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Study objective: Older adults with syncope are commonly treated in the emergency department (ED). We seek to derive a novel
risk-stratification tool to predict 30-day serious cardiac outcomes.

Methods: We performed a prospective, observational study of older adults (�60 years) with unexplained syncope or near
syncope who presented to 11 EDs in the United States. Patients with a serious diagnosis identified in the ED were excluded.
We collected clinical and laboratory data on all patients. Our primary outcome was 30-day all-cause mortality or serious
cardiac outcome.

Results: We enrolled 3,177 older adults with unexplained syncope or near syncope between April 2013 and September 2016.
Mean age was 73 years (SD 9.0 years). The incidence of the primary outcome was 5.7% (95% confidence interval [CI] 4.9% to
6.5%). Using Bayesian logistic regression, we derived the FAINT score: history of heart failure, history of cardiac arrhythmia, initial
abnormal ECG result, elevated pro B-type natriuretic peptide, and elevated high-sensitivity troponin T. A FAINT score of 0 versus
greater than or equal to 1 had sensitivity of 96.7% (95% CI 92.9% to 98.8%) and specificity 22.2% (95% CI 20.7% to 23.8%),
respectively. The FAINT score tended to be more accurate than unstructured physician judgment: area under the curve 0.704
(95% CI 0.669 to 0.739) versus 0.630 (95% CI 0.589 to 0.670).

Conclusion: Among older adults with syncope or near syncope of potential cardiac cause, a FAINT score of zero had a reasonably
high sensitivity for excluding death and serious cardiac outcomes at 30 days. If externally validated, this tool could improve
resource use for this common condition. [Ann Emerg Med. 2020;75:147-158.]
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INTRODUCTION
Background

Emergency department (ED) visits for syncope
(transient loss of consciousness) in the United States are
common1 and increasing yearly,2 resulting in greater than
$2.4 billion in annual hospital costs.3 Because of the wide
range of potential serious causes, particularly in older
adults, the clinical management and disposition of these
patients is often challenging.4
2 : February 2020
Importance
The quest for an accurate risk-stratification tool has been

the holy grail of syncope research for the last 2 decades.5-14

Despite these efforts, significant uncertainty remains in
regard to which patients with syncope can be safely
discharged from the ED.7,15,16 None of the published risk-
stratification rules have gained widespread adoption, largely
because of small sample sizes, failure of external validation,
or lack of face validity.7,17-22 Moreover, these tools have
not been compared with unstructured physician
judgment,16 a necessary comparison before investment in
implementation efforts.23
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Editor’s Capsule Summary

What is already known on this topic
Syncope is a common reason for emergency
department visits. Identifying who can be safely
discharged remains a challenge, particularly with
older patients.

What question this study addressed
Among older patients with syncope or near syncope,
what characteristics identify patients at high risk for
30-day mortality or serious cardiac outcome?

What this study adds to our knowledge
In a sample of 3,177 patients aged 60 years and older,
history of heart failure, abnormal ECG result, history
of arrhythmia, elevated B-type natriuretic peptide
level, and elevated troponin level defined the FAINT
score, with a sensitivity of 96.7% (95% confidence
interval 92.9% to 98.8%) and specificity of 22.2%
(95% confidence interval 20.7% to 23.8%) for
predicting death or serious cardiac outcome at 30
days.

How this is relevant to clinical practice
External validation and comparison with clinician
gestalt and other prediction tools are needed to
determine the value of this tool as well as the value of
routine biomarker testing for older adults with
syncope.
Approximately 30% of patients presenting to the ED
with syncope are hospitalized1,2; for older adults (�60
years), it is greater than 50%.24 If a serious diagnosis is
found in the ED, these patients may be hospitalized for
specific therapeutic reasons (eg, pacemaker insertion, blood
transfusion). However, many older adults with syncope,
despite having an unremarkable ED evaluation result, are
still admitted to inpatient or observation units solely for
observation or further testing.2,25,26 These diagnostic
admissions are costly3 and may be of little to no clinical
benefit.27-30 An accurate, easy-to-use, syncope risk-
stratification tool focused on older adults could help
decrease low-yield hospitalizations and diagnostic testing
while maintaining patient safety.

