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ABSTRACT

Background: Determining the appropriate disposition of

emergency department (ED) syncope patients is challenging.

Previously developed decision tools have poor diagnostic

test characteristics and methodological flaws in their deriva-

tion that preclude their use. We sought to develop a scale to

risk-stratify adult ED syncope patients at risk for serious

adverse events (SAEs) within 30 days.

Methods: We conducted a medical record review to include

syncope patients age $ 16 years and excluded patients with

ongoing altered mental status, alcohol or illicit drug use,

seizure, head injury leading to loss of consciousness, or

severe trauma requiring admission. We collected 105

predictor variables (demographics, event characteristics,

comorbidities, medications, vital signs, clinical examination

findings, emergency medical services and ED electrocardio-

gram/monitor characteristics, investigations, and disposition

variables) and information on the occurrence of predefined

SAEs. Univariate and multiple logistic regression analyses

were performed.

Results: Among 505 enrolled patient visits, 49 (9.7%) suffered

an SAE. Predictors of SAE and their resulting point scores

were as follows: age $ 75 years (1), shortness of breath (2),

lowest ED systolic blood pressure , 80 mm Hg (2), Ottawa

Electrocardiographic Criteria present (2), and blood urea

nitrogen . 15 mmol/L (3). The final score calculated by

addition of the individual scores for each variable (range 0–

10) was found to accurately stratify patients into low risk

(score , 1, 0% SAE risk), moderate risk (score 1, 3.7% SAE

risk), or high risk (score . 1, $ 10% SAE risk).

Conclusion: We derived a risk scale that accurately predicts

SAEs within 30 days in ED syncope patients. If validated, this

will be a potentially useful clinical decision tool for

emergency physicians, may allow judicious use of health

care resources, and may improve patient care and safety.

RÉSUMÉ

Contexte: Il n’est pas facile de décider correctement du sort

des patients examinés au service des urgences (SU) pour des

syncopes. Il existe des outils d’aide à la décision, mais leurs

piètres caractéristiques quant à la valeur diagnostique et des

vices de méthodologie empêchent leur utilisation dans la

conception de nouveaux instruments. Aussi avons-nous

tenté d’élaborer une échelle d’évaluation du risque d’événe-

ments indésirables graves (EIG) au bout de 30 jours, chez les

patients examinés au SU pour des syncopes.

Méthode: L’étude consistait en un examen des dossiers

médicaux de patients âgés de 16 ans et plus et tombant en

syncope, à l’exclusion de ceux atteints d’un problème de

santé mentale continu, faisant usage d’alcool ou de drogues

illicites, souffrant de crises épileptiques, ayant subi un

trauma crânien qui a provoqué une perte de connaissance

ou un trauma suffisamment grave pour nécessiter l’hospita-

lisation. Ont été recueillis des données sur 105 variables

prévisionnelles (données démographiques, caractéristiques

des événements, maladies concomitantes, médicaments,

signes vitaux, résultats des examens cliniques, services

médicaux d’urgence et caractéristiques de l’électrocardio-

graphie ou du monitorage au SU, exploration et variables

relatives au sort des patients) ainsi que des renseignements

sur la survenue d’EIG prédéterminés. Des analyses de

régression logistiques uni- et multidimensionnelles ont été

réalisées par la suite.
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Résultats: Sur 505 patients participants, 49 (9.7%) ont subi un

EIG. Les facteurs prévisionnels d’EIG et la notation en points

qui en a résulté se sont établis comme suit: âge $ 75 ans, 1;

essoufflement, 2; pression systolique la plus basse enregis-

trée au SU , 80 mm Hg, 2; présence des critères électro-

cardiographiques d’Ottawa, 2; azote uréique du sang .

15 mmol/L, 3. Le résultat final obtenu par l’addition des résultats

individuels, enregistrés pour chacune des variables (plage: 0–

10) s’est révélé juste et il permet de classer correctement les

patients dans les catégories suivantes: risque faible (point , 1;

risque d’EIG 5 0%), risque modéré (point 5 1; risque d’EIG 5

3.7%), et risque élevé (point . 1; risque d’EIG $ 10%).

Conclusions: Nous avons élaboré une échelle d’évaluation

du risque qui permet de prévoir avec justesse la survenue

d’EIG, au bout de 30 jours, chez les patients examinés au SU

pour des syncopes. Si l’échelle est validée, il s’agira d’un

outil d’aide à la décision clinique qui pourra se révéler utile

aux urgentologues, qui permettra une utilisation judicieuse

des ressources en soins de santé et qui pourra améliorer les

soins aux patients, de même que leur sécurité.

