Research

JAMA Internal Medicine | Original Investigation

Multicenter Emergency Department Validation
of the Canadian Syncope Risk Score

Venkatesh Thiruganasambandamoorthy, MBBS, MSc; Marco L. A. Sivilotti, MD, MSc; Natalie Le Sage, MD, PhD;
Justin W. Yan, MD, MSc; Paul Huang, MD; Mona Hegdekar, MD; Eric Mercier, MD, MSc;

Muhammad Mukarram, MBBS, MPH; Marie-Joe Nemnom, MSc; Andrew D. McRae, MD, PhD;

Brian H. Rowe, MD, MSc; lan G. Stiell, MD, MSc; George A. Wells, PhD; Andrew D. Krahn, MD; Monica Taljaard, PhD

Supplemental content
IMPORTANCE The management of patients with syncope in the emergency department (ED)
is challenging because no robust risk tool available has been recommended for clinical use.

OBJECTIVE To validate the Canadian Syncope Risk Score (CSRS) in a new cohort of patients
with syncope to determine its ability to predict 30-day serious outcomes not evident during
index ED evaluation.

DESIGN, SETTING, AND PARTICIPANTS This prospective multicenter cohort study conducted at
9 EDs across Canada included patients 16 years and older who presented to EDs within 24
hours of syncope. Patients were enrolled from March 2014 to April 2018.

MAIN OUTCOMES AND MEASURES Baseline characteristics, CSRS predictors, and 30-day
adjudicated serious outcomes, including arrhythmic (arrhythmias, interventions for
arrhythmia, or unknown cause of death) and nonarrhythmic (myocardial infarction, structural
heart disease, pulmonary embolism, or hemorrhage) serious outcomes, were collected.
Calibration and discrimination characteristics for CSRS validation were calculated.

RESULTS A total of 3819 patients were included (mean [SD] age 53.9 [22.8] years; 2088
[54.7%] female), of whom 139 (3.6%) experienced 30-day serious outcomes, including

13 patients (0.3%) who died. In the validation cohort, there were no differences between the
predicted and observed risk, the calibration slope was 1.0, and the area under the receiver
operating characteristic curve was 0.91(95% Cl, 0.88-0.93). The empirical probability of a
30-day serious outcome during validation was 3.64% (95% Cl, 3.09%-4.28%) compared
with the model-predicted probability of 3.17% (95% Cl, 2.66%-3.77%:; P = .26). The
proportion of patients with 30-day serious outcomes increased from 3 of 1631(0.3%) in the
very-low-risk group to 40 of 78 (51.3%) in the very-high-risk group (Cochran-Armitage trend
test P < .001). There was a similar significant increase in the serious outcome subtypes with
increasing CSRS risk category. None of the very-low-risk and low-risk patients died or
experienced ventricular arrhythmia. At a threshold score of -1 (2145 of 3819 patients), the
CSRS sensitivity and specificity were 97.8% (95% Cl, 93.8%-99.6%) and 44.3% (95% Cl,
42.7%-45.9%), respectively.

CONCLUSIONS AND RELEVANCE The CSRS was successfully validated and its use is
recommended to guide ED management of patients when serious causes are not identified
during index ED evaluation. Very-low-risk and low-risk patients can generally be discharged,
while brief hospitalization can be considered for high-risk patients. We believe CSRS
implementation has the potential to improve patient safety and health care efficiency.
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yncope is a sudden transient loss of consciousness fol-

