
GENERAL CLINICAL INVESTIGATION/ORIGINAL CONTRIBUTION 

Risk Stratification of Patients With Syncope 

From the University of Pittsburgh, 
Pittsburgh, Pennsylvania. 

Received for publication 
January 29, 1996. Revisions received 
June 27 and September 30, 1996. 
Accepted for publication 
October i8, 1996. 

Supported in part by a grant from the 
National Heart, Lung, and Blood 
Institute (ROI HL36735). Dr Kapoor 
is a recipient of a Research Career 
Development Award from the 
National Heart, Lung, and Blood 
Institute (KO4L 01899). 

Copyright © by the American College 
of Emergency Physicians. 

Thomas P Martin, MD 

Barbara H Hanusa, PhD 

Wishwa N Kapoor, MD, MPH 

See related editorial, p 540. 

Study objective: To develop and validate a risk classification 
system for patients presenting to emergency departments with 
syncope. 

Methods: Two prospective studies were carried out at a large 
urban teaching hospital ED. One cohort of 252 patients with syn- 
cope who reported to the ED was used to develop the risk classi- 
fication system; a second cohort of 374 patients with syncope was 
used to validate the system. Data from the patient's history, physi- 
cal examination, and ED ECG were used to identify predictors of 
arrhythmias or mortality within the first year. Arrhythmias were 
detected by cardiac monitoring or electrophysiologic studies. 
Logistic regression and Cox proportional hazards models were 
used to identify the important risk factors for the classification 
system. Performance of the system was measured by comparing 
the proportion of patients with arrhythmias or death at various 
levels of the risk and receiver operating characteristic curves. 

Results: Multivariate predictors of arrhythmia or 1-year mortality 
were an abnormal ED ECG (odds ratio [OR], 3.2; 95% confidence 
interval [CI], 1.6 to 6.4); history of ventricular arrhythmia (OR, 4.8; 
95% CI, 1.7 to 13.9); history of congestive heart failure (OR, 3.1; 
95% CI, 1.3 to 7.4); and age greater than 45 years (OR, 3.2; 95% 
CI, 1.3 to 8.1). Arrhythmias or death within 1 year occurred in 7.3% 
(derivation cohort) to 4.4% (validation cohort) of patients without 
any risk factors and in 80.4% (derivation) to 57.6% (validation) of 
patients with three or four risk factors. 

Conclusion: Historical and EGG factors available at the time 
of presentation can be used to stratify risk of arrhythmias or mor- 
tality within 1 year in ED patients presenting with syncope. 

[Martin TP, Hanusa BH, Kapoor WN: Risk stratification of patients 
with syncope. Ann Emerg Med April 1997;29:459-466.] 
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INTRODUCTION 

Syncope is a common medical problem accounting for 1% 
to 6% of medical admissions and up to 3% of emergency 
department visits. 1-5 This symptom is often difficult to eval- 
uate because of a broad differential diagnosis and the low 
yield of many diagnostic studies. 1-5 Further, patients present- 
ing with syncope represent a heterogeneous population with 
respect to demographic and clinical characteristics. In 
patients with a definite cause of syncope, management de- 
pends on the cause identified. However, because the cause 
frequently is not certain when the patient is seen in the ED, 
hospital admission is often necessary. A major reason for 
admission in syncope patients is concern about arrhythmias 
and sudden death. Identification of patients who are at low 
risk for arrhythmias and sudden death could help ED per- 
sonnel make informed decisions about safe discharges for 
outpatient diagnostic evaluation and treatment. 

The primary goals of this study were (1) to identify pre- 
dictors of arrhythmias and mortality within the first year 
for patients presenting to the ED with syncope and (2) to 
develop and validate clinical prediction rules that can be 
used to separate ED patients into low- and high-risk groups. 

METHODS 

Syncope was defined as a sudden transient loss of conscious- 
ness associated with an inability to maintain postural tone 
that was not compatible with a seizure disorder, vertigo, 
dizziness (lightheadedness without loss of consciousness), 
coma, shock, or other states of altered consciousness. 
Patients must have regained consciousness spontaneously; 
those who required pharmacologic or electrical treatment 
at initial presentation were excluded. 

