 42 (6.1) 36 (17) Any nonsinus 29 (81) 113 (63) 0.04
Arrhythmia 30 (4.4) 28 (13)
Ischemic 9(1.3) 6 (2.8) Values are reported as n (%)
Structural 3(0.4) 1(0.1) ECG = electrocardiogram; LBBB = left branch bundle block;
PVC = premature ventricular contraction; RBBB = right
Values are given as n (%) or mean (+SD). branch bundle block; SVT = supraventricular tachycardia.
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Table 4
Multivariate Analysis of Important ECG and Rhythm Findings

Adjusted OR 95% ClI
Any LBBB 3.2 1.4-6.9
Any nonsinus rhythm 2.8 1.1-6.8

ECG = electrocardiogram; LBBB = left branch bundle block.

important risk stratification tool as recommended by
most society guidelines.’®'® In this study we deter-
mined the sensitivity and specificity of the SFSR ECG
criteria when considering cardiac outcomes in patients
with syncope and determined that the likelihood of a
significant cardiac outcome in a patient with normal
SFSR ECG criteria was very low. We further defined
specific ECG findings for patients with abnormal ECGs
and found nonsinus rhythms any time during an ED
evaluation and left bundle branch conduction problems
on ECG to be important specific ECG findings.

Almost every study attempting to risk stratify patients
with syncope has found the ECG to be an important
predictor for adverse events.>%121320 Haowever, there
has been no agreement on what an abnormal ECG is in
the setting of syncope. Definitions for significant ECG
findings are generally long descriptions often defined
by consensus specialty groups. Furthermore, there is
no evidence regarding whether these findings can be
determined and applied by physicians evaluating these
patients at the bedside.'® In one of the initial risk strati-
fication studies by Martin et al.,'? their definition was
broad. They acknowledged that ventricular arrhyth-
mias, bradycardia associated with symptoms, atrial-
ventricular (AV) blocks (Mobitz II and complete heart
block), and pacemaker malfunction were considered
significant. However, ectopic beats, brief SVT, and
atrial dysrhythmias were not considered abnormal,
unless the patient was symptomatic. They excluded any
nonspecific ST-T wave abnormalities as being signifi-
cant. This definition was significantly different from that
used by Colivicchi et al.?® in their risk stratification.
Their definition included any rhythm abnormalities, sig-
nificant AV blocks, significant bundle branch blocks,
right or left ventricular hypertrophy, left axis deviation,
old MI, or any ST segment or ST-T wave abnormalities
possibly consistent with myocardial ischemia. In the
EGSYS trial, the definition of an abnormal ECG was
comprehensive but nonspecific, including evaluation of
the 12-lead ECG, as well as cardiac monitoring, electro-
physiology studies, and ECG stress testing.*

When determining variables for the SFSR we kept a
simple, broad, nonspecific definition that was subjective
but tested for physician agreement for both the ECG
findings and the rhythm assessment. The subsequent
combining of the rhythm finding into the ECG criteria
has seemed to confuse people. Many have failed to
understand the origin of the rhythm assessment and in
simplifying the rule have assumed the rhythm criteria
applies only to one ECG and not all sources, as it was
derived.’® This had led to difficulty applying the criteria
and validating our findings.”’ In the first external
validation of the SFSR, Sun et al.’® note in their
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limitations that they did not follow the ECG definition
used in the SFSR, instead using a separate non-vali-
dated criteria “any rhythm other than sinus, any bundle
branch block, left-axis deviation, mono- or biventricular
hypertrophy, any abnormal conduction interval except
for first degree atrioventricular block, any Q/ST/T
change consistent with ischemia (acute or chronic), or
isolated, nonspecific ST/T abnormalities.” In a separate
validation study by Birnbaum et al,” the cardiology
overread of ECGs was used when applying the criteria
and appeared to ignore any monitoring abnormalities
when applying the rhythm criteria. In a recently pub-
lished study, a group from the University of Ottawa
looked at the sensitivity of the SFSR with and without
the use of monitoring findings when defining rhythm
abnormalities.®. When using the same ECG criteria as
the initial SFSR studies, they were able to externally
validate the results with the same sensitivity.® In this
study, we showed that over half of abnormal rhythms
will be missed if only one ECG during the ED visit is
used as the only source for rhythm determination.

LIMITATIONS

This was an observational cohort study that did not
mandate care or specific standardized testing including
monitoring in the ED. There were a significant number
of cases where the ECG showed sinus rhythm, but in
those same 216 patients, the number with a sinus
rhythm decreased substantially when all sources were
used to determine the rhythm (Table 3). So while we
cannot make recommendations on who should be mon-
itored or for how long, it is clear that when monitoring
occurs, the findings should not be ignored.

Another limitation in this and the original derivation
study for the SFSR was that some of the predictor vari-
ables could have been defined as outcomes. For exam-
ple, if a patient had an “arrhythmia thought to cause
the event” (one of the outcome definitions), it could
have been the same arrhythmia that was seen on the
initial ECG. We also only reviewed specific changes in
those ECGs that were considered abnormal, and it is
possible that some of the ECGs meeting “normal” crite-
ria had some old changes that may have been impor-
tant. However, that would have pertained to only four
such ECGs, and including all other normal ECGs with-
out outcomes in our analysis would have yielded little
information but added background noise to our analy-
sis. Finally, we may not have considered all specific
findings that could have been important, such as right
or left ventricular hypertrophy.

CONCLUSIONS

There are many factors that go into evaluating the patient
with syncope. ECG and rhythm findings from all sources
(multiple ECGs and rhythm strips) are important. The
ECG criteria from the San Francisco Syncope Rules are
relatively simple and if used correctly can predict which
patients are at risk of cardiac outcomes. Furthermore,
any left branch bundle block conduction problems or any
nonsinus rhythms found during the ED evaluation of
patients with syncope should be particularly concerning.
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