Keywords: emergency department, risk scale, serious

adverse event, syncope

Syncope is defined as a sudden transient loss of
consciousness followed by spontaneous complete
recovery.1 Syncope is a common emergency depart-
ment (ED) presentation and accounts for 1 to 3% of
ED visits and 2% of hospital admissions from the ED.
Among ED syncope patients, 7 to 23% will suffer a
serious adverse event (SAE) within 7 to 30 days of their
visit.2–10 These include death, arrhythmia, myocardial
infarction, diagnosis of serious underlying structural
heart disease, or procedural interventions to treat the
cause of the syncopal event.2,3,5–11

The decision to perform a diagnostic workup in the
ED for patients with syncope or admit them for
evaluation is an important consideration given the
current crowding of EDs and widespread shortage of
hospital beds.12 In Canada, 87.7% of syncope patients
are discharged from the ED, 2.7% of whom suffer an
SAE. It has been found that the current ED approach
to syncope in Canada fails to predict 30% of SAEs,
including 67% of deaths that occur after ED disposi-
tion.13 These findings underscore the need for a clinical
decision tool. Several previous attempts have been
made to develop tools for predicting short-term SAEs
in ED syncope patients.2,8,10,14,15 All the instruments
arising from these efforts have either not been
validated or have performed poorly on external
validation.4–6,15 Most such instruments, if applied in
the Canadian setting, will likely substantially increase
admission rates.4

In addition, many previous decision instruments
have been limited by an imprecise definition of the
‘‘abnormal electrocardiogram (ECG)’’ variable, result-
ing in a reduction in specificity. As a result, risk
stratification and the disposition of syncope patients
remain challenges for emergency physicians.16–18

The purpose of this study was to derive a syncope
risk scale that would risk-stratify adult ED syncope

patients as high (need admission), moderate (need
urgent follow-up within 2 weeks), or low (can be
discharged with no further follow-up) risk for SAEs
within 30 days.

METHODS

Study design and setting

We conducted a medical record review of consecutive
adult ED patients with syncope at The Ottawa
Hospital Civic Campus, an academic adult tertiary
care ED. This urban ED has 60,000 patient visits
annually and is staffed by emergency physicians
certified in emergency medicine by either the Royal
College of Physicians and Surgeons of Canada or the
College of Family Physicians of Canada. We included
patients presenting with syncope over an 18-month
period from August 2005 to January 2007. The
hospital Research Ethics Board approved the protocol
and determined that consent was not required.

Study population

We identified potentially eligible patient visits within
the patient care information system at the Civic
Campus of The Ottawa Hospital, which is part of
the Canadian National Ambulatory Care Reporting
System (NACRS). We used the search terms ‘‘syn-
cope,’’ ‘‘presyncope,’’ ‘‘fainting,’’ ‘‘blackout,’’ ‘‘loss
of consciousness,’’ ‘‘fall,’’ ‘‘collapse,’’ ‘‘seizure,’’ and
‘‘lightheadedness’’ in the chief complaint and primary
or secondary discharge diagnosis fields to identify
charts for further review. We included patients $ 16
years of age who presented with syncope (defined as
sudden transient loss of consciousness with prompt,
spontaneous, and complete recovery). We excluded
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patients who were not from the greater Ottawa area,
those with a recorded duration of loss of consciousness
. 5 minutes, and those who had a change in mental
status from baseline on regaining consciousness, a
definite seizure, alcohol- or illicit drug–related loss of
consciousness, or head or other significant trauma. The
principal investigator (V.T.) assessed the eligibility of
screened patients without knowledge of their outcome
status. We excluded patients with presyncope because
we found it very difficult to retrospectively differentiate
presyncope from the symptoms of ‘‘dizziness’’ or
‘‘weakness.’’ We used a consecutive sampling method
to select potentially eligible records for review. We
included both patients who were admitted to the
hospital and patients who were discharged from the ED.

Study protocol and data abstraction

We defined an index visit as the first ED visit during
the study period and any additional visit 30 days after
the first visit. Any ED visit within 30 days of an index
visit was defined as a return visit. We included all
patient visits during the study period because the risk
of an adverse outcome may vary with each visit. We
used patient visits as the unit of analysis.