Two cohorts of patients with syncope were evaluated 
and followed prospectively. One group (derivation cohort) 
was enrolled between March 1981 and February 1984; the 
second group (validation cohort) was enrolled between 
August 1987 and February 1991. The study methodology 
for the two cohorts was similar. Patients were accrued from 
an exhaustive search at the University of Pittsburgh Medical 
Center ED, a teaching, tertiary and primary care hospital- 
associated department that had an average annual census 
of 36,000 visits during the study periods. Patients presenting 
to the ED with symptoms possibly compatible with syncope 
were identified from daily review of ED visits and contacted. 
If these patients met the criteria for having had a syncopal 
episode, they were asked to participate in this study. 

There were two differences between the protocols for 
patients in the two cohorts. First, in the validation cohort, 
end points in addition to mortality and arrhythmias were 

collected, including stroke and myocardial infarction. Sec- 
ond, patients in the validation cohort underwent additional 
diagnostic testing systematically for orthostatic hypotension 
and psychiatric disorders. A few patients in the validation 
cohort underwent tilt-table testing when it became avail- 
able in late 1980s. 

All patients enrolled in the study underwent a standard- 
ized assessment. Patients were interviewed and previous 
medical charts were reviewed. Assessment consisted of a 
complete history and physical examination; a baseline lab- 
oratory evaluation including a complete blood count, uri- 
nalysis, electrolytes, blood urea nitrogen, creatinine, and 
glucose; a 12-lead ECG; prolonged ECG monitoring of at 
least 24 hours' duration, by either ambulatory Holter mon- 
itoring or bedside monitoring in a CCU; and definitive eval- 
uation of any clinical or historical findings suggestive of a 
cause of syncope. For example, cerebral angiography was 
required to establish a diagnosis of subclavian steal when 
clinical findings compatible with that entity were present. 
Other diagnostic studies, such as EEG, head computed to- 
mography scans, and glucose tolerance tests were not rou- 
tinely performed because previous studies have documented 
a low yield for these tests. >5 These studies were used selec- 
tively for consideration of specific diagnoses based on data 
from the initial history, physical examination, and ECG. 
Electrophysiologic studies were performed at the discretion 
of the patient's attending physician or on the recommen- 
dation of a consulting cardiologist. Upright tilt testing was 
not available for the derivation cohort and during the devel- 
opmental phases in the validation cohort; therefore, few 
patients underwent tilt testing. 

Patients were monitored by their personal physicians. 
Follow-up information regarding recurrence of syncope, 
new cardiovascular events, subsequent diagnoses of signifi- 
cant arrhythmias, and mortality were obtained from patients, 
their personal physicians, family, or caregivers. Follow-up 
information was obtained at 3-month intervals for 3 years. 
All attempts were made to obtain records of subsequent 
evaluations, hospital admissions, and other events. 

A cause of death was assigned on the basis of information 
obtained from the family, patients' physicians, records from 
the Bureau of Vital Statistics, and autopsy reports if available. 
Death was classified as sudden or nonsudden by specific 
criteria. 6 Sudden death was defined as unexpected death 
occurring within 1 hour after onset of acute symptoms. 
Death was also classified as sudden if it occurred in a person 
known to be alive and functioning in his or her usual health 
within 24 hours of an unwitnessed death. This category in- 
cluded patients who were found dead or died during sleep. 
In addition, deaths were classified as sudden if unexpected 
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cardiac arrest occurred and resuscitation was successful 
but the cardiac arrest initiated a chain of events that led to 
death. 

Causes of syncope were assigned based on strict adher- 
ence to previously reported diagnostic criteria. 4 

ECG reports and tracings (from ED ECG, Holter monitor- 
ing, or bedside ECG monitoring in the CCU) were reviewed 
for identification and verification of arrhythmias. Two def- 
initions of clinically important arrhythmias were considered. 
It was not required that these arrhythmias were the cause 
of the syncope. 