lowed by spontaneous complete recovery. Syncope ac-

counts for 1% of emergency department (ED) visits, and
identifying any serious underlying condition (eg, arrhyth-
mia, pulmonary embolus, internal hemorrhage) that caused
the syncope remains the primary focus of ED evaluation.'*
Most patients have a benign course, yet approximately 1in 10
patients presenting to the ED has a serious underlying condi-
tion identified within 30 days.? Importantly, among 3% to 5%
of patients with syncope, the serious condition will be iden-
tified only after ED disposition.>® For this reason, and in the
absence of accurate risk stratification, more than half of all pa-
tients presenting to the ED with syncope are hospitalized, cost-
ing in excess of $2.4 billion annually.'>” Given the low yield
of hospitalization, national professional medical societies in
Europe and North America have called for the development
of practical and accurate tools to stratify patients into low-
risk, intermediate-risk, and high-risk groups to aid in manage-
ment decisions.>® Previously published tools lack validation
or are excessively complex and thus are not supported by
guideline recommendations.® We previously derived a risk
stratification tool, the Canadian Syncope Risk Score (CSRS;
Table 1), which aims to predict 30-day serious outcomes after
the index ED visit with a high degree of discrimination, cali-
bration, and accuracy.® The tool was developed using rigor-
ous methodological standards, was internally validated using
bootstrap validation, and was reported according to the Trans-
parent Reporting of a Multivariable Prediction Model for In-
dividual Prognosis or Diagnosis (TRIPOD) reporting guideline
statement.®!° The objective of this study was to conduct a
multicenter prospective temporal and geographic validation
of the CSRS in a new cohort of patients with syncope to
determine its ability to predict 30-day serious outcomes not
evident during index ED evaluation.

Methods

Study Setting and Population

We conducted a prospective cohort validation study at 9
large Canadian EDs (2 EDs each at the Ottawa Hospital,
Ottawa, Ontario; the Kingston Health Sciences Centre,
Kingston, Ontario; and the London Health Science Centre,
London, Ontario; and 1 each at Hopital de ’Enfant-Jésus du
CHU de Québec-Université Laval, Quebec City, Quebec;
St Boniface Hospital, Winnipeg, Manitoba; and Vancouver
General Hospital, Vancouver, British Columbia) from March
2014 to April 2018. We sought to enroll consecutive patients
16 years and older who presented to an ED within 24 hours
of syncope. Patients with prolonged loss of consciousness
(more than 5 minutes), mental status changes from baseline,
an obvious witnessed seizure based on previous history or
current clinical evaluation, or head trauma leading to loss of
consciousness were ineligible because they did not meet the
definition of syncope.'-'2 We excluded patients requiring
hospitalization for traumatic injuries (eg, syncope leading to
motorized vehicle collision), because their outcomes may be
related to trauma rather than syncope. We also excluded
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Key Points

Question Can the Canadian Syncope Risk Score (CSRS) helpin
decision-making for emergency department (ED) patients with
syncope based on short-term serious outcomes?

Findings In this cohort study of 3819 ED patients with syncope,
the CSRS model performed well. Overall, 1% or fewer of patients
with very-low-risk and low-risk CSRS, approximately 20% of
patients with high-risk CSRS, and approximately 50% of patients
with very-high-risk CSRS experienced 30-day serious outcomes.

Meaning Implementation of CSRS has the potential to improve
patient safety and health care efficiency.

Table 1. The Canadian Syncope Risk Score

Category Points
Clinical evaluation
Predisposition to vasovagal symptoms?® =1l
History of heart disease® 1
Any systolic pressure reading <90 or >180 mm Hg*® 2
Investigations
Elevated troponin level (>99th percentile of normal 2
population)
Abnormal QRS axis (<-30° or >100°) 1
QRS duration >130 ms 1
Corrected QT interval >480 ms 2
Diagnosis in emergency department
Vasovagal syncope =2
Cardiac syncope 2

Total score (-3 to 11)

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

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

€ Includes blood pressure values from triage until disposition from the
emergency department.

patients from whom obtaining an accurate history was not
possible (eg, language barrier, alcohol or drug intoxication).
As with the derivation phase,® we excluded patients adjudi-
cated to have a serious underlying condition identified dur-
ing the index ED evaluation and included patients both dis-
charged and hospitalized during the index visit. The ethics
committee at each study hospital approved this study with
the requirement of only verbal informed consent for the col-
lection of existing clinical data and follow-up given the non-
interventional study design.