Goals of This Investigation
Using a large sample size and Bayesian methodology, we

sought to derive a novel clinical risk-stratification tool to
predict 30-day all-cause mortality and serious cardiac
outcomes in older adults with unexplained syncope or near
Annals of Emergency Medicine
syncope of potential cardiac cause. If externally validated in
a new data set, such a tool could guide the ED clinical
management and disposition of these patients to optimize
resource use and improve clinical outcomes.
MATERIALS AND METHODS
Study Design and Setting

We conducted a multicenter, prospective, observational
study of older adults who presented to an ED with syncope
or near syncope. The study was conducted at 11 academic
EDs, all located in nonprofit hospitals, across the United
States (Table E1, available online at http://www.
annemergmed.com), recruiting a diverse patient population
from April 28, 2013, to September 21, 2016. Ten out of
11 of the EDs were teaching hospitals with a trauma center;
ED volume ranged from 47,000 to 120,000 visits per year.
The institutional review boards at each site approved the
study and study staff obtained written, informed consent
from all participating subjects or their legally authorized
representatives.

Selection of Participants
Our inclusion criteria were aged 60 years or older with

an ED complaint of syncope or near syncope. Syncope was
defined as transient loss of consciousness, associated with
postural loss of tone, with immediate, spontaneous, and
complete recovery. Near syncope was defined as the
sensation of impending loss of consciousness without actual
loss of it. We excluded patients if their symptoms were
thought to be due to intoxication, seizure, stroke, transient
ischemic attack, head trauma, or hypoglycemia. Additional
exclusion criteria were the need for medical intervention to
restore consciousness (eg, defibrillation), new or worsening
confusion, and inability to obtain informed consent from
the patient or a legally authorized representative.

For this analysis, we also excluded all patients who had a
new serious diagnosis identified in the ED: death,
significant cardiac arrhythmia, myocardial infarction,
significant structural heart disease, stroke, pulmonary
embolism, aortic dissection, hemorrhage or anemia
requiring blood transfusion, subarachnoid hemorrhage,
cardiopulmonary resuscitation, or major traumatic injury
(Table E2, available online at http://www.annemergmed.
com). We identified serious diagnoses through ED chart
review performed by trained research assistants and
confirmed by the local physician site investigator.

Methods of Measurement
All patients underwent standardized history, physical

examination, cardiac biomarker testing, and 12-lead ECG
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testing. Any additional diagnostic testing was performed at
the discretion of the treating providers, and availability of
diagnostic testing was similar across sites. Trained research
assistants screened for eligible patients by using standard
definitions, approached potential subjects, collected data
variables consistent with reporting guidelines for ED-based
syncope research,31 and directly questioned patients about
symptoms associated with the syncopal or near-syncopal
episode. Research assistants prospectively collected data on
the patients’ medical history, medications, and physical
examination by querying treating ED providers. A
subsample of data was collected a second time by another
provider who was blinded to the first evaluation to allow
assessment of interrater agreement with a k statistic.

Research staff obtained blood samples for testing at a
core laboratory (University of Rochester, Rochester, NY).
Two assays were performed with the Roche Elecsys
platform: N-terminal pro B-type natriuretic peptide (NT-
proBNP) and the fifth-generation high-sensitivity cardiac
troponin T (hs-cTnT). NT-proBNP was classified as
abnormal above a cutoff of 125 pg/mL and hs-cTnT was
classified as abnormal above the 99th percentile for a
reference population (ie, 19 ng/L). Core laboratory results
for NT-proBNP and hs-cTnT were not available at the ED
evaluation; however, the ED providers were free to order
local B-type natriuretic peptide and troponin testing. We
abstracted objective quantitative data, such as age, vital
signs, and laboratory test results, from the electronic
medical record. The first obtained ECG was abstracted by
1 of 5 research study physicians blinded to all clinical data.
Research study physicians demonstrated high interrater
reliability (k>0.80) in distinguishing normal from
abnormal ECGs in a training set of 50 ECGs. Abnormal
ECG interpretations included nonsinus rhythms (including
paced rhythms), multiple premature ventricular complexes,
sinus bradycardias (�40 beats/min), ventricular
hypertrophies, short PR-segment intervals (<100 ms), axis
deviations, first-degree blocks (>200 ms), complete bundle
branch blocks, Brugada’s patterns, Wolff-Parkinson-
White’s patterns, abnormal QRS-interval duration (>120
ms) or abnormal QTc-interval prolongations (>450 ms),
and Q/ST/T-segment abnormalities suggestive of acute or
chronic ischemia. The disposition of the patients
(admission versus observation versus discharge) was decided
by the treating providers in accordance with usual care.

