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Background: The Canadian Syncope Risk Score (CSRS) was
developed to predict 30-day serious outcomes not evident
during emergency department (ED) evaluation.

Objective: To externally validate the CSRS and compare it
with another validated score, the Osservatorio Epidemiologico
della Sincope nel Lazio (OESIL) score.

Design: Prospective cohort study.

Setting: Large, international, multicenter study recruiting
patients in EDs in 8 countries on 3 continents.

Participants: Patients with syncope aged 40 years or older
presenting to the ED within 12 hours of syncope.

Measurements: Composite outcome of serious clinical plus
procedural events (primary outcome) and the primary com-
posite outcome excluding procedural interventions (second-
ary outcome).

Results: Among 2283 patients with a mean age of 68 years, the
primary composite outcome occurred in 7.2%, and the compos-
ite outcome excluding procedural interventions occurred in 3.1%
at 30 days. Prognostic performance of the CSRS was good for
both 30-day composite outcomes and better compared with the
OESIL score (area under the receiver-operating characteristic
curve [AUC], 0.85 [95% ClI, 0.83 to 0.88] vs. 0.74 [Cl, 0.71 to
0.78] and 0.80 [Cl, 0.75 to 0.84] vs. 0.69 [Cl, 0.64 to 0.75],
respectively). Safety of triage, as measured by the frequency of

the primary composite outcome in the low-risk group, was higher
using the CSRS (19 of 1388 [0.6%]) versus the OESIL score (17 of
1104 [1.5%]). A simplified model including only the clinician clas-
sification of syncope (cardiac syncope, vasovagal syncope, or
other) variable at ED discharge—a component of the CSRS—
achieved similar discrimination as the CSRS (AUC, 0.83 [CI, 0.80
to 0.87] for the primary composite outcome).

Limitation: Unable to disentangle the influence of other CSRS
components on clinician classification of syncope at ED discharge.

Conclusion: This international external validation of the CSRS
showed good performance in identifying patients at low risk for
serious outcomes outside of Canada and superior performance
compared with the OESIL score. However, clinician classification
of syncope at ED discharge seems to explain much of the per-
formance of the CSRS in this study. The clinical utility of the CSRS
remains uncertain.
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Most causes of syncope are benign, but some, partic-
ularly cardiac causes, may be life-threatening (1, 2).
Distinguishing patients at low risk for adverse events
from patients at high risk during evaluation in the emer-
gency department (ED) is challenging, especially in older
patients, because the incidence of cardiac syncope and
its associated serious adverse outcomes increases with
age (3-5). In 3% to 5% of patients presenting to the ED
with syncope, the serious condition that caused syncope
will be detected only after ED disposition (1, 2, 6, 7). In
the absence of accurate risk stratification, this uncertainty
leads to hospitalization in up to 80% of patients, with
associated costs exceeding $2.4 billion in the United
States annually (1, 2, 7, 8).

Several risk scores have been developed to help in
the triage of patients with syncope. Some focus on medi-
cal history, clinical variables, and the electrocardiogram
(ECG) (9-11), whereas others additionally require labora-
tory tests (12-14). However, none of the previously devel-
oped scores have been widely adopted in clinical practice
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(1, 2). Reasons for this include modest sample size, subop-
timal performance, controversy on what outcomes to pre-
dict, and lack of external validation (15-17). The Canadian
Syncope Risk Score (CSRS) was developed to predict
a composite of serious clinical plus procedural events at
30 days not evident during ED evaluation (7). Although ini-
tial national validation showed high prognostic accuracy, 2
small validation studies found only moderate performance
(6, 18, 19). By including the final clinician classification of
syncope in the ED (cardiac, vasovagal, or other), the CSRS
is not meant for early triage purposes but as a decision
tool after completed ED assessment. The primary aim is to
help in the identification of patients at low risk for 30-day se-
rious outcomes in whom hospitalization, which is associated
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with low diagnostic yield and high costs, can be avoided
(1,2).

Overall, the performance and clinical utility of the
CSRS in patients with syncope presenting to the ED in
countries outside of Canada is largely unknown. In addi-
tion, itis unknown how well the CSRS predicts a compos-
ite of only serious clinical outcomes rather than the
previously used composite that also included procedural
interventions. No comparison of performance has been
made between the CSRS and another validated prog-
nostic syncope risk score—for example, the Osservatorio
Epidemiologico della Sincope nel Lazio (OESIL) score
(10). Furthermore, it is unknown whether the CSRS also
allows for the prediction of serious outcomes beyond 30
days. We aimed to address these gaps in knowledge
and validate the CSRS in a large, international, multicen-
ter study.

METHODS
Study Design, Setting, and Population

The BASEL IX (BAsel Syncope Evaluation) study
(ClinicalTrials.gov: NCT01548352) is a prospective, interna-
tional, multicenter study enrolling patients aged 40 years
or older presenting to the ED with syncope within the past
12 hours in 14 hospitals across 8 countries (United States,
Switzerland, Spain, Germany, ltaly, Poland, New Zealand,
and Australia). Patients were recruited immediately after
ED presentation, thereby ensuring unselected recruitment
regardless of the later triage decision regarding admission
versus outpatient management.