Data Collection

Research and clinical personnel screened all consecutive ED
patients for enrollment in the study. Patients were prospec-
tively enrolled both prior to and after the publication of the
CSRS.® The CSRS predictors among patients enrolled prior to
the CSRS publication were also prospectively collected, al-
though it was not explicitly stated that they were CSRS com-
ponents. For patients enrolled after the CSRS publication, the
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ED attending physicians and residents were trained on the
study protocol with a 1-hour didactic session to enroll pa-
tients with true syncope and to assess and record the CSRS pre-
dictors. The treating ED physician or an ED medicine resident
under their direct supervision confirmed eligibility, obtained
verbal informed consent, and completed the data collection
form. The estimated risk of serious outcomes associated with
each score level from the derivation study (eTable 1 in the
Supplement)® was not on the data collection form to prevent
physicians from making disposition decisions based on the risk
score. Research assistants trained in the study protocol re-
viewed all ED visits during the study period to identify poten-
tially eligible patients who were not enrolled. Individual pa-
tient-level data will not be made available to other researchers,
but analytical methods can be shared on request.

Serious Outcomes

Asin the derivation phase,® we prespecified and classified 30-
day serious outcomes (eTable 2 in the Supplement) as either
arrhythmic serious conditions (any serious arrhythmias;
intervention to treat arrhythmias such as pacemaker/
defibrillator insertion, or cardioversion; or any death due to
an unknown cause) or nonarrhythmic serious conditions (myo-
cardial infarction, serious structural heart disease, aortic dis-
section, pulmonary embolism, severe pulmonary hyperten-
sion, significant hemorrhage, subarachnoid hemorrhage, or any
other serious condition causing syncope). We assumed that
deaths from an unknown cause were due to arrhythmia and
collected information on deaths that occurred secondary to the
above-listed arrhythmic or nonarrhythmic serious condi-
tions. The serious conditions listed above, including the ar-
rhythmias, were deemed the most clinically relevant short-
term outcomes by an international panel of experts.*!* For
patients who experienced serious outcomes, we collected both
the time and the phase of care (ie, as an inpatient or after the
index visit discharge) during which the patient experienced the
serious outcome.

We used a multistep approach to ascertain 30-day out-
comes. First, we undertook a structured review of all avail-
able medical records for the index and subsequent ED visits,
hospitalizations and/or deaths, and the results of all investi-
gations, including those performed in the outpatient setting.
As a second step, we performed a scripted telephone fol-
low-up immediately after 30 days. The third step involved re-
view of administrative health records for return visits, outpa-
tient investigations, or hospitalizations at all local adult
hospitals for patients from Ontario, Quebec, and British Co-
lumbia, and at all health care facilities in the province of Mani-
toba. All hospital-based health services are reliably captured
in these databases because of the universal health insurance
system across Canada. Finally, names of Ontario patients with
no 30-day follow-up information were searched in the pro-
vincial coroner’s database for matching records, as by On-
tario law the coroner is notified of sudden and unexpected
deaths. Patients were designated as lost to follow-up if no in-
formation was available with the above approaches. A com-
mittee of 2 emergency physicians blinded to the CSRS predic-
tors and the total score independently adjudicated each serious
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outcome, including the time and phase of care during which
itoccurred. Disagreements were resolved by a third physician.

Statistical Analysis

We describe the study patients using means, ranges, and SDs as
appropriate for continuous variables and frequencies with pro-
portion for categorical variables. We compared proportions using
ax?test. Consistent with the derivation phase,® missing electro-
cardiography (ECG) or serum troponin values were imputed as
normal to calculate the total score. For each patient, we calcu-
lated their total score (Table 1), and their risk categorization
(eTable 1in the Supplement), as per the originally derived CSRS.
With the total score as the only predictor in a logistic regression
model, we calculated the calibration slope and constructed a cali-
bration plot. We also calculated the mean observed vs predicted
number of events, and the area under the receiver operating char-
acteristic curve (AUC) with 95% ClIs as a measure of discrimina-
tion. We compared the observed and expected risk at each score
levelin the study cohort. Because of the small number of patients
with higher scores, consistent with the derivation phase, we in-
tegrated scores of 6 or higher. We tested the statistical significance
of the trend in observed proportions of events across the risk
strata using the Cochran-Armitage trend test. We report 2-tailed
tests for statistical significance and considered Pless than .05 as
statistically significant. We conducted sensitivity analysis by per-
forming multiple imputation for the missing troponin values
among study patients. We used SAS, version 9.4 (SAS Institute),
for data analysis. The sample size meets recommendations for
validation studies of prediction tools, namely a minimum of 100
events and a minimum of 100 nonevents.'*16

