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Objective: An estimated 1.2 million annual emergency department (ED) visits for syncope/near
syncope occur in the United States. Cardiac biomarkers are frequently obtained during the ED
evaluation, but the prognostic value of index high-sensitivity troponin (hscTnT) and Natriuretic
Peptide (NT-proBNP) are unclear. The objective of this study was to determine if hscTnT and NT-
proBNP drawn in the ED are independently associated with 30-day death/serious cardiac
outcomes in adult patients presenting with syncope.

METHODS: A pre-specified secondary analysis of a prospective, observational trial enrolling
participants > age 60 presenting with syncope, at 11 United States hospitals, was conducted
between 4/2013 and 9/2016. Exclusions included seizure, stroke, transient ischemic attack, trauma,
intoxication, hypoglycemia, persistent confusion, mechanical/electrical invention, prior
enrollment, or predicted poor follow-up. Within 3 hours of consent, hscTnT and NT-proBNP were
collected and later analyzed centrally using Roche Elecsys Gen 5 STAT® and 2010 Cobas®
respectively. Primary outcome was combined 30-day all-cause mortality and serious cardiac
events. Adjusting for illness severity, using multivariate logistical regression analysis, variations
between primary outcome and biomarkers were estimated, adjusting absolute risk associated with
ranges of biomarkers using Bayesian Markov Chain Monte Carlo methods.

RESULTS: The cohort included 3,392 patients; 367 (10.8%) experienced the primary outcome.
Adjusted absolute risk for the primary outcome increased with hscTnT and NT-proBNP levels.
HscTnT levels < 5 ng/L were associated with a 4% (95%CI: 3-5%) outcome risk; hscTnT >50
ng/L, a 29% (95%CI: 26-33%) risk. NT-proBNP levels < 125 ng/L were associated with a 4%
(95%CI: 4-5%) risk; NT-proBNP > 2000 ng/L a 29% (95%CI: 25-32%) risk. Likelihood ratios
and predictive values demonstrated similar results. Sensitivity analyses excluding ED index
serious outcomes demonstrated similar findings.

CONCLUSION: HscTnT and NT-proBNP are independent predictors of 30-day death and serious
outcomes in older ED patients presenting with syncope.

Introduction:

There are over 1.2 million annual events of syncope/near syncope in the United States
leading to an emergency department (ED) visit, resulting in 440,000 annual admissions? and
$2.4 billion in yearly hospital costs.? Despite the high incidence and associated costs of
syncope/near syncope, there are currently no effective prediction tools to identify older
patients (age =60 years) who may be at risk for subsequent short-term death or serious
cardiac events.34

High-sensitivity troponin and natriuretic peptides are very accurate markers of myocardial
dysfunction, structural heart disease, and long-term cardiac death.>8 Cardiac biomarkers are
frequently obtained during the ED evaluation for syncope/near syncope, but the prognostic
value of high-sensitivity troponin (hscTnT) and natriuretic peptide (NT-proBNP)
measurements in the presentation of syncope/near syncope are unclear.

Preliminary work suggests these biomarkers may be important in syncope/near syncope risk
prediction.”12 However, cardiac biomarkers have not been uniformly measured in these
pilot studies, and this may have introduced testing bias due to illness severity. The 2017
American College of Cardiology (ACC)/American Heart Association (AHA)/Heart Rhythm
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Society (HRS) Syncope Guidelines state: “The ability of troponin and natriuretic peptide
measurement to influence clinical decision making or patient outcome is unknown.”13

This study sought to assess the association of hscTnT and NT-proBNP with composite 30-
day all-cause mortality and serious cardiac outcomes after an ED evaluation for syncope/
near syncope and their prognostic value. We hypothesize that these biomarkers have
independent predictive value, after adjustment for symptoms, co-morbidities, physician risk
assessment, and electrocardiogram (ECG) abnormalities.

Study Design

We performed a preplanned secondary analysis of a multi-site prospective observational
cohort study (NCT01802398). The study enrolled older adults (=60 years of age) at 11
United States EDs who presented with the primary chief complaint of syncope or near
syncope as confirmed by the treating physician. The study ended upon attaining enrollment
goals. The study, including the biomarker blood draws, was approved by the institutional
review boards at all sites. Written informed consent was obtained from subjects or their
legally authorized representative. Data reported were preplanned analyses of biomarker
measurements drawn during the initial index visit enrollment of the patient, within three
hours of consent, and later analyzed at a central laboratory.