Patients with a nonsyncopal loss of consciousness
(for example, fall, presyncope, stroke, epilepsy, or intoxi-
cation) and patients with a missing 12-lead ECG were
excluded from the analysis. In line with the original deri-
vation of the CSRS, patients with an adverse event or indi-
cation for a procedural intervention that was part of the
composite end point, identified during or immediately
before the index ED evaluation, were also excluded from
the analysis. Furthermore, in patients enrolled more than
once, only the first enrollment was used. The BASEL IX
study was done according to the principles of the
Declaration of Helsinki and approved by regional ethics
committees. Written informed consent was obtained
from all patients. Reporting is in accordance with TRIPOD
(Transparent Reporting of a multivariable prediction model
for Individual Prognosis Or Diagnosis) guidelines (20).

Clinical Assessment and Final ED Classification
of Syncope

All patients had a thorough and standardized clinical
assessment, including a medical history and a history of
the circumstances of the current event, physical examina-
tion, and measurement of vital parameters. Twelve-lead
ECG recordings were obtained according to local stand-
ard operating procedures at ED presentation. Opposite
to the original derivation study (7), the BASEL IX study
protocol did not restrict timing and extent of (cardiac)
work-up in the ED, which was left to the discretion of
the attending physicians who were advised to operate
according to clinical practice guidelines (1, 2). The final
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ED classification of syncope (clinician classification of
syncope) was determined by the treating physician after
completed ED evaluation, integrating the information
provided by the diagnostics they decided to perform or
order and documented in the ED discharge letter (see
section 1 of the Supplement, available at Annals.org).
No specific training was mandatory for ED physicians in
participating centers to maximize generalizability of the
findings.

CSRS and OESIL

The CSRS combines 9 predictors derived from the
clinical evaluation, cardiac troponin (cTn), 12-lead ECG,
and clinician classification of syncope (vasovagal, car-
diac, or other) after ED evaluation (Table 1) (7). The
OESIL score, which was derived and validated to predict
1-year mortality and has been used as a prognostic
comparator in prior studies (4, 21), is based on 4 predic-
tors: age greater than 65 years, history of cardiovascular
disease, syncope without prodrome, and abnormal
ECG (Table 1) (10).

Follow-up

Patients were contacted by trained physicians or study
nurses at set intervals (6, 12, and 24 months) after dis-
charge either in written form or by telephone, where details
about serious outcomes during the entire follow-up period
were obtained. Four sources of follow-up information were
available: patients (or their relatives in case of deceased or
incapacitated patients); hospital records, including the
index hospitalization; records of physicians in private prac-
tice; and local or national death registries. At least 1 of the
latter 3 was obtained for verification whenever possible.

Outcome Measures

Primary prognostic outcome measures were 2 compo-
sites summarizing 30-day serious outcomes not evident in
the ED: first, a composite measure of serious clinical and
procedural outcomes (primary composite outcome), simi-
lar to the CSRS derivation study, including death, life-threat-
ening arrhythmia, myocardial infarction, serious structural
heart disease, aortic dissection, pulmonary embolism,
severe pulmonary hypertension, severe hemorrhage, any
other serious condition causing syncope, and procedural
interventions for the treatment of syncope; second, to
address the possibility of a causal chain between hospitaliza-
tion and procedural intervention (for example, pacemaker
implantation) for the treatment of syncope, a purely clinical
composite outcome measure including all of the above
except procedural interventions (composite outcome
excluding procedural interventions). Both composite
outcomes did not include any asymptomatic arrhythmia,
nor symptomatic supraventricular arrhythmia, because
this is a more benign event with often unclear association
with the cause of syncope and, on its own, may not justify
hospitalization (22). Secondary measures included both
composite outcomes within 720 days of follow-up.

Blood Sampling and Laboratory Methods
Venous blood samples were drawn on arrival to the
ED and processed and/or frozen at —80°C for storage
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Table 1. Predictors and Associated Points of the CSRS and OESIL Score With the Respective Number and Proportion of

Patients per Item in the Cohort (Total n = 2283 Patients)*

Category Points Patients, n (%)
CSRS
Clinical evaluation
Predisposition to vasovagal syncopet =1 531 (23.3)
History of heart diseaset 1 842 (36.9)
Systolic blood pressure reading <90 or >180 mm Hg§ 2 128 (5.6)
Investigations
Elevated troponin level (>99th percentile) 2 280(12.3)
Abnormal QRS axis (<—30° or >110°) 1 385 (16.9)
QRS duration >130 ms 1 238(10.4)
Corrected QT interval >480 ms 2 217 (9.5)
Clinician classification of syncope at emergency department discharge
Vasovagal syncope -2 899 (39.4)
Cardiac syncope 2 269 (11.8)
Other 0 1115 (48.8)
Total score (=3to 11) -
OESIL
Clinical evaluation
Age >65y 1 1397 (61.2)
History of cardiovascular diseasel| 1 764 (33.5)
Syncope without prodrome 1 496 (21.7)
Investigations
Abnormal electrocardiogram€l 1 1001 (43.8)
Total score (0to 4) -

CSRS = Canadian Syncope Risk Score; OESIL = Osservatorio Epidemiologico della Sincope nel Lazio.

*The CSRS combines 9 weighted predictors, with points ranging from —2 to + 2 for each item, resulting in a total score range of =3 to + 11 points.
The OESIL score consists of 4 predictors, each worth 1 point, resulting in a score range of 0 to + 4 points. Reference category for the syncope classi-
fication item of the CSRS is “other” (including unknown) (for more details, see section 1 of the Supplement, available at Annals.org). For both scores,
all other predictors are binary (yes/no), with the reference category being “no.”

T Triggered by being in a warm, crowded place; prolonged standing; fear; emotion; or pain.

f Includes coronary or valvular heart disease, cardiomyopathy, congestive heart failure, and non-sinus rhythm (electrocardiogram evidence during
index visit or documented history of ventricular or atrial arrhythmias, or device implantation).