. |
Results

A total of 4131 patients with syncope were enrolled during the
validation phase (Figure 1). After excluding 160 (3.9%) patients
with serious conditions identified during the index ED evalua-
tion (eTable 3 in the Supplement) and 152 (3.7%) patients who
were lost to follow-up (eTable 4 in the Supplement), 3819 pa-
tients were included in the final analysis, representing 80.5% of
all potentially eligible patients (Table 2; eTable 5 in the Supple-
ment). Of the 3819 patients analyzed, 139 (3.6%; 95% CI, 3.1%-
4.3%) patients experienced 30-day serious outcomes: 107 (2.8%)
patients experienced arrhythmic outcomes, including 9 (0.2%)
patients who died due to an unknown cause; and 32 (0.8%) pa-
tients experienced nonarrhythmic outcomes (eTable 6 in the
Supplement). A total of 13 (0.3%) patients died within 30 days,
and a cause of death was identified among 4 patients; 1 patient
died due to cardiogenic shock, 1 died due to septic shock, and 2
died due to ventricular arrhythmia.

In this validation study, a total of 114 patients (3.0%) did
not have an ECG performed, and 1566 patients (41.0%) did not
have troponin measured during the ED evaluation. These pa-
tients were generally younger and healthier and they rarely
experienced any serious outcomes (eTables 7 and 8 in the
Supplement). Hence, consistent with the derivation phase,®
these missing predictors were imputed as normal. Addition-
ally, 2 patients (0.1%) in the study cohort were excluded from
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Figure 1. Patient Flowchart

13706 Patients screened

8573 Excluded
5848 Not syncope
863 Seizure
457 Refused
389 Prolonged LOC
262 Double enrollments
224 Head trauma leading to LOC
192 Alcohol/drug intoxication
176 Change in mental status
83 Language barrier
69 LWBS
10 Significant trauma

5133 Potentially eligible patients
with syncope

—»‘ 1002 Excluded because they were missed ‘

4131 Patients enrolled ‘

312 Excluded
160 Serious outcome prior to ED disposition
152 Lost to 30-d follow-up

3819 Patients included in final analysis

Abbreviations: ED, emergency department; LOC, loss of consciousness;
LWBS, left without being seen (left before physician assessment).

Table 2. Characteristics, Emergency Department Management,
and Outcomes

Variable No. (%)
No. of patients 3819 (100)
Age, mean (SD) [range], y 53.9(22.8) [16-101]
Female 2088 (54.7)
Arrival by ambulance 2396 (62.7)
Medical history
Hypertension 1113 (29.1)
Diabetes 424 (11.1)
Coronary artery disease 397 (10.4)
Atrial fibrillation or flutter 243 (6.4)
Valvular heart disease 115 (3.0)
Congestive heart failure 90 (2.4)
Management in ED?
Electrocardiography performed 3705 (97.0)
Blood tests performed 3091 (80.9)
Hospitalized 335(8.8)

30-d Serious outcomes after index ED disposition, % 3.6
85(2.2)
54 (1.4)

During index visit hospitalization
After the index visit

Abbreviation: ED, emergency department.

2 Further details regarding ED disposition and postindex ED visit management
based on the Canadian Syncope Risk Score categories are detailed in eTable 5
in the Supplement.

the model performance analysis because the total score could
not be calculated due to missing systolic blood pressure and
neither experienced a 30-day serious outcome.
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Figure 2. Calibration Plot of Expected vs Observed Risk
in the Validation Cohort

1.0+
Intercept 0.00
0.84 Slope 1.00
C statistic (ROC) 0.91
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2
0.6 R
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L 0.4
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0.2 Nonparametric
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0+ 1
i 0
0 0.2 0.4 0.6 0.8 1.0

Expected risk

Vertical lines represent the 95% Cl. The marks on the lower horizontal line
represent the frequency distribution of patients across expected risk
categories. ROC indicates receiver operating characteristic curve.