A broad definition, designed to be inclusive, included 
the following: ventricular tachycardia (VT) of three or more 
beats; sinus pauses of 2 seconds or longer and those pauses 
that were symptomatic; symptomatic sinus bradycardia 
("symptomatic" for the purposes of this study refers to the 
simultaneous occurrence of dizziness, lightheadedness, or 

Table 1. 
Demographic and clinical characteristics of derivation and 
validation cohorts. 

Derivation Cohort Validation Cohort 
Characteristic (n=252) 1n=374) 

Age (years) 
Mean 57.3 56.1 
Range 15-90 18-94 
No. >45 (%} 183 (73) 262 (70} 
No. female (%) 139 (55) 199 (53) 
No. nonwhite (%)* 63 (25) 79 (21) 
No. with prior syncoi0~e (%) 
Any previous episode 157 (62) 19T (55) 
>1 Episode in preceding year 107 (42) 92* (26) 
No. with comorbid cnnditions (%) 
High blood pressure 77 (31) 121 (32) 
Diabetes mellitus 33 (13) 37 (10) 
Ventricular arrhythmias 32 (13) 10 (3) 
Coronary artery disease 71 (28) 72 (19) 
Congestive heart failure 42 (171 34 (9) 
Cerebravascular disease 34 (14) 37 (10) 
ECG results (%) 
Normal 70 (28) 154 {41 ) 
NST only 44 (18} 32 (9) 
Abnormal ~ 138 (55) 188 (50) 

Conduction disorders 68 (27) 104 (28) 
01d myocardial infarction 40 (16) 36 (10) 
Ventricular hypertrophy u 29 (12) 30 (8) 
Rhythm abnormalities 30 (12) 29 (8) 
Other 25 (10) 22 (6} 

NST, nonspecific ST- and T- wave abnormalities. 
*Patients in the derivation cohort were either white or black; in the validation cohort there were 
four patients of Asian/Pacif c Islander ancestry 
tOnly 356 patients had data available for this variable. 
*Only 360 patients had data available for this variable. 
~Some patients had mare than one abnormality. 
t/Oee patient in the derivation cohort and five patients in the validation cohort had right ventricu- 
lar hypertrophy; the remainder had left ventricular hypertrophy, 

syncope and an arrhythmia on ECG monitoring); supra- 
ventricular tachycardia (SVT) with symptoms or associated 
with hypotension (systolic blood pressure less than 90 mm 
Hg); atrial fibrtllation with slow ventricular response (RR 
interval longer than 3 seconds); complete atrioventricular 
block; Mobitz II atrioventricular block; and evidence of 
pacemaker malfunction. Isolated, asymptomatic premature 
ventricular contractions (PVCs), couplets, asymptomatic 
premature atrial contractions, brief asymptomatic runs of 
SVT, chronic atrial fibrillation, and atrial flutter were not 
included in our definition of arrhythmias unless they were 
associated with symptoms (dizziness, lightheadedness, or 
syncope). 

In addition, findings at the time of e]ectrophysiologic 
studies of prolonged corrected sinus node recovery time; 
inducible, sustained monomorphic VT; HV intervals longer 
than i00 msec; symptomatic SVT or SVT associated with 
hypotension; and carotid sinus hypersensitivity were also 
considered evidence for clinically important arrhythmias. 

Table 2. 
Clinically important arrhythmias iden@ed in study populations 
in the year @er presentation. 

Characteristic 

No. in No. in 
Derivation Cohort Validation Cohort 

(%) [n=252] (%) [n=374] 

Any arrhythmia 
Broad definition* 65 (26) 49 (13} 
Strict definition 43 (17) 29 (8) 
Ventricular tachycardia 
Broad definition ~ 41 (16) 32 (9) 
Strict definition* 15 (6) 10 (3) 
Sinus pause 
Broad definition (_>2.0 seconds) 13 (5) 9 (2) 
Strict definition (_>3.8 seconds) 5 (2) 2 (.5) 
Pacemaker malfunction 6 (2) 5 (1) 
Sinus bradycardia with symptoms 6 (2) 4 (1) 
Atrioventricular block ~ 6" (2) 7 (2) 
Supraventricular tachycardia 4 (2) 3 (1) 

with symptoms 
Atrial fibrillation with 111 (,4) 1 # (.3) 

slow ventricular response 
*Seven patients in the derivation cohort and 11 patients in the validation cohort had more than 