Variables for investigation were selected based on
published literature, a previously conducted systematic
review, professional society guidelines, and recom-
mendations by a committee that included two cardiol-
ogists with significant syncope research experience, four
emergency physicians, and a methodology expert.1,2,17,19,20

The principal investigator (V.T.) and a trained research
assistant blinded to the patient outcomes collected
patient demographics, event characteristics, comorbid-
ities, vital signs, physical examination findings, ambu-
lance ECG strip, ED ECG characteristics, ambulance
and ED cardiac monitor abnormalities, results of
investigations, and disposition from photocopies of
patients’ prehospital, nursing, and physician medical
records. In the event of a discrepancy between the
various documents, the physicians’ record was con-
sidered accurate. The research assistant abstracted the
first 10% of charts under the direct supervision of the
principal investigator. All data that were subsequently
abstracted by the research assistant were reviewed by
the principal investigator during twice-weekly meet-
ings. In total, we abstracted 105 predictor variables
(2 demographic, 5 event characteristics, 11 comorbid-
ities, 1 pre-ED medication, 24 vital signs, 5 clinical

examinations, 19 emergency medical services ECG
strip and 21 ED ECG/monitor characteristics,
16 investigations, and 1 disposition), comprising 62
categorical and 43 continuous variables (Appendix 1
and Appendix 2). We designed and piloted standard-
ized data abstraction forms prior to the study launch.
The form also included the provision to document
any unavailable predictor variables. Details of the ECG
and cardiac monitoring characteristics abstracted are
described elsewhere.21

Data were entered into an SAS-based data collection
interface (SAS Institute, Cary, NC) specifically designed
for the study. The interface included built-in range and
logic checks, and the accuracy of data collection and
entry was monitored through regular reports.

Outcome measures and outcomes assessment

We defined an SAE as occurrence of any of the following
within 30 days of the index visit: death, myocardial
infarction, arrhythmia, pulmonary embolism, stroke,
subarachnoid hemorrhage, significant bleeding, any
procedural intervention to treat a cause of syncope, any
condition causing or likely to cause a return ED visit, or
hospitalization for a related event (Table 1).

We previously reported that approximately 37% of
SAEs occur between 8 and 30 days after the index visit.13

Because it is difficult to arrange follow-up within 7 days
in most health care settings in Canada, we chose 30 days
as the duration of follow-up for SAEs. We reviewed ED,
outpatient clinic, and inpatient admission records from
all adult hospitals in the study region to assess for SAE
occurrence within 30 days. We also reviewed death
records from all adult hospitals in the study region and
the provincial coroner’s office. We collected both the
time and location of occurrence of an SAE. All SAEs
were confirmed by two emergency physicians, at least
one of whom was blinded to the predictor variables. In
cases of disagreement, a third blinded emergency
physician adjudicated the outcome. We obtained
additional ethics approval from all the local adult
hospitals and the provincial coroner’s office for this
component of the data collection.

Data analysis

We used SAS version 9.1 for the statistical analysis.
We assessed the interobserver agreement for inclusion
in the study and selected predictor variables using the
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Cohen unweighted kappa coefficient. Categorical data
were reported as percent frequency of occurrence and
continuous variables as means with standard devia-
tions. Univariate analysis (chi-square test with con-
tinuity correction or Fisher exact test for nominal
variables and unpaired two-tailed t-test using separate
or pooled variance estimates as appropriate for
continuous variables) was used to compare predictor
variables among groups with and without SAEs.

Continuous variables identified as significant by
univariate analysis were further categorized using the
most discriminative cutpoints.

We derived the final model using multivariate logistic
regression with stepwise fitting of predictor variables
that were significant on univariate analysis (p , 0.05).
We developed a syncope risk scale by rounding the
lowest likelihood ratio b coefficients to one and
multiplying the other coefficients by the same factor
and rounding them to the nearest whole number.22 We
evaluated interactions among predictor variables using
Mantel-Haenszel and model procedures. We also
applied the Hosmer-Lemeshow goodness-of-fit test.23

Sample size was determined based on the precision
of the sensitivity of the scale to be derived and the
bound on the error of the precision estimate (the width
of the 95% confidence interval [CI]). This is a standard
technique used in sample size calculation for decision
rule studies.24 We determined a priori that a sample of
502 patient visits with 50 SAEs would be required.

RESULTS

During the study period, 915 potentially eligible
patient visits were screened and 530 (57.9%) met
inclusion criteria. Twenty-five visits (2.7%) could not
be included; 13 involved the patient leaving the ED
before assessment by the emergency physician, and for
12, treatment records could not be located. Thus, a
total of 505 patient visits (55.2% of those screened) by
490 patients were included in the study.