The AUC for the model during the validation phase was 0.91
(95% CI, 0.88-0.93). The mean observed probability of a 30-day
serious outcome during validation was 3.64% (95% CI, 3.09%-
4.28%) compared with the model-predicted probability of 3.17%
(95% CI, 2.66%-3.77%; P = .26). The calibration plot for the vali-
dation cohort shows a slope of 1.0 for the observed vs the expected
risk for 30-day serious outcomes, and the model calibration line
is very close to the ideal calibration line (Figure 2). The observed
probabilities during the validation phase for each CSRS score level
were comparable with the previously published model-based 30-
day serious outcome predicted probabilities (eFigure 1 in the
Supplement). We conducted a sensitivity analysis by performing
multiple imputation for the missing troponin values among study
patients and found that the results of validation were similar
(estimated outcome probability: 3.24%; 95% CI, 3.07%-3.42%;
observed outcome probability: 3.64%; 95% CI, 3.09%-4.28%;
P =.34; AUC, 0.91; 95% CI, 0.88-0.93).

In this validation study, 3 of 1631 (0.3%) patients at very
low risk and 9 of 1254 (0.7%) patients at low risk experienced
30-day serious outcomes, and this proportion significantly in-
creased to 40 of 78 (51.3%) total patients in the very-high-risk
group (Cochran-Armitage trend test P < .001; Table 3). There
were similar steady significant increases in the subtypes of se-
rious outcomes from the very-low-risk to the very-high-risk
categories. Among medium-risk patients, 40 patients (5.8%)
experienced arrhythmic outcomes and 15 (2.2%) patients non-
arrhythmic outcomes within 30 days of ED disposition. Simi-
larly, in the high-risk and very-high-risk groups, 59 (24.1%) pa-
tients experienced arrhythmic outcomes and 13 (5.3%) patients
nonarrhythmic outcomes. The time of identification of these
serious outcomes among medium-risk, high-risk, and very-high-
risk patients is shown in eFigure 2 in the Supplement. A total of
99 patients in the medium-risk, high-risk, and very-high-risk
groups experienced arrhythmic serious outcomes, of whom 89
(89.9%) patients had them identified within 15 days of the in-
dex ED visit. The 13 patients with ventricular arrhythmia had
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Table 3. Thirty-Day Serious Outcomes for Each Canadian Syncope Risk Score Category During the Validation Phase

Arrhythmic outcomes® Outcomes®

No. of Death from AUy
Risk level patients All deaths® unknown cause Ventricular Nonventricular Nonarrhythmic  All
Total 3817 13(0.3) 9(0.2) 13(0.3) 85(2.2) 32(0.8) 139 (3.6)
Very low 1631 0 0 0 2(0.1) 1(0.1) 3(0.2)
Low 1254 0 0 0 6(0.5) 3(0.2) 9(0.7)
Medium 687 1(0.1) 0 6(0.9) 34 (4.9) 15(2.2) 55(8.0)
High 167 5(3.0) 4(2.4) 2(1.2) 20(12.0) 6(3.6) 32(19.2)
Very high 78 7 (9.0) 5(6.4) 5(6.4) 23 (29.5) 7(9.0) 40 (51.3)

@ Statistically significant difference (Cochran-Armitage trend test, P < .001) in overall proportion of patients with each outcome and for each outcome type

among the Canadian Syncope Risk Score categories.