. one arrhythmia. 
qn the derivation cohort, diagnosis in one patient was made on the basis of electrophysiologic 
findings only and three by E0S findings only; in the validation cohort, diagnosis was made in 
two patients by electrophysielogic findings any and one by EOG findings only. 
*Strict definition: duration >lg0 beats or >30 sec, or with symptoms. 
~lncludes complete heart block, Mobitz II on ECG, and prolonged ECG monitoring. 
UFive patients had complete heart block on Hotter, I had Mobitz II, seven had complete heart 
block on prolonged ECG monitoring. 
~Atrial fibrillation with pauses ef 4.5 sac; also prolonged HV interval on electrophysialogic 
studies. 
#Atrial fibrillation with pauses of 3 seconds. 
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The strict definition for clinically important arrhythmias 
included symptomatic or sustained VT (duration longer 
than 30 seconds or 100 beats), symptomatic SVT, symp- 
tomatic bradycardia, pauses of longer than 3.0 seconds, atrial 
fibrillation with slow ventdcular response (RR interval longer 
than 3.0 seconds), complete atrioventricular block, Mobitz 
II atrioventricular block, and pacemaker malfunction. The 
electrophysiologic abnormalities defined previously were 
maintained. 

Results are reported for all-cause mortality and, in a more 
focused analysis, for cardiac causes of mortality. Cardiac 
mortality included deaths resulting from atherosclerotic 
heart disease (eg, myocardial infarction, coronary artery 
disease); myocardial, pericardial, or valvular heart disease; 
congestive heart failure (CHF); congenital heart disease; 
restrictive cardiomyopathy; and cardiac arrhythmias. All 
sudden deaths were classified as cardiac deaths. 

Potential predictor variables included demographic infor- 
mation (ie, age, sex, race), comorbid conditions, history of 
prior syncope, and ED ECGs. This information was obtain- 
able from the patients or from medical records at the time 
of presentation for the index episode. The comorbid con- 
ditions considered were current or past history of high 
blood pressure, diabetes mellitus, cerebrovascular disease, 
coronary artery disease, CHE or ventricular arrhythmias 
(VA). VA included past history of frequent (more than 10 
per hour), repetitive (two or more consecutive), or multi- 
focal PVCs. 

ED ECGs were classified into three groups: normal (in- 
cluding patients with only sinus bradycardia or sinus tachy- 
cardia); nonspecific ST- and T-wave abnormalities (NST) 
for patients with NST as the only abnormality; and abnor- 
mal. The abnormal group included rhythm abnormalities 
(eg, atrial fibrillation or flutter, multifocal atrial tachycardia, 

junctional or paced rhythms); frequent or repetitive PVCs 
(including VT), conduction disorders (ie, left axis deviation, 
bundle branch block, intraventricular conduction delay), 
left or right ventricular hypertrophy (LVH or RVH), short 
PR interval (less than. 10 see), old myocardial infarction, and 
atrioventricular block (ie, complete atrioventricular block, 
Mobitz II, or Mobitz I with other abnormalities present). 

Univariate predictors of clinically important arrhythmias 
were identified using X 2 analysis for categorical data and 
Student's t test for continuous data. Univariate predictors 
of death within 1 year of study enrollment were identified 
with Kaplan-Meier methods and the Wilcoxon statistics. 
Those variables with probability values lower than. 10 were 
entered m a multivariate logistic regression model to identify 
predictors of important arrhythmias and in a Cox propor- 
tional hazards model to identify multivariate predictors of 
1-year mortality. 

After multivariate models were identified for each study 
end point, a joint logistic regression model was developed 
by using the multivariate predictors of either arrhythmias 
or death in the first year. For this model, death in the first 
year was coded as "yes" or "no." Significant multivariate 
predictors were then identified as risks for arrhythmias or 
death. 