Table 2 shows the demographic and clinical
characteristics, management, and outcomes, including
the occurrence and types of SAEs in the study patients.
Blood tests were not performed in 11% of visits, and
ECG was not performed in 7%. The patients who did
not have these tests performed differed from those who
did in that they were younger (mean age 35 years v.
60 years), healthier (proportion with coronary heart
disease 3% v. 21% and proportion with arrhythmia 3%
v. 12%), and more likely to have suffered vasovagal
syncope (49% v. 25%). There were 49 (9.7%) SAEs, 27
(5.4%) of which occurred after ED disposition (either
as an inpatient or outside the hospital). The SAEs
include five deaths (two in the ED, one as an inpatient,
and two outside the hospital).

We evaluated the univariate association between
predictor variables and the occurrence of an SAE
(Table 3) and found 6 categorical and 11 continuous

Table 1. List of serious adverse events and their definitions

a) Death: death from any cause. Confirmation of death within 30

days was done by review of records in all local adult hospitals

and records from the provincial coroner’s office.

b) Myocardial infarction: defined as an elevation in troponin or

electrocardiogram changes consistent with ischemia/infarction

and with an accompanying diagnosis of myocardial infarction. It

must have been confirmed by the emergency physician or

cardiology service or the most responsible physician in the

patient’s chart.

c) Arrhythmia: specific rhythm abnormality listed below, captured

on monitoring thought to have a temporal relationship to the

symptom or that required treatment. Rhythm abnormalities

include sinus pause $ 3 seconds, symptomatic sinus

bradycardia # 35 beats/min, symptomatic supraventricular

tachycardia, atrial fibrillation with slow ventricular response (RR

interval . 3 seconds), Mobitz type II second-degree heart

block, complete heart block, symptomatic or sustained ($ 30

seconds) ventricular tachycardia, and pacemaker malfunction.

d) Pulmonary embolism: diagnosis made by ventilation-perfusion

(V̇/Q̇) scan, computed tomographic scan of the chest, or

pulmonary angiogram. If the V̇/Q̇ scan is very low probability,

then the patient is considered not to have suffered an SAE. If

the V̇/Q̇ scan was of low or moderate probability and the patient

received or was considered for treatment, then we classified

the case as a pulmonary embolism.

e) Stroke: defined by presence of a persistent neurologic deficit

with symptoms temporally related to the syncope episode

f) Subarachnoid hemorrhage: confirmed by computed

tomography/magnetic resonance imaging of the brain with or

without spinal fluid analysis by lumbar puncture

g) Significant hemorrhage: defined as a detected source of

bleeding requiring transfusion

h) Any procedural intervention to treat a related cause of syncope:

any patient who underwent an acute procedural intervention

and would have caused him/her to return if he/she had been

discharged was considered to have an SAE. Monitoring of

patients, medication changes, and rehydration were not

considered to be acute interventions.

i) Any condition causing or likely to cause a return emergency

visit: patients with return visits within 30 days of the index

syncope visit who were admitted or experienced any of the

above outcomes during the return visit were considered to have

had an SAE. If the return visit was related but the patients were

discharged without admission or the above outcomes, then

they were classified as not having suffered an SAE.

j) Hospitalization for a related event within 30 days: defined as

hospitalization for syncope or any other related symptom within

30 days of the index syncope visit

SAE 5 serious adverse event.
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variables that were significantly associated with SAEs.
We further analyzed the 11 continuous variables by
using various cutoffs and found six variables that met
the criteria for multivariate analysis (age $ 75 years,
diastolic blood pressure [BP] , 50 mm Hg on arrival,
lowest ED systolic BPs , 80 mm Hg, lowest ED
diastolic BPs , 50 mm Hg, blood urea nitrogen
[BUN] . 15 mmol/L, and creatinine . 160 mmol/L).