Research reported in this publication was supported by the National Heart, Lung, and Blood
Institute of the National Institutes of Health under Award Number RO1HL111033,
(CLINICAL TRIAL REGISTRATION: NCT01802398, https://clinicaltrials.gov/ct2/show/
NCT01802398?term=NCT+01802398&rank=1). The content is solely the responsibility of
the authors and does not necessarily represent the official views of the National Institutes of
Health. Roche Diagnostics donated High-sensitivity troponin-T assays and NT-proBNP
assays. Roche had no role in data analysis or manuscript preparation.

Study Setting and Population

Eligible patients were screened and enrolled at 11 United States EDs between April 28, 2013
and September 21, 2016. Patient inclusion criteria for eligibility were age =60 years
presenting with a chief complaint of syncope or near syncope as determined by the treating
physician. Participating subjects agreed to have blood drawn for biomarkers. Syncope was
defined as a transient loss of consciousness with loss of postural tone followed by
spontaneous and complete recovery. Near syncope was defined as the sensation of imminent
loss of postural tone without loss of consciousness. For this preplanned analysis,
patientswere only included if they had a biomarker result available.

We excluded patients who presented with seizure, stroke, transient ischemic attack (TIA),
head trauma, intoxication from drugs or alcohol, or hypoglycemia as the presumptive cause
of symptoms. We further excluded patients with persistent confusion relative to baseline
mental status and those who required medical or electrical interventions (e.g., intravenous
glucose, defibrillation) to restore consciousness. Patients with prior enrollment were also
excluded. To minimize attrition, we excluded patients unlikely to complete follow-up,
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including those who lacked phone access, lacked a permanent address, or did not speak
either English or Spanish.14 Patients or those with legally authorized representatives who
were unable or unwilling to provide informed consent or follow-up information were also
excluded.

Study Protocol

Consistent with published research reporting guidelines pertaining to syncope risk-
stratification1®, all participating patients underwent a standardized evaluation, including
history, physical exam, and an initial 12-lead ECG. Physician risk assessment was obtained
from the treating physician immediately after consent. The physician risk assessment had a
range from 0% to 100% and served as a surrogate for the treating physician’s subjective
level of concern regarding the potential for 30-day death or serious cardiac outcomes. Serum
samples were collected for hscTnT and NT-proBNP within 3 hours of consent, and these
were sent to and analyzed at a central laboratory (University of Rochester, Rochester, NY).
These results were not available to the treating physicians. Clinical testing at the
participating hospitals was at the sole discretion of the clinical providers, and patient
disposition was unaffected by this protocol. Research personnel collected objective
information about age, gender, and triage vital signs from the ED electronic medical record
and symptom data directly from the patients or their legally authorized representatives. The
treating physician provided information about co-morbidities, exam findings and physician
risk assessment. All 12-lead ECGs were interpreted by a study physician both locally and at
the coordinating center.

All local patient records were reviewed for subsequent hospital visits, serious cardiac
outcomes, and death within 30-days of the index ED visit by site physician investigators.
Follow up phone calls performed by the coordinating center at 30 days identified additional
medical visits and 30 day serious outcomes. Medical records were obtained and reviewed by
the coordinating center for these visits. Site investigators and the coordinating center were
blinded to central laboratory biomarker results.

Serious cardiac outcomes were dichotomized as occurring during the index emergency
department visit or after.

To assess inter-rater 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 specific
number of charts chosen for this review was restricted by availability of research staff
resources. All 5 serious cardiac outcomes in the training set were identified by local site
reviewers.

Key Outcome Measures

The primary composite outcome included all-cause mortality and serious cardiac events at
30-days. We defined serious cardiac events apriori. These included: sustained ventricular
arrhythmia (>30 seconds) or symptomatic ventricular tachycardia; sinus pause =3 seconds;
third-degree or Mobitz Il atrioventricular block; symptomatic supraventricular tachycardia
pacemaker/defibrillator malfunctions; symptomatic bradycardia (heart rate <40 beats per
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minute); myocardial infarction as defined by the universal definition6; a new diagnosis of
severe aortic stenosis (area <0.9 cm?), severe pulmonary hypertension, hypertrophic
cardiomyopathy, or atrial mass causing outflow obstruction; aortic dissection, and
pulmonary embolism. Symptomatic was defined as the “simultaneous occurrence of
dizziness, lightheadedness, hypotension (systolic blood pressure <90 mm Hg), or syncope
with an arrhythmia on ECG monitoring.”8 Atrial fibrillation, atrial flutter, paroxysmal atrial
tachycardia and supraventricular tachycardia were all included in the category of
supraventricular tachycardia if symptomatic. Research staff coded serious cardiac events as
identified during or after the index ED visit.