To compare our final risk score with unaided physician
gestalt,32 we also prospectively collected unstructured
physician risk assessment by asking the treating ED
attending physician to estimate the probability that the
patient would experience cardiac death or serious cardiac
event at 30 days (0% to 100%).
Volume 75, no. 2 : February 2020
Outcome Measures
Our primary outcome was 30-day all-cause death or

serious cardiac outcome. Serious cardiac outcomes included
significant cardiac arrhythmia, myocardial infarction, new
diagnosis of significant structural heart disease, or cardiac
intervention. Significant cardiac arrhythmias included
ventricular fibrillation, ventricular tachycardia, sick sinus
disease, Mobitz II atrioventricular heart block, complete
heart block, symptomatic supraventricular tachycardia,
symptomatic bradycardia, and pacemaker malfunction.
Structural heart disease included aortic stenosis with valve
area less than or equal to 1 cm2, hypertrophic
cardiomyopathy with outflow tract obstruction, severe
pulmonary artery hypertension (mean arterial pressure >30
mm Hg), left atrial myxoma or thrombus with protrusion,
and outflow tract obstruction. Cardiac interventions were
defined as placement of a pacemaker or automated internal
cardiac defibrillator, coronary artery bypass graft,
percutaneous transluminal coronary angioplasty, or other
invasive cardiac surgery. These outcomes are consistent
with standardized research reporting and clinical
management guidelines.15,31

We determined occurrence of the primary outcome by
using data collected through a review of the electronic
medical records, conducted by local research staff, as well
as telephone calls to enrolled patients at 30 days to
identify out-of-hospital deaths, ED visits, and
hospitalizations that occurred outside the study sites. To
minimize outcome bias, research assistants performing
chart review were blinded to the clinical outcomes
determined by telephone follow-up at 30 days. Multiple
strategies were used to maximize follow-up rates,
including patient incentives, electronic follow-up
tracking, real-time confirmation of telephone numbers,
and continuing performance monitoring, as previously
described.33 If a patient or his or her authorized
representative reported an ED or hospital visit that
occurred outside of the study site, then we obtained and
reviewed the medical charts associated with those visits. If
research staff were unable to contact a patient at 30 days,
we queried the Social Security Death Index Master File
16 months after enrollment completion.

To assess interrater reliability of chart review, records for
the first 5 sequentially enrolled patients at each of the 10
external sites (excluding the coordinating center) were
independently reviewed by local research staff and the
coordinating center. The number of charts chosen (50) for
this training set was limited by availability of research staff
resources. All 10 serious ED diagnoses and 30-day serious
outcomes in the training set were identified by local site
reviewers.
Annals of Emergency Medicine 149
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We identified candidate predictors by using a previously
published systematic review and meta-analysis of the
existing syncope risk-stratification literature.34 We then
performed a Bayesian meta-analysis allowing the possibility
of exact zero effects. We excluded variables that the
Bayesian meta-analysis found to have little chance of being
predictive of a serious cardiac outcome (eg, co-occurring
palpitations, history of stroke, syncope occurring while the
patient was supine) and variables deemed irrelevant by
expert physician judgment (eg, Hispanic ethnicity). This
left 13 variables: age, sex, hypotension, dyspnea, abnormal
ECG result, history of heart disease, history of arrhythmia,
history of heart failure, low hematocrit level (<30%),
elevated hs-cTnT level, elevated NT-proBNP level,
elevated blood urea nitrogen level, and elevated creatinine
level. More detailed descriptions of the selection of
candidate predictors can be found in Appendix E1
(available online at http://www.annemergmed.com).
Primary Data Analysis
Using the 13 candidate variables as predictors, we fit a

Bayesian logistic regression to the primary outcome
variable. We chose to use a Bayesian approach over a
conventional frequentist analysis because the former allows
the incorporation of previously reported empirical data
pertaining to syncope risk stratification.35,36 In particular,
the Bayesian approach allowed us to incorporate both
shrinkage and variable selection through choice of prior and
also incorporated a component that performed multiple
imputation of missing predictors. This model was fit to the
entire data set. Complete details of the model are given in
Appendix E1 (available online at http://www.
annemergmed.com). Interrater agreement was assessed with
a k statistic with 95% confidence intervals (CIs), using
normal approximation methods.