We performed univariate analysis and recursive
partitioning of ED ECG and cardiac monitor-
ing variables to derive the previously published
Ottawa Electrocardiographic Criteria (Figure 1).21

The interobserver agreements for inclusion into the
study and for the two predictor variables (history of
shortness of breath and history of congestive heart
failure) have also been previously reported.4

We conducted multivariate analysis using logistic
regression with stepwise selection incorporating the 12
predictor variables that were significant on univariate
analysis (p , 0.05) and the Ottawa Electrocardiographic
Criteria variable. Based on the above-mentioned char-
acteristics of patients with missing predictor variables,
we assumed that the condition was absent for categorical
variables and the values were normal for continuous
variables. The final model with b coefficients and odds
ratios with 95% CI for the components is provided in
Table 4. It included five clinically important variables:
age $ 75 years, shortness of breath, lowest ED systolic
BP , 80 mm Hg, the presence of the Ottawa
Electrocardiographic Criteria, and BUN . 15 mmol/L.
There was no evidence of interaction among the
covariates, and the model showed good fit (Hosmer-
Lemeshow x2 statistic 0.3852).

Figure 1 shows the derived Syncope Risk Scale,
including scores for the five selected variables and risk
probabilities based on the value of the final score. The
potential total score for patients ranges from 0 to 10, and
based on our findings, patients can be classified as either
low (score 5 0), moderate (score 5 1), or high (score
$ 1) risk. Figure 2 shows a receiver operating character-
istic curve for the Syncope Risk Scale and illustrates an
area under the curve of 0.87 (95% CI 0.84–0.93).

The classification performance of the risk scale for
each final score threshold and the expected admission
rates if moderate-risk patients were chosen to be
admitted versus not admitted is provided in Table 5.
There were no patients in the study with a total score of
9 or 10. The characteristics of the three patients who
fulfilled the moderate-risk criteria with a final score of 1
were two patients who were discharged from the ED
after the index visit (one returned with general weakness
on the fourth day and was admitted for social reasons,
and the second patient returned 30 days later with a
subcortical stroke) and a third patient with an ECG
showing nonspecific ST-T wave changes who underwent
pacemaker insertion for recurrent unexplained syncope.

DISCUSSION

We developed a scale for risk stratification of ED syncope
patients into low, moderate, or high risk for SAEs.

Table 2. Characteristics, management, and outcomes for
study patients (N 5 505)

Characteristic Patient visits, n (%)

Demographics

Mean age, yr, (SD) 58.5 (23)

Female 254 (50.3)

Medical history

Congestive heart failure 30 (5.9)

Coronary artery disease 99 (19.6)

Arrhythmia 58 (11.5)

Valvular heart disease 14 (2.8)

Diabetes 65 (12.9)

Hypertension 174 (34.5)

Investigations

Bloodwork performed 448 (88.7)

Electrocardiogram performed 470 (93.1)

CT of head performed 123 (24.4)

Disposition and outcomes

Admitted to hospital 62 (12.3)

Serious adverse event (SAE) 49 (9.7)

While in the ED* 22 (4.4)

After hospital admission* 17 (3.4)

Outside the hospital* 10 (2.0)

Type of SAE (some patients had . 1)

Death 5 (1)

Arrhythmias 21 (4.2)

Myocardial infarction 1 (0.2)

Significant hemorrhage3 8 (16)

Pulmonary embolism 4 (0.8)

Stroke 1 (0.2)

Conditions likely to cause a return

visit4
2 (0.4)

Hospitalization for related event 5 (1)

Procedural interventions done1 31 (6.1)

CT 5 computed tomography; ED 5 emergency department.

*For a list of SAEs, see Table 3.
3All significant hemorrhage was due to upper gastrointestinal bleeding.
4Includes two patients, one with a brain tumour detected in the ED and another with

sepsis detected while the patient was admitted as an inpatient.
1Conditions include pacemaker insertion, gastrointestinal endoscopy with or without

epinephrine injection or laser treatment, chest tube insertion, cardioversion, dialysis for

hyperkalemia, brain biopsy, and thoracoscopic surgery.
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The components of the scale can be easily remem-
bered by the mnemonic BASES (BUN . 15 mmol/L,
Age $ 75 years, Shortness of breath, ECG/monitor with
Ottawa Electrocardiographic Criteria, lowest emergency

department Systolic BP , 80 mm Hg), with 3 points for
the blood test, 1 for the age, and 2 for each of the
remaining variables. The variables can be easily obtained
from syncope patients during their ED assessment, and