them identified within 9 days of the index ED visit. The sensi-
tivities and specificities for each threshold total score for the vali-
dation phase data are detailed in eTable 9 in the Supplement.
At a threshold score of -1, including 2145 of 3819 patients, the
CSRS performed with a sensitivity of 97.8% (95% CI, 93.8%-
99.6%) and a specificity of 44.3% (95% CI, 42.7%-45.9%).
Among those who were lost to 30-day follow-up, based on
the CSRSrisk categorization, we designated a proportion of pa-
tients as having experienced a 30-day serious outcome
(eTable 4 in the Supplement). We found that the model still
performed well with an AUC at 0.91 (95% CI, 0.89-0.93).

|
Discussion

In this prospective multicenter study, we validated the CSRS on
anew cohort of patients with syncope treated in an ED and con-
firmed the accurate model performance characteristics of the
original decision tool. The results showed that less than 1% of
very-low-risk and low-risk patients, approximately 20% of high-
risk patients, and 50% of very-high-risk CSRS patients experi-
enced 30-day serious outcomes. Such robust risk classification
in conjunction with our 2019 report on ECG monitoring'” offers
short-term prognostic information to clinicians that may be trans-
lated into meaningful clinical management options.

The present study found that the short-term serious mor-
bidity and mortality for ED syncope was very low, with 0.3%
risk for each of 30-day mortality and ventricular arrhythmia,
as previously reported.>° Three-quarters of patients in this vali-
dation study were designated as being at very low or low risk
and fewer than 1% experienced a 30-day serious outcome. Ad-
ditionally, none of the patients in these categories died or ex-
perienced ventricular arrhythmia. Hence, we believe that these
patients can be discharged quickly after ED evaluation.

Overall, a low proportion (2.2%) of medium-risk patients
experienced nonarrhythmic serious outcomes within 30 days,
approximately 0.5% per day in the first 4 days, after which the
incidence was negligible. Given such low probability, discharg-
ing these patients with clear instructions to watch for symp-
toms that indicate evolution of serious conditions might be a
reasonable management option. There was a very small risk
(0.1%) of mortality among the medium-risk group, and this was
lower than the accepted risk for discharge of patients with
pneumonia.'® We recognize that clinicians in risk-averse set-
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tings owing to medicolegal considerations or patient expec-
tations may choose a brief period of observation using a shared
decision-making approach. A short course of hospitalization
is a reasonable option for the higher-risk groups.

Three tools, the San Francisco Syncope Rule (SFSR), Short-
Term Prognosis of Syncope, and Risk Stratification of Syn-
copein the ED (ROSE), have been previously published to risk
stratify patients with syncope in the ED for short-term seri-
ous outcomes.'®2! The SFSR performed poorly on external
validation.>%-22:23 To our knowledge, the Short-Term Prog-
nosis of Syncope tool has not been validated and the ROSE re-
quires B-type natriuretic peptide (BNP) measurements.2%2! All
3 tools included patients with serious outcomes clearly evi-
dent on ED presentation, which may introduce bias toward
identification of the obvious, and their application does not
lead to clear clinical management options.*

A 2019 multicenter study compared the prognostic per-
formance of 4 biomarkers, BNP, N-terminal pro-BNP, and high-
sensitivity cardiac troponin I and T levels, against the ROSE,
SFSR, CSRS, and Osservatorio Epidemiologico sulla Sincope nel
Lazio risk tools, to predict major adverse cardiac events.?*2>
This study as part of its secondary objective externally vali-
dated the CSRS among patients older than 45 years with syn-
cope in 8 countries and reported an AUC of 0.88.

Given the large number of study patients involving multiple
sites, we believe that our results are generalizable. Our valida-
tion study adheres to the reporting requirements outlined in the
TRIPOD and Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guidelines.!%-26
Given that syncope management is complex, the CSRS is able
to risk stratify patients for management decision-making as
recommended by the national professional medical societies.®®