§ Includes any of the blood pressure values during emergency department evaluation.

|| Patients were considered to have a history of cardiovascular disease in the following cases: previous clinical or laboratory diagnosis of any form of struc-
tural heart disease, including ischemic heart disease, valvular dysfunction, and primary myocardial disease; previous diagnosis or clinical evidence of con-
gestive heart failure; previous diagnosis or clinical evidence of peripheral arterial disease; or previous diagnosis of stroke or transient ischemic attack.

9| Electrocardiogram tracings were considered abnormal in the following cases: rhythm abnormalities (atrial fibrillation or flutter, supraventricular
tachycardia, multifocal atrial tachycardia, frequent or repetitive premature supraventricular or ventricular complexes, sustained or nonsustained ven-
tricular tachycardia, paced rhythms); atrioventricular or intraventricular conduction disorders (complete atrioventricular block, Mobitz type | or
Mobitz type Il atrioventricular block, bundle branch block or intraventricular conduction delay); left or right ventricular hypertrophy; left axis devia-
tion; old myocardial infarction; ST-segment and T wave abnormalities consistent with or possibly related to myocardial ischemia; or electrocardio-

graphic recordings showing nonspecific repolarization abnormalities were not considered as abnormal.

and future measurements. High-sensitivity cTnl (hs-cTnl)
measurements (part of the CSRS) were done using the
ARCHITECT STAT High Sensitivity Troponin-l assay
(Abbott Laboratories) (23), and hs-cTnT was measured
using the Elecsys 2010 (Roche Diagnostics) (24). The hs-
cTnl and hs-cTnT measurements were done blinded in a
core laboratory. For the CSRS, which includes elevated
cTn levels (>99th percentile) as a score item, study-
specific hs-cTnl and hs-cTnT measurements done at the
core laboratory were used, when available. In case study-
specific hs-cTnl and hs-cTnT measurements were missing,
cTn concentrations measured as part of routine clinical
care were used. Also, if no clinical cTn concentrations were
available, in accordance with the original CSRS studies
(6, 7), cTn was imputed to normal.

Statistical Analysis

For the CSRS and OESIL score, we calculated the
final point-based score for each patient in this cohort.
That score, in combination with the reported intercept of
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the original derivation, was then used to calculate pre-
dicted probabilities of the original 30-day composite out-
come for the CSRS (7). A recalibration was not done. For
the OESIL score, because no intercept was reported in
the original derivation study, a recalibration of the score
was necessary before calculating predicted probabilities
of the original OESIL 1-year mortality outcome (see sec-
tion 2 of the Supplement, available at Annals.org) (25).
We quantified discrimination by the area under the receiver-
operating characteristic curves (AUCs) (26). Comparisons
of correlated AUCs were done according to DelLong and
colleagues (27). Calibration was assessed using calibration
curves with a locally weighted smoothing algorithm, which
offer a visualization of the agreement between observed
and predicted probabilities of the outcome.

To examine the disposition decision capabilities of
the CSRS and OESIL score, we created 3 comprehensive
risk groups based on the original publications (7, 10):
(very) low risk (CSRS <0, OESIL 0 to 1), medium risk
(CSRS 1 to 3, OESIL 2), and (very) high risk (CSRS >4,
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OESIL 3 to 4). Cox regression models and Kaplan-Meier
curves were used to examine the incidence of composite
outcomes over time and hazard ratios of patients strati-
fied by the different risk groups, where the (very) low-risk
group was used as reference for comparison (28).
Individual analysis of the components of the CSRS in a
multivariable regression model was done to assess con-
sistency of their individual weight with the derivation
cohort. Because the extent of work-up routinely done in
the ED may be greater in countries other than Canada,
the relative contribution of the clinician classification of
syncope at ED discharge variable to the performance of
the score may concurrently be higher in this study.
Therefore, we compared the discrimination of the CSRS
versus a simplified and refitted model on the basis of
only the clinician classification of syncope at discharge.
To compare the proportion of patients selected for dis-
charge or admission from the ED by the CSRS versus the
OESIL score versus the real-world ED decision, and adverse
outcomes occurring in these patients, we created a contin-
gency table stratified by admission status and risk categori-
zation of the 2 scores. No formal sample size calculation
was done because no universally accepted approach to
sample size estimation is available for validation studies of
risk prediction models. However, the number of patients
and events or nonevents in this study far exceeds the
common suggestion deduced from simulation studies
of having at least 100 events and nonevents (29-32).
Therefore, this analysis is expected to provide robust
estimates (29-32). All hypothesis testing was 2-tailed;
P values less than 0.05 were considered statistically sig-
nificant. Statistical analyses were done using R, version 4.0
(R Foundation for Statistical Computing) (see section 3 of
the Supplement, available at Annals.org).

Role of the Funding Source

The funders had no role in the conduct of the study,
analysis and interpretation of the data, drafting of the article,
or the decision to submit the manuscript for publication.

RESuLTS

Study Population

From May 2010 to October 2019, a total of 3013
patients were enrolled and had completed 12-month fol-
low-up, of which 2283 were eligible for this analysis (Figure
1). Mean age was 68 years, 42% were women, and 19%
had a history of coronary artery disease (Table 2). Overall,
54% of patients were hospitalized. The primary composite
outcome at 30 days occurred in 7.2% (n= 165), and the
composite outcome excluding procedural interventions
occurred in 3.1% (n= 70) (Table 3). The score distribution
of the CSRS and OESIL score across the cohort as well as
30-day event numbers and predicted probabilities of
adverse outcomes by score are displayed in Table 4.