Table 3. Univariate analysis of predictor variables and serious adverse events

Variable SAE (n 5 49) No SAE (n 5 456) p value

Demographics*

Mean age, yr (SD) 74.5 (14.6) 56.8 (22.5) , 0.0001

History of present illness

No prodrome34 (n 5 48, 455) 13 123 0.86

History of exertional syncope3 2 26 0.64

History of palpitations3 2 14 0.70

History of shortness of breath (n 5 49, 454) 12 42 0.0044

Past medical history

History of congestive heart failure 8 22 0.0012

History of coronary artery disease 17 82 0.0051

History of arrhythmia 13 45 0.0005

History of diabetes 11 54 0.04

History of hypertension 24 150 0.02

Triage vital signs (SD)*

Mean oxygen saturation (n 5 42, 384) 96.1 (4.3) 98.2 (2.0) , 0.0001

Mean systolic blood pressure (n 5 49, 453)3 120.0 (28.9) 127.3 (23.0) 0.09

Mean diastolic blood pressure (n 5 48, 437) 67.5 (16.8) 72.8 (12.7) 0.04

Lowest ED blood pressure (SD)*

Lowest mean systolic pressure (n 5 49, 453) 103 (28.9) 119.3 (20.9) , 0.0001

Lowest mean diastolic pressure (n 5 48, 447) 60.2 (16.0) 67.3 (13.9) 0.001

Physical examination findings (n 5 49, 454)

Rales/crackles 11 26 , 0.0001

Decreased air entry 8 14 , 0.0001

Blood tests*

Hemoglobin g/L (n 5 49, 387) 123.4 (27.9) 136.8 (16.6) , 0.0001

Hematocrit (n 5 49, 387) 0.37 (0.08) 0.40 (0.05) , 0.0001

Potassium (n 5 48, 371) 4.1 (0.5) 3.9 (0.5) , 0.0001

Blood urea nitrogen (n 5 49, 376) 13.1 (9.7) 6.2 (3.7) , 0.0001

Creatinine (n 5 49, 375) 136.7 (97.7) 96.0 (38.5) , 0.0001

Troponin T (n 5 24, 157) 0.04 (0.05) 0.02 (0.02) 0.02

Correlation of continuous variables with discriminative cutpoints

Age $ 75 yr 29 137 , 0.0001

SaO2 on arrival , 90%3 (n 5 42, 384) 12 74 0.14

Diastolic BP on arrival , 50 mm Hg (n 5 48, 437) 10 33 0.0017

Lowest ED systolic BP , 80 mm Hg (n 5 49, 453) 13 7 , 0.0001

Lowest ED diastolic BP , 50 mm Hg (n 5 48, 447) 15 44 , 0.0001

Hemoglobin , 100 g/L3 8 76 0.95

Hematocrit , .3003 8 76 0.95

Potassium . 5 mmol/L3 1 6 0.68

Blood urea nitrogen . 15 mmol/L 15 11 , 0.0001

Creatinine . 160 mmol/L 13 15 , 0.0001

Troponin T $ 99th percentile3 (n 5 24, 157) 24 158 0.05

Troponin T $ MI level3 (n 5 24, 157) 2 4 0.05

BP 5 blood pressure; ED 5 emergency department; MI 5 myocardial infarction; SAE 5 serious adverse event; SaO2 5 arterial oxygen saturation.

*Variables were compared using t-test. Chi-square was used for analysis of the remainder of the predictor variables.
3Variables not found to be significantly associated with SAEs.
4Nausea, vomiting, dizziness, visual disturbances, or sweating.
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Table 4. Independent predictors of serious adverse events on logistic regression analysis

Variable b coefficient SE p value Odds ratio

95% CI

Lower Upper

Age $ 75 yr 0.36 0.18 0.0496 2.06 1.00 4.24

History of shortness of breath 0.65 0.22 0.0025 3.69 1.58 8.60

Lowest ED systolic BP , 80 mm Hg 0.72 0.22 0.0012 4.26 1.77 10.26

ECG with Ottawa Electrocardiographic Criteria 0.82 0.18 , 0.0001 5.18 2.53 10.56

Blood urea nitrogen . 15 mmol/L 1.05 0.26 , 0.0001 8.12 2.96 22.28

Intercept 20.30

Hosmer-Lemeshow goodness of fit 0.3852

BP blood pressure; ECG 5 electrocardiogram; ED 5 emergency department; SE 5 standard error.

Figure 1. The Syncope Risk Scale.
ECG 5 electrocardiographic; ED 5

emergency department.
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the scale does not require computational aids for final
score calculation. The scale showed excellent classifica-
tion performance, with detection of all SAEs at a
projected admission rate that we feel would be acceptable
in most countries.