To address potential bias introduced by “obvious” cardiac conditions identified during the
ED evaluation, we analyzed a secondary outcome that included all-cause mortality and
serious cardiac events at 30-days that were not identified during the index ED evaluation.

Independent Predictors and Covariates

Our independent predictors were the measurements of hscTnT and NT-proBNP (Elecsys,
Roche Diagnostics). The hscTnT assay used was the Roche Elecsys Gen 5 STAT® which
has a lower detectable limit of 5 ng/L and a US reference 99th percentile cutoff limit of 19
ng/L for hscTnT.17 The NT-proBNP assay used was the Roche Elecys 2010 Cobas®, with
recommended use of a 125ng/L lower limit of normal for patients under 75 years and 450
ng/L for patients over 75 years. We report both. Covariates included demographic
characteristics and potentially confounding co-morbidities. In a previous meta-analysis, we
identified potential predictors of serious outcomes including age, cardiac co-morbidities, a
complaint of dyspnea, hypotension (ED triage systolic blood pressure <90mmHG), and
initial ECG abnormalities.18 These were used as covariates. Additional covariates also
included disposition and initial physician risk assessment.

An abnormal initial ECG was defined by the presence of non-sinus rhythms (including
paced rhythms), sinus tachycardia >100 beats/min, multiple premature ventricular
complexes (=2), sinus bradycardia (<40 beats/min), ventricular hypertrophies, short PR-
segment intervals (<100 ms), axis deviations, first-degree blocks (>200 ms), complete
bundle branch blocks, Brugada patterns, Wolff-Parkinson-White Syndrome patterns,
bifascicular block (both complete right bundle branch block and left axis deviation),
abnormal QRS duration (>120 ms), abnormal QTc prolongations (>450 ms), or Q/ST/T-
segment abnormalities suggestive of acute or chronic ischemia. The supervising physicians’
initial risk assessments were measured as a percentage estimate for 30-day death or serious
cardiac events.

Data Analysis

This study protocol proposed 3,330 completed enroliments (3,700 patients with a 10%
attrition rate) to identify associations between predictors and the primary outcomes with an
adjusted odds ratio of 1.5 or greater. We used chi-square tests to test association of the
outcome with discrete predictors and logistic regression to test for association of the
outcome with continuous variable predictors, with hscTnT and NT-proBNP on the log scale
to check for univariate association with the outcomes. Unadjusted associations between the
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outcome and hscTnT and NT-proBNP were visually assessed using smoothing splines.
Tabled values of hscTnT and NT-proBNP quantiles (20%, 68%, 77%, 90%, 96%, and 99%)
were rounded to the closest easily conceptualized values.

To assess the independent association of hscTnT and NT-proBNP with the primary outcome,
we performed multivariate logistic regression using complete case data. The model included
all covariates along with hscTnT and NT-proBNP. We explored multiple approaches (linear,
categorical, log-transform) to parameterize the continuous independent variables. Log
transform of hscTnT and NT-proBNP values provided the best fit models based on Akaike
information criterion. We assessed for interaction effects between the two biomarkers. In
sensitivity analysis, we performed multiple imputations with the MICE package for missing
data to include all observations in regression models.19

We found adjusted odds ratio for specific values of hscTnT and NT-proBNP, compared to
reference values of 5 ng/mL and 125png/mL, respectively, and we then calculated adjusted
odds ratios and their 95% confidence intervals using coefficient estimates and 95% interval
endpoints from the multiply-imputed logistic regression model. We used a p value of 0.05 as
statistically significant. Given the observational nature of the study, the alpha was not
adjusted for multiple comparisons. We assumed a linear relationship between the log-odds
of an event and the logs of hscTnT and NT-proBNP with all other variables held constant.

We estimated the adjusted absolute risk of the primary outcome for intervals bounded by the
quantiles described above. We first calculated the risk of an event for each subject, and then
averaged the values across subjects in the particular range. The risk we calculated for an
individual patient is the adjusted probability of an event controlling for other covariates.
HscTnT and NT-proBNP were entered as continuous covariates and logged before analysis.