CSRS Performance and Comparison With the
OESIL Score

Discrimination of the CSRS for the primary compos-
ite outcome at 30 days was good (AUC, 0.85 [95% ClI,
0.83 to 0.88]) and was better than the OESIL score (AUC,
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Figure 1. Patient flow chart.

Patients enrolled
(n=3013)

Excluded
Nonsyncopal loss of consciousness (n =339)
Stroke/transient ischemic attack: 18
Epilepsy: 116
Fall: 40
Intoxication: 6
Presyncope: 114
Functional: 14
Metabolic disorder: 19
Other: 12
Initial electrocardiogram missing (n =77)
Serious outcome identified before or in the
emergency department (n =280)
Multiply included patients (n = 34)

Eligible for analysis
(n=2283)

Serious outcome is defined as adverse event included in the study
defined primary composite outcome or composite outcome excluding
procedural interventions.

0.74 [Cl, 0.71 to 0.78]; P < 0.001) (Figure 2, left). Similarly,
discrimination of the CSRS for the composite outcome
excluding procedural interventions (AUC, 0.80 [CI, 0.75 to
0.84]) was better than the OESIL score (AUC, 0.69 [Cl, 0.64
to 0.75]; P < 0.001) (Figure 2, right). These findings were
confirmed in a subgroup analysis stratifying patients by
hospitalization status (Supplement Figure 1, available at
Annals.org). Calibration of the CSRS and OESIL score (with
a recalibrated intercept) overall was mostly suboptimal,
except in the (very) low-risk group (Figure 3).

The CSRS triaged 60.8% (n = 1388) of patients toward
(very) low risk; the OESIL score triaged 48.4% (n = 1104) of
patients toward low risk. In these patients, the event rate for
both composite outcomes at 30 days was lower with the
CSRS versus the OESIL score (primary composite outcome:
15 of 1388 [1.1%] vs. 30 of 1104 [2.7%]; composite out-
come excluding procedural interventions: 9 of 1388 [0.6%]
vs. 17 of 1104 [1.5%]) (Table 5 and Figure 4). Safety of tri-
age toward (very) low risk using the CSRS was higher ver-
sus the OESIL score with, for example, a sensitivity of 91%
(Cl, 85% to 95%) versus 82% (Cl, 75% to 87%) for the pri-
mary composite outcome at 30 days (Supplement Table 1,
available at Annals.org).

Comparison of the Disposition Decision
According to CSRS Versus OESIL Score
Versus Observed

Of 2283 patients, 45.9% or 1048 were observed to
be discharged after ED evaluation by the treating physi-
cian in this study (Supplement Table 2, available at
Annals.org); this is compared with 60.8% (1388 of 2283)
identified as (very) low risk by the CSRS (absolute
increase of 14.9% of patients), and 48.4% (1104 of 2282)
identified as low risk by the OESIL score. Those classified
as (very) low risk by the CSRS had lower rates of adverse
outcomes than those discharged by the ED; compared
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Table 2. Baseline Characteristics of the Study Population

Variable Overall 30-Day Primary 30-Day Composite Outcome
Composite Outcome Excluding Procedural Interventions
Without Event With Event P Value* Without Event With Event P Value*
Patients, total n (%)t 2283 (100.0) 2118(92.8) 165(7.2) 2213(96.9) 70(3.1)
Mean age (SD), y 68.1(13.9) 67.5(14.0) 76.6(10.7)  <0.001 67.9(14.0) 75.6(11.1) <0.001
Female, n (%) 949 (42) 887 (42) 62 (38) 0.29 917 (41) 32 (46) 0.54
Hospitalized, n (%) 1235 (54) 1087 (51) 148 (90) <0.001 1176 (53) 59 (84) <0.001
Characteristics of syncope, n (%)
Nausea 686 (30) 652 (31) 34(21) 0.010 669 (31) 17 (25) 0.35
Diaphoresis 762 (34) 742 (36) 20(13) <0.001 755 (35) 7 (10) <0.001
Pallor 663 (44) 630 (45) 33(31) 0.008 646 (44) 17 (44) 1.00
Palpitations 160 (7) 152 (7) 8(5) 0.42 155(7) 5(8) 0.81
Angina pectoris 125 (6) 112 (5) 13 (8) 0.15 119 (5) 6(9) 0.27
While supine 63(3) 58(3) 5(3) 0.80 60 (3) 3(4) 0.44
While sitting 907 (40) 853 (41) 54 (33) 0.057 888 (40) 19 (28) 0.034
While standing up 296 (13) 280 (13) 16 (10) 0.23 288 (13) 8(12) 0.86
While standing 991 (44) 908 (43) 83(51) 0.072 954 (43) 37 (54) 0.109
During exercise 172 (8) 146 (7) 26 (16) <0.001 163(7) 9(13) 0.101
Medical history, n (%)
Smoking 1120 (49) 1039 (49) 81(51) 0.81 1088 (49) 32(48) 0.81
Arterial hypertension 1352 (59) 1239 (59) 113 (68) 0.013 1309 (59) 43 (61) 0.81
Hypercholesterolemia 936 (42) 855 (41) 81 (49) 0.040 907 (42) 29 (42) 1.000
Diabetes mellitus 344 (15) 305(14) 39 (24) 0.003 331(15) 13(19) 0.40
Coronary artery disease 423 (19) 367 (17) 56 (34) <0.001 398(18) 25 (36) 0.001
Myocardial infarction 242 (11) 208 (10) 34(21) <0.001 226 (10) 16 (23) 0.002
Congestive heart failure (New York Heart 136 (6) 112 (5) 24 (15) <0.001 124 (6) 12(17) 0.001
Association II-1V)
Benign ventricular arrhythmia 435 (19) 380(18) 55(34) <0.001 415 (19) 20(29) 0.043
Pacemaker/cardiac resynchronization therapy/ 109 (5) 100 (5) 9(5) 0.70 101 (5) 8(11) 0.017
implantable cardioverter-defibrillator device
Stroke 189 (8) 173 (8) 16 (10) 0.47 184 (8) 5(7) 1.000
Medication, n (%)
Aspirin 649 (28) 589 (28) 60 (36) 0.025 628 (28) 21(30) 0.79
Anticoagulation 278(12) 241 (11) 37(22) <0.001 262 (12) 16 (23) 0.009
Diuretic 645 (28) 573(27) 72 (44) <0.001 613(28) 32 (46) 0.002
Digitalis 29 (1) 23(1) 6(4) 0.015 25(1) 4(6) 0.011
B-blocker 649 (28) 582 (27) 67 (41) <0.001 621(28) 28 (40) 0.042
Antiarrhythmic 72 (3) 63(3) 9(5) 0.099 70 (3) 2(3) 1.000
Nitrate 114 (5) 102 (5) 12(7) 0.190 108 (5) 6(9) 0.160
Angiotensin-converting enzyme inhibitor/ 1001 (44) 903 (43) 98 (59) <0.001 963 (44) 38 (54) 0.086
angiotensin Il antagonist
Calcium-channel blocker 374 (16) 350(17) 24 (15) 0.59 366 (17) 8(11) 0.33