Limitations

This study has several limitations. As many as 20% of potentially
eligible patients were not enrolled. This is likely an overestima-
tion, as true eligibility for some of these patients could not be as-
certained from the medical records and uncertain cases were clas-
sified as missed. There were no obvious systematic reasons for
failure to enroll these patients. It is possible these patients were
at very lowrisk and were discharged quickly before screening or
the emergency physician was too busy with sicker patients to
complete the data collection form. However, the demographic
characteristics (mean [SD] age, 55.3[22.8] years; sex, 563 0f 1002,
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56.2%, female) of these patients were similar to those of the en-
rolled cohort. In the present study, although the treating physi-
cian collecting the data did not have the estimated risk of 30-day
serious outcomes on the data collection form, it is possible that
the score influenced ordering of investigations and disposition
decisions. However, while the proportion hospitalized and those
who had loop monitoring increased with the CSRS risk, we did not
find similar increases in other outpatient work-up (eTable 5in the
Supplement). In this validation cohort of 3819 patients, 114 (3.0%)
patients were missing ECG predictors and 1566 (41.0%) were miss-
ing troponin predictors.The proportion of patients with the 2 miss-
ing predictors was similar to that in the derivation phase:® of 4030
patients, 196 (4.9%) were missing ECG predictors and 2101 (52.1%)
were missing troponin predictors and, following the same ana-
lytical plan as the derivation phase, these missing predictors were
imputed as normal. The patients with these missing predictors
were younger, with low prevalence of comorbidities, and very few
experienced 30-day serious outcomes. Hence, it is likely that phy-
sicians elected not to perform these tests. A sensitivity analysis
imputing the missing troponin values among study patients did
not change the results of the study. Apart from the troponin and
ECG predictors, there were only 2 patients (0.1%) for whom the
total score could not be calculated because of missing predictors,
and neither patient experienced a 30-day serious outcome.
Among those enrolled, 3.7% had incomplete 30-day follow-up
(eTable 3in the Supplement). They appear to be at lower risk and,
hence, are unlikely to have experienced 30-day serious outcomes.
Our outcome assessment process did confirm that those lost to
follow-up were unlikely to have experienced 30-day mortality.
Given the very small number of patients with missing predictors
and incomplete follow-up, the missing data are unlikely to have
influenced the study results. A sensitivity analysis including those
lost to follow-up and designating 30-day outcomes based on CSRS
risk category showed the CSRS still performed with robust dis-
crimination. The tool includes the physician diagnostic impres-
sion predictor, which we have shown previously to be reliable and
powerful.?” However, as the present study was conducted in aca-
demic EDs, the tools’ accuracy in nonacademic settings is un-
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known. A 2018 study?® with 1490 patients enrolled in 8 countries
showed that risk tools that do not incorporate physician diagnos-
ticimpression performed poorly and advocated for incorporation
of diagnosticimpression in tools for improved performance. Ad-
ditionally, this validation study was limited to Canadian sites, and
some of these sites were also part of the derivation phase. A 2019
independent international multicenter study?* that externally
validated the CSRS among patients 40 years or older with syncope
at 13 EDs in 8 countries reported excellent discrimination abili-
ties for the score. However, the primary objective of this study was
to assess the prognostic ability of 4 biomarkers, BNP, N-terminal
pro-BNP, and high-sensitivity cardiac troponinIand T levels, and
the CSRS validation was an incidental result. Consequently, this
study did not report the essential validation results, such as cali-
bration, sensitivity, or specificity, nor the associated risk nor clini-
cal management options for the CSRS risk categories.

In summary, we believe that patients with serious conditions
identified during index ED evaluation need appropriate manage-
ment, and those strongly suspected to have such conditions be-
cause of unstable vital signs or clinical symptoms will need hos-
pitalization for further diagnostic testing and/or monitoring. We
envision that the CSRS will be applied at the end of ED evaluation
to guide disposition decisions for the remaining patients.

. |
Conclusions

Results of this large multicenter prospective study demon-
strated an apparent successful validation of the CSRS to risk
stratify patients with syncope presenting to the ED. The ap-
plication of the CSRS may aid in accurate short-term risk strati-
fication after acute syncope ED evaluation. Based on the study
results, we recommend that patients with very-low-risk and
low-risk CSRS be discharged, patients at medium risk be in-
volved in a shared decision approach regarding disposition, and
patients at high risk be hospitalized for a short course. We be-
lieve that implementation of the CSRS will improve patient
safety and reduce health care resource use.
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