We then ran a multivariate logistic regression, including all variables from the main model
on each imputed data set. Each imputed data set had an associated estimated vector of
coefficients, 4, and an estimated variance-covariance matrix 2'for those coefficients. From
those we calculated the average of the estimates and the marginal covariance matrix across
imputations, denoted 3 and Z.

Using patients with complete data, we performed a Bayesian analysis using Markov Chain
Monte Carlo (MCMC) to calculate the predicted probabilities of a 30-day serious cardiac
outcome or death for each patient. In each iteration of MCMC, we sampled a vector, (/),
which followed a multivariate normal distribution with mean g and covariance matrix Z. We
then calculated the predicted probability for each patient using the inverse logit function,

. exp(X Tﬂ(i))
" 1+ exp(XTﬁ(i)) |

where X7 represents the predictors for the given patient. At each iteration, we calculated the
average risk of an event across people within each interval of hscTnT and NT-proBNP. We
analyzed individual site of enrollment as a fixed effect and found no appreciable differences.
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Therefore, in the interest of simplicity, we have not reported site specific breakdowns in the
data results.

We repeated all analyses for the secondary outcome of serious 30-day events occurring after
the index ED evaluation. All data analyses were performed in R version 3.2.3.20

It is our belief that collinearity and outliers are not generally a problem with this type of data
collection, therefore, we did not perform post-regression diagnostics on our model.

We studied 3,392 patients who had available biomarker data (Figure 1);367 (10.8%) patients
experienced the primary outcome. Characteristics of the study cohort are described in Table
1, and type and timing of serious events are presented in Table 2. Some patients experienced
multiple outcomes. The mean age of participants was 72.8 +9.0 years. No significant sex or
race/ethnicity differences were noted between those with and without serious outcomes..
Cardiac co-morbidities, dyspnea, hypotension, and abnormal ECG were associated with
serious events (p<0.01). The majority of patients (80%) were admitted to the hospital. Only
20 % of patients were discharged directly from the ED.

Values of cardiac biomarkers were greater in patients who experienced the primary outcome
(hscTnT, median [IQR] ng/mL: 22 [10, 51] ng/mL vs. 11 [6, 22] ng/mL; NT-proBNP
median [IQR] ng/mL: 776 [244, 2175] ng/mL vs. 210 [82, 620] ng/mL. Table 1 and
Appendix Figures 1 and 2 illustrate that the probability of serious outcomes increases with
increasing values of both hscTnT and NT-proBNP. We illustrated likelihood ratios and
negative/positive predictive values at multiple cut points for both biomarkers (Table 3).

In multivariate logistic regression analysis (Table 4), hscTnT and NT-proBNP measurements
were independently predictive of outcomes (p<0.0001). These results were robust to
multiple imputation for missing data (Appendix Table 1). We did not find evidence of an
interaction effect between hscTnT and NT-proBNP. (Appendix Table 2) Either cardiac
marker was useful in predicting the outcome even if the other marker was already included
as a predictor.

For both hscTnT and NT-proBNP, increasing values were associated with greater adjusted
absolute risk (Table 5) and odds ratio (Table 6) for the primary outcome. For example, a
hscTnT value of <5 pg/mL was associated with an absolute risk of 4% (95CI: 3-5%),
whereas a hscTnT value of >50 ng/L was associated with an absolute risk of 29% (95CI: 26—
33%). A NT-proBNP value of <125 ng/L was associated with an absolute risk of 4% (95ClI:
4-5%), whereas a NT-proBNP value of >2000 ng/L was associated with an absolute risk of
29% (95CI: 25-32%). There were 434 patients (13%) who had hscTnT < 5 pg/mL and NT-
proBNP value of < 125 ng/L; the estimated adjusted risk for the primary outcome was 3%
(95CI 3-4%).

We found that increasing values of cardiac biomarkers were associated with adjusted
absolute risk for 30-day serious events identified only after the index ED visit (Table 7). We

Acad Emerg Med. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Clark et al.

Page 8

illustrated likelihood ratios and negative/positive predictive values at multiple cut points for
both biomarkers after excluding events found during the index ED visit (Table 8).