Five variables were identified as having a high
probability of being predictive of a serious cardiac outcome.
We fit the same Bayesian logistic model with selection/
shrinkage priors and multiple imputation using just these 5
variables to ensure all 5 remained important in the absence
of the excluded variables. With this final subset of 5
important variables, we performed Bayesian logistic
regression with shrinkage but without model selection to
obtain our final model.

We created the final syncope risk score by dividing
posterior means of all regression coefficients by the
smallest posterior mean and rounding to the nearest
integer, as has been done for other health-related risk
scores.37 For each score cutoff, we calculated sensitivity,
specificity, positive predictive value, and negative
150 Annals of Emergency Medicine
predictive value, with 95% CI, using the exact binomial
method. To account for overoptimism of the internal
results, we performed cross validation on the entire model
selection and score creation procedure to obtain cross-
validated estimates for sensitivity, specificity, positive
predictive value, and negative predictive value. A c statistic
and positive and negative likelihood ratios were calculated
for a risk-score cutoff of zero. We assessed the calibration
of the model by comparing the observed versus expected
risk at each level of the score, as well as the Hosmer-
Lemeshow goodness-of-fit statistic. We compared the
predictive accuracy of the risk score with unstructured
physician judgment, using the area under the receiver
operating characteristic (ROC) curve with 95% CIs, as
done in previous studies.38,39 Finally, we assessed the net
reclassification improvement statistic by comparing the
performance of the final risk score with the disposition
decision made by the treating physician. This was
calculated by taking the percentage of correctly reclassified
patients and subtracting the percentage of incorrectly
reclassified ones. Correctly reclassified patients were
defined as those who were risk-score positive, had a
serious outcome, and yet were discharged by the treating
physician (ie, inappropriate discharge), and those who
were risk-score negative, had no serious outcome, and yet
were admitted by the treating physician (ie, unnecessary
admission/observation unit stay). Incorrectly reclassified
patients were defined as those who were risk-score
positive, had no serious outcome, and were discharged by
the treating physician, and those who were risk-score
negative, had a serious outcome, and were admitted by the
treating physician.
RESULTS
Characteristics of Study Subjects

Between April 2013 and September 2016, there were
6,930 eligible patients screened, of whom 3,686 (53.2%)
consented to participate in the study (Figure 1). Of patients
who consented, 396 were excluded from this analysis for a
serious diagnosis found during the ED visit (10.7%), 103
(2.8%) were lost to follow-up, and 10 (0.3%) were
withdrawn, leaving 3,177 with complete follow-up data at
30 days. The mean age of the study sample was 72.7 years
(SD 8.97), 50.6% were men, and 82.9% reported white
race. The majority of patients experienced syncope
(n¼1,965, 61.9%), whereas the remainder (38.1%) had
near syncope. Slightly greater than half of patients (53.3%)
had an abnormal initial ECG result, and 29.3% had an
elevated hs-cTnT level. See Table 1 for further baseline
characteristics.
Volume 75, no. 2 : February 2020
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Screened
n = 10,306

Eligible
n = 6,930

Consented
n = 3,686

Base Cohort
n = 3,573

Final Cohort
n = 3,177

Not Eligible: 
n = 3,376

Not Enrolled: n = 3,244
• 2,486 Patient refusal
• 124 RA unavailable
• 96 Provider request
• 16 Principal Investigator withdrawal
• 522 Other

Withdrawn from study
n = 10

Lost to follow-up
n = 103

Any serious outcome 
identified during ED visit

n = 396

Figure 1. Patient flow diagram. RA, Research assistant.
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By 30 days after the index ED visit, 180 patients (5.7%)
had experienced the primary outcome; 65 of them
experienced an event after discharge. The most common
outcome was a serious cardiac arrhythmia (n¼94/180,
52.2%), of which symptomatic supraventricular
tachycardia was the most common (n¼35/180, 19.4%).
Overall mortality at 30 days was 0.82% (26/3,177).
Further data on 30-day serious outcomes are presented in
Table 2. Missing data for predictor variables ranged from
0% to 7.6% for predictor variable (hs-cTnT 7.6%, NT-
proBNP 4.9%, and dyspnea 2.2%). After multiple
imputation, all 3,177 subjects were included in the analysis.