* P values are for comparison between patients with and without 30-d adverse outcomes for both the primary composite as well as the composite

outcome excluding procedural interventions.

T The n (%) in the first row (total n) denotes row percentages in respect to the total number of patients (n = 2283). All other n (%) denote column
percentages in respect to the total number of the respective column excluding missing values per each variable.

with 1.6% of those who were discharged, only 1.1% of
(very) low-risk patients by CSRS score had the primary
composite outcome, and 0.6% (vs. 1.0%) had the com-
posite outcome excluding procedural interventions at 30
days (Table 5; Supplement Table 3, available at Annals.
org). In contrast, the incidence of both composite out-
comes was higher in the low-risk group by OESIL (2.7%
and 1.5%, respectively) than in those who were dis-
charged (Table 5 and Supplement Table 3).

Contribution of Individual CSRS Components to
Prognosis

Analysis of the 9 individual items of the CSRS in a
multivariable regression model showed the largest odds
ratios for clinician classification of syncope at ED dis-
charge variable (cardiac syncope, vasovagal syncope, or
other) in predicting the primary composite outcome at
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30 days (Table 6). A simplified model including only the
clinician classification of syncope variable achieved simi-
lar discrimination (AUC, 0.83 [CI, 0.80 to 0.87]) when
compared with the entire CSRS (Figure 1).

Outcomes at 720 Days

Follow-up was complete in 2173 of 2283 patients
(95.2%) at 720 days. Of 2283 patients, 472 (20.7%) devel-
oped the primary composite outcome, and 317 of 2283
(13.9%) patients developed the composite outcome exclud-
ing procedural interventions within 720 days. The event rate
from day 31 to day 720 was lower compared with the event
rate until day 30 in all 3 risk groups. However, the event rate
remained higher in the (very) high-risk group compared with
the medium-risk and (very) low-risk groups with continuously
diverging survival curves (Supplement Figure 2, available at
Annals.org).

Annals of Internal Medicine 5


http://www.annals.org
http://www.annals.org
http://www.annals.org
http://www.annals.org

ORIGINAL RESEARCH

International Validation of the Canadian Syncope Risk Score

Table 3. Serious Outcomes Within 30 and 720 Days After Disposition From the Emergency Department (Counting Only the

First Event in Case of Multiple Events per Patient)

Serious Outcome

30 Days, n (%)* 720 Days, n (%)*

Death (all causes)
Arrhythmic outcomes

Resuscitation

Life-threatening arrhythmiat

Pacemaker implantationt

Implantable cardioverter-defibrillator implantationt
Nonarrhythmic outcomes

Acute coronary syndrome

Heart failure

Coronary revascularization (percutaneous transluminal coronary angioplasty or bypass surgery)t

Valve intervention or surgeryt
Noncardiac outcomes
Gastrointestinal bleeding
Intracranial bleeding
Severe bleeding requiring blood transfusion
Pulmonary embolism
Sepsis
Total primary composite outcome
Total composite outcome excluding procedural interventions

13(7.9) 134 (28.5)
1(0.6) 6(1.3)

17 (10.3) 31(6.6)
59 (35.8) 94(20.0)
14 (8.5) 17 (3.6)
11(6.7) 39(8.3)
8 (4.8) 46(9.8)
11(6.7) 26 (5.5)
11(6.7) 18 (3.8)
4(2.4) 25(5.3)
3(1.8) 7(1.5)
4(2.4) 7(1.5)
7(4.2) 15(3.2)
2(1.2) 7(1.5)
165 (100) 472 (100)
70 317

* The n (%) denotes column percentages in regard to the total number of the primary composite outcome.
T Life-threatening arrhythmia defined as ventricular fibrillation, sustained ventricular tachycardia (>120 beats/min), ventricular pause (>3 s), or ven-

tricular standstill and asystole.

T Interventional procedures not included in the composite outcome excluding procedural interventions.