Predictors identified by the final logistic regression model 
were used to define a risk index for either arrhythmias or 
mortality within 1 year based on the number of risk factors 
present. The usefulness of the risk index was measured by 
comparing the proportion of death or arrhythmias across 
the risk index in the derivation and validation cohorts. In 
addition, its usefulness for identifying patients with the more 
strictly defined arrhythmias or cardiac deaths was measured. 
Performance of the risk index in all analyses was also eval- 
uated by comparison of areas under receiver operating 

Table 3. 
Significant multivariate predictors of arrhythmias and death within 1 yea~* 

Broad-Definition Arrhythmias 
Combined Arrhythmias 

Mortality or Mortality 

Predictor OR 95% CI RR 95% CI OR 95% CI 

Abnormal ECG 2.5 1.1-5.6 3,5 1.3-9.6 3.2 1.6-6.4 
History ef ventricular arrhythmia 5.4 2.1-14.2 1.0 .4-2.3 4.8 1,7-13.9 
History of congestive heart failure 2.5 1.03-5.9 2.6 1.3-4.9 3.1 1.3-7.4 
Age >45 years 2.8 1.00-7,8 3.3 .7-15.0 3.2 1.3-8,1 

Nonwhite race 2.7 1.1-6.7 . . . .  
- -  2.0 1.03-3,8 - -  - -  No prior history of syncope 

*Logistic regression models result in OR estimates, and Oex proportional hazards models result in RR estimates. OR compares the odds of occurrence of an event when a risk factor is present with the 
odds of occurrence when the risk factor is not present. RR compares the proportion of those with a risk factor who have an event to the proportion of those without the risk factor who have the event. If 
the occurrence of the event is rare, the RR is estimated by the OR. The 95% CI of the OR or RR is shown in each instance. 
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characteristic (ROC) curves. BMDP Statistical Software r was 
used for logistic regression and survival analyses; ROCFIT 
software s was used for the ROC analysis. 

RESULTS 

In the derivation cohort, 253 paLients with syncope pre- 
sented to the ED. One patient did not have an ED ECG, leav- 
ing 252 patients in the derivation cohort. In the validation 
cohort, 378 patients were seen in the ED, and 4 did not have 
an ED ECG, leaving 374 patients in the validation cohort. 
No patients in the derivation cohort were Iost to follow-up 
at 1 year; three patients (.8%) in the validation cohort were 
lost to follow-up in the first year. 

As shown in Table 1, patients in the derivation cohort 
had greater cardiac comorbidity (ie, more coronary artery 
disease, CHE and history of VA) and were less likely to have 
a nolmal ED ECG (P<.01 for all comparisons). A larger pro- 
portion of patients in the derivation cohort had had more 
than one episode of syncope within the last year. Results 
from ED ECGs indicated that the most frequent abnormal- 
ities in both cohorts were conduction disorders, old myocar- 
dial infarction, and LVH or RVH. 

In the derivation cohort, there were 65 patients with 
arrhythmias (broad definition) and 39 deaths within the 
first year. Descriptions of the arrhythmias are presented in 
Table 2. Significant univariate predictors of arrhyhmias were 
an abnormal ECG, male sex, age greater than 45 years, non- 
white race, hist0~y of CHE history of myocardial infarction, 
and history of VA. As displayed in Table 3, multivariate pre- 
dictors of arrhythmia were an abnormal ECG, history of 
VA, history of CHE age greater than 45 years, and nonwhite 
race. 

Univariate predictors of death in the first year were ab- 
normal ECG, NST on ECG, LVH on ECG, age greater than 
45 years, history of CHE history of VA, and having no prior 
history of syncope. LVH on ECG was not included in the 
multivariate modeling because it was a type of abnormality 
on the ECG. As displayed in Table 3, the multivariate pre- 
dictors of death were an abnormal ECG, history of CHE 
age greater than 45 years, and having no prior history of 
syncope. 

The combined multivariate model for arrhythmia or 
death showed four significant factors (Table 3). These in- 
cluded an abnormal ECG, age greater than 45 years, history 
of VA, and history of CHE The odds ratios of these factors 
ranged from 3.1 to 4.8, but, for simplicity, they were treated 
as equivalent in the identification of risk groups. Four groups 
were identified, defined by the number of risk factors pre- 
sent (none, one, two, and three or four). The validation 

cohort had a smaller proportion of patients with three or 
four risk factors than the derivation cohort (P=.007). 