Main Results
Our model selection process, using Bayesian logistic

regression, resulted in 5 variables’ being significantly
associated with the primary outcome: history of heart
failure, history of cardiac arrhythmia, abnormal initial ECG
result, elevated NT-proBNP level, and elevated hs-cTnT
level. The odds ratios and corresponding CIs are presented
in Table 3. These 5 variables make up the FAINT score
(failure, arrhythmia, initial ECG result abnormal, abnormal
natriuretic peptide level, and abnormal high-sensitivity
Volume 75, no. 2 : February 2020
troponin level). The k statistic was good for all 3 of the
nonnumeric variables, heart failure 0.70 (95% CI 0.55 to
0.85), arrhythmia 0.77 (95% CI 0.66 to 0.87), and
abnormal ECG result 0.65 (95% CI 0.55 to 0.74). An
older adult with unexplained syncope or near syncope
would be considered at low risk if none of the 5 FAINT
variables were present during the ED evaluation (ie, a
FAINT score of zero). The sensitivity, specificity, and
positive and negative predictive values of a FAINT score of
more than zero were 96.7%, 22.2%, 6.9%, and 99.1%,
respectively (Table 4). The risk of death or serious cardiac
outcome at 30 days for a patient with a FAINT score of
zero was 0.9% (95% CI 0.3% to 1.9%) and 6.9% (95%
CI 6% to 8%) if the score was greater than zero. The
positive and negative likelihood ratios for a FAINT score of
1 or more were 1.24 (95% CI 1.156 to 1.336) and 0.15
(95% CI 0.068 to 0.329), respectively.

We modified the regression coefficients to obtain the
point score associated with each variable, which resulted in
point value of þ2 for elevated NT-proBNP and þ1 for all
others. Total FAINT scores ranged from 0 to 6. Our model
was well calibrated, demonstrating good agreement
between observed and predicted risk at various score levels
Annals of Emergency Medicine 151



Table 1. Characteristics of older adults presenting to the ED with syncope or near syncope.

Variable
Overall

(N[3,177)
With Serious Outcome
at 30 Days (n[180)

No Serious Outcome
at 30 Days (n[2,997)

Missing Data,
No. (%)

Age, mean (SD), y 72.74 (8.97) 73.52 (9.14) 72.69 (8.96) 0

Age category, No. (%) 0

60–<70 1,384 (43.6) 70 (38.9) 1,314 (43.8)

70–<80 1,013 (31.9) 61 (33.9) 952 (31.8)

80–<90 643 (20.2) 39 (21.7) 604 (20.2)

�90 137 (4.3) 10 (5.6) 127 (4.2)

Sex, men 1,608 (50.6) 103 (57.2) 1,505 (50.2)

Race 19 (0.6)

White 2,618 (82.9) 151 (83.9) 2,467 (82.8)

Black 442 (14.0) 25 (13.9) 417 (14.0)

Other 98 (3.1) 4 (2.2) 94 (3.2)

Near syncope 1,212 (38.1) 67 (37.2) 1,145 (38.2)

Syncope 1,965 (61.9) 113 (62.8) 1,852 (61.8)

Medical history

Congestive heart failure 376 (11.8) 45 (25.0) 331 (11.1) 3 (0.1)

Coronary artery disease 847 (26.7) 68 (37.8) 779 (26.0) 3 (0.1)

Arrhythmia 630 (19.8) 63 (35.0) 567 (18.9) 3 (0.1)

Dyspnea 617 (19.9) 44 (25.3) 573 (19.5) 71 (2.2)

Chest discomfort 268 (8.4) 20 (11.1) 248 (8.3) 0

Hypotension 313 (9.9) 26 (14.5) 287 (9.6) 20 (0.6)

Abnormal ECG 1,665 (53.3) 128 (72.7) 1,537 (52.1) 51 (1.6)

Physician risk assessment, mean (IQR) 5.0 (2.0–10.0) 8.0 (5.0–15.0) 5.0 (2.0–10.0) 90 (2.8)

Cardiac biomarkers

NT-proBNP >125 pg/mL 1,928 (63.8) 152 (87.4) 1,776 (62.4) 156 (4.9)

NT-proBNP, median (IQR) 213.0 (82.0–661.0) 874.0 (227.5–1,846.5) 200.0 (80.0–597.0)

hs troponin T >19 ng/L 863 (29.4) 90 (53.3) 773 (27.9) 240 (7.6)

hs troponin T, median (IQR) 11.0 (6.0–22.0) 21.0 (11.0–41.0) 11.0 (6.0–21.0)

IQR, Interquartile range; hs, high-sensitivity.
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(Figure 2A and B). Adequacy of calibration was confirmed
by a nonsignificant Hosmer-Lemeshow goodness-of-fit
statistic (c2¼6.21; 3 df; P¼.10).