DiscussioN

This is the first large international validation of the
CSRS. We report 4 major findings. First, prognostic dis-
crimination of the CSRS was good for predicting adverse
clinical outcomes. Second, by applying the CSRS, more
than half of patients (60.8%) were triaged to the (very)
low-risk group, in whom hospitalization often may not be

necessary. In contrast, more than 1 in 3 patients in this
low-risk subgroup were hospitalized. Less than 1% of
patients identified as (very) low risk by the CSRS had
adverse clinical outcomes at 30 days. Third, although
the CSRS did significantly better in predicting 30-day
adverse outcomes not evident during index ED evalua-
tion compared with the OESIL score, the performance of

Table 4. Distribution of CSRS and OESIL Scores*

Score Patients, n (%) Risk Category 30-Day Primary 30-Day Composite Outcome Predicted Probability
Composite Outcome, Excluding Procedural (95% ClI), %
n (%) [95% CI] Interventions, n (%) [95% CI]
CSRS
-3 153 (6.7) Very low 0(0.0)[0.0-2.4] 0(0.0)[0.0-2.4] 0.5(0.2-1.3)
-2 399(17.5) Very low 5(1.3)[0.5-2.9] 2(0.5)[0.1-1.8] 0.8 (0.5-1.4)
-1 272 (11.9) Low 1(0.4)[0.1-2.1] 0(0.0)[0.0-1.4] 1.3(0.5-3.4)
0 564 (24.7) Low 9(1.6)[0.8-3.0] 7 (1.2)[0.6-2.5] 2.1(2.1-2.1)
1 291(12.7) Medium 14 (4.8)[2.9-7.9] 12(4.1)[2.4-7.1] 3.4(2.3—5.1)
2 194 (8.5) Medium 26(13.4)[9.3-18.9] 11(5.7)[3.2-9.9] 4(3.9-8.7)
3 166 (7.3) Medium 36(21.7)[16.1-28.6] 16 (9.6)[6-15.1] 8.6 (4.4-19.5)
4 93(4.1) High 21(22.6)[15.3-32.1] 6(6.5)[3.0-13.4] 13.5(13.7-71.5)
5 76(3.3) High 8 (23.7)[15.5-34.4] 2(2.6)[0.7-9.1] 20.4 (15.3-86.4)
6 29(1.3) Very high 6(55.2)[37.5-71.6] 8(27.6)[14.7-45.7] 29.7(10.8-92.3)
7 26(1.1) Very high 2(46.2)[28.8-64.5] 4(15.4)[6.2-33.5] 41.1(10.9-96.9)
8 12(0.5) Very high 2 (16.7)[4.7-44.8] 0(0.0)[0.0-24.2] 53.5(32.2-99.7)
9 8(0.4) Very high 5(62.5)[30.6-86.3] 2(25.0)[7.1-59.1] 65.5(32.4-99.9)
10 0 Very high - - -
11 0 Very high - - -
OESIL
0 474(20.8) Low (0.2)[0-1.2] 1(0.2)[0-1.2] 0.9 (0.9-0.9)
1 630 (27.6) Low 29 (4.6)[3.2-6.5] 16 (2.5)[1.6-4.1] 2.4(2.0-5.6)
2 622 (27.2) Medium (6.1)[4.5-8.3] 17(2.7)[1.7-4.3] 6.3(4.1-20.6)
3 444 (19.4) High 8(15.3)[12.3-19] 27 (6.1) [4.2-8.7] 15.4 (5.4-40.7)
4 113 (4.9) High 9(25.7)[18.5-34.4] 9(8)[4.2-14.4] 33.1(5.7-59.2)

CSRS = Canadian Syncope Risk Score; OESIL = Osservatorio Epidemiologico della Sincope nel Lazio.

* Presented with associated risk categories as well as the number, proportion, and 95% Cl of recorded serious outcomes for the 30-d primary com-
posite outcome as well as the 30-d composite outcome excluding procedural interventions and predicted probabilities with 95% Cls for each score.
Patients n (%) denotes column percentages of total n = 2283. All other n (%) denote row percentages in regard to patients per score.
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Figure 2. The AUCs displaying the prognostic discrimination of the CSRS, OESIL score, and the simplified model based only on the
sync.class. at ED discharge for both the primary composite outcome (left) and the composite outcome excluding procedural inter-

ventions (right) at 30 days.
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the CSRS was mainly driven by clinician classification of
syncope (cardiac syncope, vasovagal syncope, or other)
at ED discharge. Given that a simplified model based
only on this syncope classification variable achieved similar
discrimination versus the CSRS, the incremental clinical value
of the CSRS is likely marginal in EDs with a similar standard
of care to the 14 EDs across 8 countries contributing to this
study. Fourth, analysis of long-term follow-up confirmed the
validity of the 3 risk groups and the increased risk for patients
in the medium-risk and (very) high-risk groups even over
720 days.