In the derivation cohort, the incidence of arrhythmias 
(broad definition) identified in the first year ranged from 
5.5% in patients with no risk factors to 63.0% in patients 
with three or four risk factors (Figure, A). In the validation 
cohort, the model identified similar proportions of patients 
with arrhythmias in each risk group, ranging from 3.3% 
in those patients with no risk factors to 45.5% in patients 
with three or four risk factors. 

When the more strict definition of arrhythmia was em- 
ployed, rates of arrhythmias decreased in all risk categories 
(Figure, B). However, in both the derivation and validation 
cohorts, the proportion of patients with arrhythmias in- 
creased as the number of risk factors increased. There were 
1.8% and 0% in the lowest risk group and 43.5% to 18.2% 
in the highest risk group of the derivation and validation 
cohorts, respectively. 

One-year mortality rates in the derivation cohort ranged 
from 1.8% in patients with no risk factors to 37.0% in 
patients with three or four risk factors (Figure, C). In the 
validation cohort, mortality ranged from 1.1% in the lowest 
risk category to 27.3% in patients with three or four risk 
factors. When only cardiac causes of mortality were con- 
sidered (Figure, D), mortality rates decreased in all risk 
groups. Cardiac mortality rates ranged from 0% to 28.3% 
in the derivation cohort and from 0% to 15.1% in the valida- 
tion cohort. 

Figure part E displays the number of arrhythmias (broad 
definition) and deaths in the first year in the derivation and 
validation cohorts. In the derivation cohort, these ranged 
from 7.3% in patients with no risk factors to 80.4% in 
patients with three or four risk factors. In the validation 
cohort, they ranged from 4.4% in the lowest risk category 
to 57.6% in patients with three or four risk factors. When 
only strict-definition arrhythmias or cardiac causes of mortal- 
ity were considered (Figure, F), the rates ranged from 1.8% 

Table 4. 
Distribution of patients across rfsl~ strata. 

No. From No. From 
No. of Derivation Cohort Validation Cohort 
Risk Factors (%) [n=252] (%) [n=374] 

0 55 (22] 91 (24) 
T 63 (25) 108 (29) 
2 88 (35) 142 (38} 
3 or 4 46 (18) 33 {9) 

APRIL 1997 29:4 AENALS OF EMERGENCY MEDICINE 48 3 



R I S K  S T R A T I F I C A T I O N  
Martfn, Hanusa & Kapoor 

Figure.  
Performance of the syncope risk classification system. Graphs show the proportion of patients at each number of risk 
factors who A, had broadly defined cardiac arrhythmias; B, strictly defined cardiac arrhythmias; C, died within a 
year of the enrolling episode; D, died of a cardiac cause in the year @er the enrolling episode; E, had broadly 
defined arrhythmias or died within the first year; and F, had strictly d@ned arrhythmias or died of a cardiac cause 
in the first year. 
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to 52.2% in the derivation cohort and from 0% to 27.3% 
in the validation cohort. 

Areas under the ROC curves range from .77 to .83 for 
the derivation cohort and from .73 to .80 for the validation 
cohort. All 12 ROC curves had areas significantly greater 
than .5. There were no significant differences in areas under 
the ROC curves in any comparison between derivation and 
validation cohorts; probability values ranged from .2 to .8. 

DISCUSSION 

This study showed that information available at the time 
of presentation to the ED can be used to stratify the risk of 
arrhythmias and death within 1 year in patients with syn- 
cope. We found four factors useful for risk stratification: age 
greater than 45 years, history of VA, history of CHE and 
abnormal ECG. Our model performed well whether a 
broadly inclusiw, definition of arrhythmias or a strict defi- 
nition was used. Furthermore, when only cardiac death 
was considered, the mortality rates in the lower-risk strata 
approached zero. 

Our results apply to patients presenting with syncope 
to an ED. The proportions of patients with cardiac syncope 
(31% in the derivation cohort and 17% in the validation 
cohort) in this study were similar to or higher than those 
reported in unselected populations in other studies (approxi- 
mately 16%). >3 Studies of syncope patients referred to 
electrophysiology practices report a higher proportion of 
patients with cardiac syncope (arrhythmias) 9-I6; our results 
may not be entirely applicable to these selected populations. 