The test characteristics for each level of the FAINT score
(0 to 6) are presented in Table 4. Results of our cross
validation are presented in Table E3 (available online at
http://www.annemergmed.com) and discussed in
Appendix E1, section 5 (available online at http://www.
annemergmed.com). The FAINT score had a significantly
better area under the curve statistic (0.704; 95% CI 0.669
to 0.739) compared with that of unstructured physician
risk assessment (0.630; 95% CI 0.589 to 0.670) (DeLong’s
test for 2 correlated ROC curves, Z¼3.13, P¼.002). The
ROC curves are presented in Figure 3. Accounting for the
optimism of internal validation, the cross-validated c
statistic of the FAINT score was 0.653 (95% CI 0.534 to
152 Annals of Emergency Medicine
0.765). The total number of correctly reclassified patients
was 466: 11 who were FAINT score positive, with a serious
outcome, but discharged, and 455 who were FAINT score
negative, without a serious outcome, but were hospitalized
by the treating physician. The total number of incorrectly
reclassified patients was 456, 450 who were FAINT score
positive, without a serious outcome and were discharged,
and 6 who were FAINT score negative, with a serious
outcome, and were admitted by the treating physician. The
percentage of correctly and incorrectly reclassified patients
was 466 of 3,174 (14.68%) and 456 of 3,174 (14.37%),
respectively, for a net reclassification improvement of
0.31% favoring the FAINT score (not significant; P¼.33).

The FAINT score failed to predict the serious outcomes
of 6 patients: complete heart block leading to insertion of a
pacemaker, structural heart disease, percutaneous
Volume 75, no. 2 : February 2020
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Table 2. All-cause death and serious cardiac outcomes at 30
days.

Outcome Variable Overall Postdischarge Inhospital

Any 30-day serious outcome 180 56 124*

30-day death 26 24 2

Serious cardiac arrhythmias

Any cardiac arrhythmia 94 24 70

Ventricular fibrillation 3 1 2

Ventricular tachycardia

(>30 s)

10 2 8

Symptomatic ventricular

tachycardia (<30 s)

3 1 2

Sick sinus disease with

alternating sinus

bradycardia and

tachycardia

14 3 11

Sinus pause >3 s 4 0 4

Mobitz II atrioventricular

heart block

5 3 2

Complete heart block 8 2 6

Symptomatic

supraventricular

tachycardia

35 9 26

Symptomatic bradycardia 11 3 8

Pacemaker or AICD

malfunction with cardiac

pauses

1 0 1

Cardiac intervention

Any 74 22 52

Pacemaker 36 10 26

AICD 9 2 7

CABG 8 4 4

PTCA 11 4 7

Other 10 2 8

Other serious outcomes

Myocardial infarction 24 9 15

New diagnosis of structural

heart disease

26 3 23

AICD, Automated implantable cardioverter-defibrillator; CABG, coronary artery bypass
graft; PTCA, percutaneous transluminal coronary angioplasty.
*Nine patients had events both inhospital and postdischarge; these were counted in
the “inhospital” column.

Table 3. Results of Bayesian logistic regression (FAINT score).

Predictor Point Score Odds Ratio 95% CI

F: history of heart failure 1 1.59 (1.09–2.27)

A: history of arrhythmia 1 1.55 (1.10–2.14)

I: initial ECG result abnormal 1 1.58 (1.11–2.26)

N: elevated NT-proBNP 2 2.54 (1.58–4.13)

T: elevated hs-troponin T 1 1.85 (1.32–2.59)

Probst et al The FAINT Score
transluminal coronary angioplasty, symptomatic
bradycardia, sick sinus syndrome leading to the insertion of
a pacemaker, and death. Conversely, the FAINT score
would have identified 11 patients who were not admitted
to the hospital as being at high risk; these outcomes were 2
cases of symptomatic bradycardia, 2 cases of myocardial
infarction, a case of ventricular tachycardia and coronary
Volume 75, no. 2 : February 2020
artery bypass graft, a pacemaker insertion, a coronary artery
bypass graft, and 4 deaths (Table E4, available online at
http://www.annemergmed.com).
LIMITATIONS
Because we did not enroll patients younger than 60

years, the FAINT score was not designed to be applied to
adults younger than this cutoff age, which may limit its
clinical utility. In light of the high patient refusal rate and
low enrollment rate (53.2%), it is possible that sampling
bias occurred. Our score requires the use of 2 assays that
may not be readily available in all EDs (hs-cTnT and NT-
proBNP), which may limit its use in such clinical settings.
Our score would likely exhibit decreased sensitivity if used
with a contemporary troponin assay. Our data apply only
to the specific brand of these cardiac biomarkers (Roche
Elecsys) and our result may not hold true with other
commercially available high-sensitivity troponin assays (eg,
those manufactured by Abbott, Beckman, Siemens). These
various assays have different limits of detection and
imprecisions at the 99th percentile.40 However, we
anticipate that high-sensitivity troponin assay will become
increasingly common in the United States.41,42