This study corroborates and extends the previous find-
ings of the Canadian derivation study and the national vali-
dation study showing high prognostic accuracy (AUC, 0.88
[Cl, 0.85 to 0.90] and 0.91 [CI, 0.88 to 0.93], respectively) in
a younger population (mean age of 54 years for both stud-
ies) with a lower prevalence of known cardiac disorders to
an older and more international population in our study
(mean age, 68 years) (6, 7). A national Italian multicenter
validation study found moderate prognostic accuracy of
the CSRS (AUC, 0.75 [CI, 0.68 to 0.81]) in a small cohort
(n = 345), with a median age of 71 years (18). Another small
(n= 283) single-center cohort from Australia with a mean
age of 56 years recorded only 7 serious adverse events
within 30 days and found modest performance of the
CSRS (19). None of the 2 studies reported data on calibra-
tion (18, 19). Although the national Canadian validation
study found an optimal calibration of the CSRS, we found
good calibration only for the (very) low-risk group without
refitting the model but using the originally derived data to
calculate probabilities in our cohort. Similar results were
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Canadian Syncope Risk Score; OESIL = Osservatorio Epidemiologico della

shown for the calibration of the OESIL score, refitted on our
cohort. The suboptimal calibration of the medium-risk and
high-risk groups, however, may be of less clinical relevance
because the primary aim was to focus on the identification
of patients at low risk to allow safe discharge. As the
uncertainty about patient disposition increases with
patient age because of the increase in the prevalence of
a cardiac cause of syncope, the patient population enrolled
in this study seems to represent well those patients in
whom clinicians perceive the need for help in determining
the right disposition decision after ED evaluation (1, 3).

It is unknown why the 9 items of the CSRS had a rather
balanced contribution to its performance in the Canadian
derivation study, whereas in this large international study,
the performance of the CSRS was mainly driven by the final
clinician classification of syncope. It is conceivable that the
extent of work-up done in the ED may have been different
in our study, and the corresponding diagnostic accuracy of
the syncope classification by the treating physician at the end
of ED evaluation may have contributed to this discrepancy.

Substantial variations in admission rates seen in dif-
ferent health care systems ranging from 12% in parts of
Canada to 54% in this study and as much as 80% in U.S.
centers (16, 17) suggest that not only medical factors but
also social, financial, and legal concerns may play a role in
disposition decisions. Given recent evidence that a large
proportion of admissions is likely inappropriate and some-
times even harmful, current clinical practice guidelines
highlight the need for strategies to reduce admissions for
syncope (1, 2, 15, 33). The economic effect of implement-
ing strategies for improved risk stratification and more
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Figure 3. Calibration plots for the CSRS (A), OESIL score (B), and sync.class. (C) for the 30-day primary composite outcome as well as
the 30-day composite outcome excluding procedural interventions (CSRS [D], OESIL score [E], and sync.class. [F]) using a loess
algorithm displaying predicted (x-axis) versus observed (y-axis) probabilities.
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Table 5. Stratification by Observed Admission Decisions (Hospitalized Vs. Discharged) and Risk Categories of the CSRS and
OESIL Score for the Primary Composite Outcome and the Composite Outcome Excluding Procedural Interventions at 30 Days*

(Very) Low Risk, % (n/N)

Not Low Risk, % (n/N)

OESIL

CSRS

OESIL

Total, % (n/N)

Outcome Patients/Events
CSRS
30-d primary composite
outcome
o Patients 25.7 (586/2283)
Hospitalized Events 1.7 (10/586)
. Patients 35.1(802/2283)
Discharged Events 0.6 (5/802)
Total Patients 60.8 (1388/2283)
Events 1.1(15/1388)
30-d composite outcome
excluding procedural
interventions
. Patients 25.7 (586/2283)
Hospitalized Events 1.0 (6/586)
. Patients 35.1(802/2283)
Disch d
IEETESE Events 0.4 (3/802)
Total Patients 60.8(1388/2283)
Events 0.6 (9/1388)

19.7 (450/2283)

28.4 (649/2283)
(

34.4(785/2283)

54.1(1235/2283)

5.6 (25/450) 21.3(138/649) 15.7 (123/785) 12.0(148/1235)
28.6(654/2283) 10.8 (246/2283)  17.3(394/2283) 45.9(1048/2283)
0.8 (5/654) 4.9 (12/246) 3.0(12/394) 1.6 (17/1048)
48.4(1104/2283)  39.2(895/2283)  51.6(1179/2283)  100.0(2283/2283)
2.7 (30/1104) 16.8 (150/895) 11.5(135/1179) 100.0 (165/165)

19.7 (450/2283)

28.4(649/2283)

34.4(785/2283)

54.1(1235/2283)

3.1(14/450) 8.2 (53/649) 5.7 (45/785) 4.8 (59/1235)
28.6 (654/2283) 10.8(246/2283)  17.3(394/2283) 45.9(1048/2283)
0.5 (3/654) 3.3 (8/246) 2.0(8/394) 1.0(11/1048)
48.4(1104/2283)  39.2(895/2283)  51.6(1179/2283)  100.0(2283/2283)
1.5(17/1104) 6.8 (61/895) 4.5(53/1179) 100.0 (70/70)

CSRS = Canadian Syncope Risk Score; OESIL = Osservatorio Epidemiologico della Sincope nel Lazio.
* Only patients in the (very) low risk group are applicable for potential discharge, whereas patients in the medium and (very) high risk groups, sum-
marized here as "not low risk,” are suggested to receive further work-up and/or admission.

tailored hospitalizations could be substantial (8). Given the
average cost of hospitalization for syncope of around
$8700, an estimated 1.5 million patients presenting to the
ED with syncope in the United States and Europe annually
(1, 2, 8, 34), reduction in the rate of hospitalization from
60% to 50% by the improved identification of patients at
low risk could result in health care savings of more than
$1.3 billion in the United States and Europe alone.