Age has been shown to be an important predictor of
SAEs.2,19,25–27 Shortness of breath has been found to be
an important variable in both our study and the San
Francisco Syncope Rule (SFSR) study, and in our
study, it was a marker of underlying life-threatening
conditions such as pulmonary embolism or massive
pleural effusion. We found that patients with systolic
BP , 80 mm Hg during the ED stay typically had
ongoing gastrointestinal bleeding or sepsis. We found
the mean triage systolic BP variable not to be
significant between the groups with and without
SAEs but the variable triage systolic BP , 90 mm
Hg to be significant on univariate analysis. The
variable lowest ED systolic BP , 80 mm Hg was a
better predictor of SAEs than triage systolic BP
, 90 mm Hg. Our study is the first to report the

association of serum BUN levels and SAEs in ED
syncope patients. One previously reported study found
that syncope patients in the setting of chronic
bifascicular block and associated renal dysfunction
have increased mortality than those without renal
dysfunction.28 Patients with renal dysfunction may be
at higher risk for arrhythmias (either because of uremia
or associated electrolyte abnormalities), bleeding, or
death (due to comorbidities).

Five previous studies have attempted to develop risk
stratification tools to predict short-term SAE risk in
adult ED syncope patients. The SFSR study was the first
tool to be derived and internally validated but performed
poorly on a test of external validation and would
significantly increase admission rates if implemented in
the Canadian setting.4 The Boston Syncope Criteria
were a compilation of 25 plausible variables, and the
researchers did not apply any multivariate modeling.
The criteria are neither practical nor easy to use and have
not been externally validated.10 The Short-Term
Prognosis in Syncope Study found an abnormal ECG,
concomitant trauma, absence of prodromal symptoms,
and male sex to be associated with SAEs within 10 days.14

The classification performance of this tool was not
reported, and the tool has not been validated. The
Syncope Risk Score was derived to predict SAEs within
30 days in older ($ 60 years) syncope patients and hence
can be applied only to patients $ 60 years old and has
not been validated.15 The ROSE (Risk Stratification of
Syncope in the Emergency Department) rule predicts
only 1-month all-cause mortality and requires that
serum brain or B-type natriuretic peptide be obtained,
a test that is not available in many Canadian EDs.8

Our study is the first to incorporate a previously
derived abnormal ECG variable into the risk stratification

Table 5. Classification performance and expected admission rates for derived scale scores

Score Number of patient visits Outcomes Sensitivity Specificity Probability of SAE Estimated admission rate (%)*

0 236 0 1.000 0.590 0

1 81 3 0.939 0.689 0.037 46.7

2 80 8 0.776 0.846 0.100 37.2

3 56 12 0.531 0.943 0.214

4 19 7 0.388 0.969 0.368

5 14 6 0.265 0.987 0.429

6 7 5 0.163 0.991 0.714

7 7 5 0.061 0.996 0.714

8 5 3 0.000 1.000 0.600

SAE 5 serious adverse event.

*Estimated admission rate if the threshold was greater than or equal to the specific point total (e.g., admission rate of 37.2% at a total point threshold $ 2).

Figure 2. Receiver operating characteristic curve for the
Syncope Risk Scale.
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tool. We conducted this study by strictly adhering to
previously reported methodological standards for medical
records review.29–32 We also conducted the study in
keeping with the methodological standards for clinical
decision rules.33–35

Our study does have potential limitations. As with
any study involving medical record review, data may be
missing, data could be misinterpreted by extractors, or
outcome assessments may be incomplete. We
attempted to reduce the risk of bias in patient selection
and the abstraction process through adhering to
methodological standards for medical record review
studies.29–32 We only included patients with a local
address to maximize outcome assessment and excluded
presyncope patients to avoid contamination. Very few
patients had important clinical and investigation
variables missing, but such patients were low risk for
SAEs; hence, we believe it is reasonable for us to
assume, when necessary, these variables to be absent or
normal. Although we did not assess interobserver
reliability for all the extracted variables, we did assess
interobserver reliability for the most important vari-
ables. Because of the small sample size, there were no
patients with a score of 9 or 10, and the risk probability
for a score of 8 is lower than that for a score of 7. The
scale requires prospective validation before use in
clinical practice.

In our study, 53% of patients fulfilled the criteria for
low risk and suffered no SAEs within 30 days. If
validated, this scale has the potential to standardize
care of syncope patients, reduce unnecessary admis-
sions, and reduce morbidity and mortality outside the
hospital. Validation of this scale will clarify if
moderate-risk patients are suitable for urgent out-
patient follow-up without the need for hospital
admission.