Substituting a conventional B-type natriuretic peptide assay
for the NT-proBNP assay could be considered reasonable
in EDs where only the former is available.43,44 Our
composite primary outcome included diagnoses with a
wide range of severity, from atrial fibrillation to death.
When applying this score, clinicians should remember that
certain diagnoses may be less serious and time sensitive
than others. Although we did perform an internal cross
validation, an external validation was not within the scope
of this project. We intend to pursue such a study to validate
this score in a distinct population of ED syncope patients.
Although the specificity and positive likelihood ratio of a
FAINT score above zero are not markedly high, the
purpose of this score is primarily to rule out serious cardiac
outcomes and was derived with this objective in mind.
Clinicians should focus on the high sensitivity and low
negative likelihood ratio of this score.
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Table 4. Test characteristics of the FAINT score to predict serious clinical outcomes at 30 days.*

Score No. of Patients No. of Bad Outcomes Estimated Risk, % Sensitivity Specificity PPV NPV

0 672 6 0.9 NA NA NA NA

1 447 14 3.1 0.97 (0.93–0.99) 0.22 (0.21–0.24) 0.07 (0.06–0.08) 0.99 (0.98–1.00)

2 499 18 3.6 0.89 (0.83–0.93) 0.37 (0.35–0.38) 0.08 (0.07–0.09) 0.98 (0.97–0.99)

3 684 45 6.6 0.79 (0.72–0.85) 0.53 (0.51–0.55) 0.09 (0.08–0.12) 0.98 (0.97–0.98)

4 561 59 10.5 0.54 (0.46–0.61) 0.74 (0.72–0.76) 0.11 (0.09–0.13) 0.96 (0.96–0.97)

5 235 19 8.1 0.21 (0.15–0.28) 0.91 (0.90–0.92) 0.12 (0.09–0.16) 0.95 (0.94–0.96)

6 79 19 24.1 0.12 (0.07–0.16) 0.98 (0.97–0.99) 0.24 (0.15–0.35) 0.95 (0.94–0.96)

Total 3,177 180

PPV, Positive predictive value; NPV, negative predictive value; NA, not applicable.
*Sensitivity, specificity, PPV, and NPV were calculated by defining “at risk” as having that score or greater (eg, score �1 gives sensitivity¼0.967).

The FAINT Score Probst et al
DISCUSSION
Using prospectively collected data from a large,

multicenter sample of older adults presenting to the ED
with syncope or near syncope, we were able to derive an
objective, 5-variable, syncope risk score to predict the
occurrence of serious cardiac outcomes at 30 days. This
tool, if externally validated, could be used as a “one-way
rule”45 to guide clinical management for these patients by
empowering clinicians to discharge low-risk patients
(FAINT score¼0) and consider further testing or
observation for nonlow-risk patients (FAINT score �1).

The FAINT score differs from previous syncope risk-
stratification tools in the following 5 important ways. First,
it was developed with the subset of syncope patients for
whom resource use is greatest, those aged 60 years or older,
whereas other tools have been developed with samples that
included adolescents and adults of all ages.6,8-11
A B