All elements of the CSRS and OESIL score, including
clinician classification of syncope (part of the CSRS but
not OESIL) are part of the established ED work-up in
most institutions. Therefore, feeding back the results to
the physicians could easily occur in time for the disposi-
tion decision. Using the CSRS to identify low-risk patients
for ED discharge could reduce hospitalizations with a
lower adverse event rate in those discharged. Despite its
moderate performance in this cohort, the OESIL score
may still be preferred in some institutions because it
includes fewer and equally weighted variables (4 vs. 9 in
CSRS), allowing easier bedside use even without an
online calculator. Furthermore, because the OESIL score
does not include clinician classification of syncope (that
is, physician judgment), it is not expected to do as well as
the CSRS. However, by only including objective values,
the OESIL score is less dependent on the experience
and acumen of the treating physician, whereas the per-
formance of the CSRS is highly dependent on the physi-
cian using the score, making it unlikely to reproduce
consistent performance in even similar settings. However,
those classified as low risk by OESIL had a higher event rate
than those discharged from the ED by clinicians in this study.
To answer the questions of how well the CSRS would do
without the physician judgment and how it would then com-
pare with the OESIL score, the CSRS would have to be
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rederived and recalibrated without the clinician classification
of syncope component, which is beyond the scope of this
study but is a potential future direction for research.

Future studies are also warranted to address open
questions about the clinical implementation of the CSRS,
which also apply to the OESIL score. First, the preferred
threshold for risk used to select patients eligible for out-
patient management may differ among different health
care settings and depend on the risk tolerance for adverse
outcomes and the acceptable tradeoffs between appropri-
ate hospitalizations of those at risk and unnecessary hospi-
talization of those at low risk. Hospitalization may have
other benefits, such as intensified monitoring and work-up,
which can lead to more rapid diagnosis and initiation of
therapy. Thereby, hospitalization may improve more
downstream health outcomes not captured in this study.
Second, about one third of patients were triaged by the
CSRS to the medium-risk group. The disposition and
extent of monitoring that best balances safety and eco-
nomic needs in this group largely remain unknown.

Several limitations of this study merit consideration.
First, 54% of patients in this international multicenter
study were admitted. Because the intensity of monitoring
is higher during hospitalization and some procedures
included in the primary composite outcome can only be
done when the patient is hospitalized and may be
driven by the clinician's classification of syncope after
ED evaluation, inclusion of the syncope classification
variable could introduce ascertainment and incorpora-
tion bias—because this variable affects the score but also
affects the procedural outcome. This may lead to an
overestimation of the performance of the CSRS in the
primary outcome, which included procedural interven-
tions. Therefore, it is important to highlight that the good
prognostic discrimination of the CSRS was confirmed in
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Figure 4. Kaplan-Meier curves showing the incidence of the primary composite outcome for the CSRS (A) and OESIL score (B) as well
as the composite outcome excluding procedural interventions (CSRS [C] and OESIL score [D]) at 30 days.
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The graphs are stratified by the 3 risk groups: (very) low risk (CSRS <0, OESIL 0 to 1, green/dotted), medium risk (CSRS 1 to 3, OESIL 2, orange/dashed),
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nel Lazio.

predicting adverse events when these procedural inter-
ventions were excluded from the composite outcome.
Second, in most centers, patient enrollment was done by
study-specific staff, with most patients being enrolled dur-
ing the day and in the evening. Therefore, this study, like
most previous studies on syncope, has an underrepresen-
tation of patients presenting during the night. However,
syncopal events occurring at night overall seem to have
similar characteristics to those occurring during the day-
time (35). Third, because our study mostly included older
patients (mean age, 68 years), generalizability to younger
patients is unclear. International validation of the CSRS in
younger patients is still pending.

In conclusion, in this international external validation
study, the CSRS showed good performance in the identi-

10 Annals of Internal Medicine

fication of patients at low risk for serious outcomes and,
therefore, possible candidates for discharge from the ED
and was superior to the OESIL score. However, because
clinician classification of syncope seemed to drive much
of the performance of the CSRS, the incremental value
and clinical utility of the CSRS remains unclear and war-
rants further study, preferably in the form of a random-
ized controlled trial.
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Table 6. Multivariable Logistic Regression Model for the 30-Day Primary Composite Outcome With CSRS and OESIL Score

Predictors

Predictor B Coefficient Odds Ratio (95%Cl)

CSRS
Predisposition to vasovagal syncope —0.58 0.56 (0.32-0.96)
History of heart disease 0.28 1.33(0.89-1.97)
Systolic blood pressure reading <90 or > 180 mm Hg 0.1 1.12(0.55-2.28)
Elevated troponin level (>99th percentile) 0.20 1.22(0.77-1.92)
Abnormal QRS axis (<—30° or >110°) 0.41 1.48 (0.94-2.39)
QRS duration >130 ms 0.75 2.12(1.22-3.67)
Corrected QT interval >480 ms 0.15 1.16 (0.69-1.94)
Clinician classification of syncope (ED diagnosis) as vasovagal syncope —0.82 0.44 (0.23-0.83)
Clinician classification of syncope (ED diagnosis) as cardiac syncope 2.79 16.30(10.75-24.71)
Intercept —3.58
AUC 0.88(0.85-0.91)

OESIL
Age >65y 1.34 3.85(2.28-6.50)
History of cardiovascular disease 0.64 1.89 (1.35-2.65)
Syncope without prodrome 0.40 1.49 (1.05-2.12)
Abnormal electrocardiogram 1.10 3.01 (2.06-4.40)
Intercept —4.65
AUC 0.76 (0.72-0.79)

AUC = area under the receiver-operating characteristic curve; CSRS = Canadian Syncope Risk Score; ED = emergency department; OESIL =

Osservatorio Epidemiologico della Sincope nel Lazio.
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