CONCLUSION

We derived a risk scale that accurately predicts SAEs
within 30 days in ED syncope patients. This scale
stratifies ED syncope patients as low (can be discharged
home), moderate (need urgent follow-up), or high (need
admission) risk. If validated, it will be a potentially
useful clinical decision tool for emergency physicians,
may allow judicious use of health care resources, and
may improve patient care and safety.
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Appendix 1. List of predictor variables abstracted

Demographics and variables related to the event: age; sex;

prodromal symptoms (presence of any symptom including

nausea, vomiting, dizziness, pain, hot, cold, cough, urination,

visual disturbances, sweating, shortness of breath, palpitations,

incontinence or neurologic symptoms [tingling, numbness] prior to

loss of consciousness); association with exertion; palpitations at

any time; history of paroxysmal nocturnal dyspnea, or orthopnea

Variables from medical history: history of congestive heart failure,

coronary artery disease, arrhythmias (atrial or ventricular),

cardiomyopathy, valvular heart disease, hypertension, diabetes,

cerebrovascular accident, transient ischemic attack or peripheral

arterial disease; past syncopal episodes; and medications taken by

the patient (diuretics, antiarrhythmics, digoxin, direct vasodilators,

nitrates, sublingual nitroglycerine) just before the syncopal

episode, b-blockers, a-blockers, combined a/b-blockers, and

calcium channel blockers

Variables from prehospital evaluation/treatment: the first, the last,

and the lowest blood pressure readings recorded by emergency

medical services personnel; 12-lead ECG characteristics (the

same list of characteristics from ED ECG listed in Appendix 2

except QRS and QTc duration); and any ambulance monitor

abnormalities—those that are not evident in the 12-lead ECG

Variables from examination: pulse rate, oxygen saturation,

respiratory rate, and blood pressure (both systolic and diastolic) at

triage and prior to leaving the ED; lowest blood pressure in the

serial measurements taken in the ED; postural blood pressure

readings—supine, sitting, standing; cardiorespiratory findings

(murmur, rales, wheezes, or reduced air entry to the lungs); and

evidence of congestive heart failure

Variables from ED ECG: listed in previously published Ottawa

Electrocardiographic Criteria study and shown in Appendix 2

Variables from investigations: laboratory values—lowest values of

hemoglobin and hematocrit; most extreme values of sodium,

potassium, chloride, glucose, calcium, ionized calcium, and

magnesium; and highest values of urea, creatinine, creatine

kinase, and troponin. New/clinically important abnormalities in the

computed tomogram of head, if done (new and clinically important

abnormalities were defined as the abnormality detected is the

cause of syncope or is a consequence of syncope itself or the fall

associated with the syncope; all chronic findings are classified as

nonsignificant)

Disposition variables abstracted: data about the disposition of the

patient was also collected from the ED record of treatment (i.e.,

admission or discharge or death in the ED)

ECG 5 electrcardiogram; ED 5 emergency department.

Appendix 2. List of specific ECG predictor variables and ED
cardiac monitor abnormalities abstracted for deriving the
Ottawa Electrocardiographic Criteria from the patients
included in the study

a. Rhythm (sinus or nonsinus; if nonsinus specifically, if it is

supraventricular tachycardia, multifocal atrial tachycardia, atrial

fibrillation or flutter, ventricular tachycardia [sustained or

nonsustained], ventricular fibrillation, junctional or

idioventricular rhythm)

b. Presence of atrioventricular block and its type if present;

paroxysmal atrial contractions or paroxysmal ventricular

contractions and their frequencies; presence of

intraventricular conduction delay, right bundle branch block,

left bundle branch block, or left anterior/posterior fascicular

block

c. Presence of left ventricular hypertrophy, right ventricular

hypertrophy, left axis deviation, right axis deviation, old

myocardial infarction, ST segment and T wave changes

consistent with ischemia and if present, whether they are

new, secondary ST-T wave changes (defined as ST-T wave

changes that are not consistent with ischemia but secondary

to causes such as medications, electrolyte imbalances,

conduction defects, arrhythmias or pulmonary disease),

repolarization abnormalities or nonspecific ST-T wave changes

(defined as ST-T wave changes that are not consistent with

ischemia or secondary ST-T wave changes)

d. Rate,

e. QRS duration in milliseconds, and

f. Corrected QT interval (QTc) in milliseconds

g. ED cardiac monitor with sinus pauses, symptomatic

arrhythmias, or any of the above abnormalities

ECG 5 electrcardiogram; ED 5 emergency department.
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