Figure 2. Observed versu
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Adolescents and young adults (<30 years) with syncope are
at much lower risk for serious cardiac outcomes than
middle-aged or older adults, and often have different causes
of their syncope.15,25 Inclusion of younger adults in such a
study sample would reduce the rate of serious outcomes;
application of a syncope risk score to an inherently very-
low-risk cohort could lead to overtesting and false-positive
screening results. Second, our risk score incorporated novel
cardiac biomarkers (ie, NT-proBNP and hs-cTnT, both
processed at a single, central laboratory, eliminating assay-
to-assay variability). Although the hs-cTnT assay was not
approved by the Food and Drug Administration at the
study onset, we anticipated it would receive approval and
eventually be integrated into clinical care (the Food and
Drug Administration granted approval in January 2017).
Third, the components of our risk score are relatively
simple and objective (ie, does the patient have a history of
s predicted risk plot.
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Figure 3. Comparison of the ROC curves for the FAINT score versus physician risk assessment.
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heart failure or arrhythmia, and are the NT-proBNP or hs-
cTnT levels elevated?). These straightforward questions are
less operator dependent and more likely to show high
interrater agreement than questions that require clinical
gestalt.9 Fourth, our sample was one of the largest
prospectively collected cohorts of ED syncope patients
published, much larger than that used to derive previous
risk-stratification tools.5,6,8,10 Fifth, our study set out to
predict death and serious cardiac outcomes, and not all
serious clinical outcomes, as other authors have done.6,8,9

We excluded noncardiac outcomes a priori (eg, ischemic
stroke, subarachnoid hemorrhage, gastrointestinal
hemorrhage, aortic dissection, pulmonary embolism).
Although the best definition of the primary outcome for a
study of this nature is debatable, we believe that limiting
the primary outcome to death and serious cardiac outcomes
only is more suitable for the clinical scenario in question
(ie, unexplained syncope/near syncope). There are already
several risk-stratification tools available to predict the
likelihood of pulmonary embolism,46,47 subarachnoid
hemorrhage,48,49 aortic dissection,50,51 upper
gastrointestinal hemorrhage,52,53 and ischemic stroke.54,55

The FAINT score should be used only after these other
diagnoses have been excluded during the initial ED
evaluation, using clinical gestalt, relevant risk-stratification
tools, or both, and potential cardiac causes remain.
Moreover, the factors that predict cardiac arrhythmia,
Volume 75, no. 2 : February 2020
subarachnoid hemorrhage, occult gastrointestinal bleeding,
and pulmonary embolism are likely to be very different, as
has been argued previously.16 Thus, a syncope risk score
should predict serious cardiac outcomes and death,
analogous to the History, ECG, Age, Risk Factors, and
Troponin score for low-risk chest pain.56,57

As with any clinical decision rule that maximizes
sensitivity, our corresponding specificity was less than
desired. This creates the potential for application of the rule
to paradoxically increase resource use if used in a 2-way
fashion (ie, admitting all patients with a positive FAINT
score).32 Thus, we caution clinicians to not use this rule
before external validation, and, if validated, to use it as a
tool to justify the discharge of low-risk patients.

Our results add to the increasing body of literature
supporting the utility of B-type natriuretic peptide as a
predictor of serious cardiac outcomes after an episode of
syncope.6,58-63 An elevated NT-proBNP level had an odds
ratio of 2.5, greater than that of any other clinical predictor we
collected (Table 3). This suggests that a B-type natriuretic
peptide assay should be strongly considered in the ED
evaluation of older adults presenting with syncope or near
syncope. Given the score’s reliance on cardiac biomarkers,
implementation could lead to an increase in laboratory testing,
with a concomitant increase in costs, but could potentially lead
to a decrease in admissions for unexplained syncope. A formal
cost analysis would be required to determine the net effect.
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Although the area under the curve for the FAINT score
was modest (0.704), it did outperform unstructured
physician judgment (0.63), a statistically significant
difference. The FAINT score did not result in a statistically
significant improvement in correct reclassifications
compared with the physician’s disposition decision. The
score did fail to predict a small number of serious clinical
outcomes, and the lower bound of the 95% CI was less
than optimal. However, no risk-stratification tool should be
used in isolation, but rather should be used to inform
clinical decisionmaking while taking overall clinical gestalt
and other nonclinical factors into account (eg, social
support of the patient, ability to obtain expedited follow-up
care, values and preferences of the patient, feasibility of
returning to the ED promptly). The FAINT score provides
an objective, structured approach to risk stratification that
can be used by clinicians at all levels of skill and experience,
which could reduce unwanted variation in the clinical
management of syncope.27,64,65 The risk-stratification tool
is meant to inform, not replace, clinical judgment while
potentially decreasing cognitive load for clinicians.

In summary, we used a large, multicenter, prospective
data set of older adults with syncope or near syncope to
derive a clinical risk score to identify patients at very low
risk for death or serious cardiac outcomes at 30 days. Our
score requires external validation before clinical
implementation. If validated in a separate cohort of
patients, the FAINT score has the potential to help guide
clinical management by safely reducing low-yield
hospitalizations.
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