Syq~cope is often difficult to evaluate in the ED. Patients 
are usually free of symptoms when they are seen after an 
episode, and the clinical assessment and initial ECG may 
be unremarkable. If a cause of syncope can be determined 
on the basis of initial clinical assessment (eg, symptomatic 
orthostatic hypotension), management decisions are rela- 
tively straightforward. However, in approximately 60% of 
patients a cause is not apparent on initial history, physical 
examination, and ECGJ Under these circumstances, the 
focus of evaluation is directed toward finding serious and 
life-threatening arrhythmias that may be inapparent on ini- 
tiaI clinical assessment. The concerns for arrhythmias and 
sudden death frequently lead to hospital admission and 
performance of many diagnostic tests. 

There are no published studies of stratification of risk 
of arrhythmias and death in patients with syncope using 
clinical and ECG data available at the time of initial presen- 
tation. Studies of risk stratification are important in devising 
more cost-effective management strategies for subgroups of 
patients. Previous prognostic studies of syncope have iden- 

tiffed high-risk causes, mainly cardiac causes >5, as being 
associated with high risk of mortality and sudden death. Al- 
though these studies have been important for determining 
prognosis, they are not applicable to patients presenting 
to the ED, because assignment of a cause of syncope often 
requires extensive diagnostic testing that cannot be per- 
formed in the ED. 

The factors used in risk stratification in this study are 
consistent with those reported in previous clinical and epi- 
demiologic studies of risk of arrhythmias and mortality in 
patients with syncope. A recent study showed that syncope 
in patients with left ventricular dysfunction was associated 
with a particularly poor prognosis. 17 In addition, studies 
of the natural history of CHF showed 5-year survival rates 
of 25% in men and 38% in women is, clearly identifying 
this condition as a determinant of poor outcome. The history 
of CHF undoubtedly represented left ventricular dysfunction 
in most of our patients. Previous studies have correlated 
both a risk of sudden death and inducibility of sustained 
monomorphic VT at the time of electrophysiologic studies 
with left ventricular dysfunction in patients presenting with 
syncope. 9-st 

Our finding that a history of VA identified patients at risk 
for arrhythmias and death is consistent with results of studies 
documenting higher rates of sudden death and all-cause 
mortality in syncope patients with VT. 11,12,14,19 It is also 
clinically plausible that a history of VA in a patient with syn- 
cope implies a high likefihood that VT was the cause of 
patient's symptoms. 

Other studies have shown that negative predictors of ab- 
normal electrophysiologic studies are the absence of struc- 
tural heart disease and normal ECG. 15,16 These findings 
are consistent with our results, which showed CHF and 
abnormal ECG to be predictors of arrhythmias. An abnormal 
resting ECG may serve as a marker for underlying structural 
heart disease, explaining its correlation with mortality and 
arrhythmias. 

Finally, although no previous study has identified age 
alone as an independent risk factor for adverse outcome 
after a syncopal episode, data from the Framingham Heart 
Study documented increasing rates of sudden death in males 
as age increased, after controlling for cardiac risk factors. ~8 
Further, age may serve as a marker for the presence of 
comorbid disease processes that may affect the likelihood 
of arrhythmias and mortality 

We acknowledge several limitations of this study First, 
the derivation and validation phases of the study were per- 
formed at a single institution which serves as a tertiary 
referral center for a large patient population. The general- 
izability of our findings needs to be tested in other clinical 
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settings. Second, electrophysiologic testing was not per- 
formed in a large fraction of patients. Although we might 
have diagnosed more arrhythmias by wider use of electro- 
physiologic testing, our findings that structural heart dis- 
ease, particularly CHE and abnormal ECG are predictors 
of arrhythmias probably would not have changed, because 
previous studies have shown these to be predictors of ab- 
normal electrophysiologic results. 15,16 Similarly, wider use 
of tilt testing would not have altered the results of our study, 
because patients with positive tilt-test results are at low risk 
for arrhythmias and death. 12,2°-22 
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