Discussion:

In this multi-center cohort of older adults presenting to the ED with syncope/near syncope,
both hscTnT and NT-proBNP levels were found to be independent predictors of 30-day
death and serious cardiac events. Increasing values of both biomarkers corresponded with
greater risk of adverse events. These findings are robust to multiple sensitivity analyses, and
they are valid for risk prediction in patients without an apparent cardiac cause after the
initial ED evaluation. These biomarkers have independent predictive power. To our
knowledge, this is the largest study to date that has standardized collection of hscTnT and
NT-proBNP in patients with syncope. Our findings suggest that these biomarkers could be
helpful in syncope/near syncope risk stratification in older adults.

A systematic review of 11 studies assessing biomarker use in syncope/near syncope
concluded that “there is modest predictive value for high-sensitivity troponin and natriuretic
peptides for major cardiac adverse cardiovascular events.”12 However, these conclusions
were tempered by limitations of prior studies, including small sample sizes, single center
populations, and non-standardized data collection of potential confounding variables. Our
study design specifically addresses these methodological challenges and confirms the
independent predictive value of these biomarkers.

Prior syncope/near syncope risk stratification studies have been criticized for including
patients with serious events identified during the ED evaluation.?! Patients with dangerous
medical conditions identified in the ED require treatment rather than risk stratification, and
inclusion of such patients may result in optimistically biased estimates of association
between predictors and outcomes. In sensitivity analyses, we found that both hscTnT and
NT-proBNP were independent predictors of 30-day serious cardiac outcomes and death even
after omitting events identified during the index ED visit. This is important in determining
which patients are at risk of serious outcomes and death even when an ED evaluation does
not find a significant cause for the syncope or near syncope.

Elevated hscTnT and NT-proBNP have been shown in previous studies to be predictive of
long term cardiac events, and hscTnT has strongly correlated with NT-proBNP in the same
studies.22:23.24 Syncope/near syncope may be the presenting event for these cardiac
comorbidities and therefore portend increased risk of serious events. An abnormal serum
concentration of hscTnT has been found to be an independent predictor of adverse outcome
and risk of cardiac event in patients with hypertrophic cardiomyopathy.?® Elevation of
hscTnT and NT-proBNP have been shown to be predictive of future cardiac events such as
acute myocardial infarction, pulmonary embolus and acute decompensated heart failure.
26,27,28,29.30 Thjs prior literature provides a conceptual foundation for why elevations of
hscTnT and NT-proBNP in syncope/near syncope may be useful in predicting further
cardiac events.

Acad Emerg Med. Author manuscript; available in PMC 2020 May 01.
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A major clinical challenge is identifying which patients presenting with syncope/near
syncope would benefit most from hospital admission, observation or discharge with
outpatient follow-up. In our cohort, the majority of patients (79.5%) were admitted. HscTnT
and NT-proBNP may help identify patients at low risk of subsequent short-term events who
could be discharged. Likelihood ratios and predictive values confirm this (Table 3,8). After
excluding patients who have obvious cardiac pathology after ED evaluation, cardiac
biomarkers were able to identify patients with < 2% risk of serious outcomes at 30-days
(Table 7). This finding may inform shared decision making and disposition choices. The
ability to safely discharge these patients may save unnecessary admissions and cost. This is
an important finding in our study.

We found that hscTnT and NT-proBNP are independent predictors of short term 30-day risk.
These findings should be combined with other clinical data, such as known cardiac disease,
historical elements, and findings on the 12-lead ECG to assess which patients can safely be
discharged home after a syncopal event. Our findings can be used to inform the development
of a comprehensive risk scoring system. To our knowledge, none of the published risk tools
include these biomarkers.

Limitations:

Our study does have limitations. We used data from a single blood draw, and it is possible
that serial biomarker testing may provide additional prognostic information.

Our study focused on older adults, as adverse outcomes and health service use are
concentrated in this population. Our results will need to be verified in younger cohorts.31: 32

We analyzed NT-proBNP values, and these results may not be generalizable to other
natriuretic peptide assays. However, multiple studies in other disease states suggest that BNP
and NT-proBNP are functionally interchangeable.33

We did not code symptomatic supraventricular tachycardias into specific subgroups (e.g.
atrial fibrillation, atrial flutter, paroxysmal supraventricular tachycardia), which limits the
ability to assess the clinical significance of these arrhythmias..

Finally, the hscTnT assay was approved for clinical use in the United States in 2017, and this
assay may not be currently available in many EDs. However, we believe that many EDs in
the United States will convert to high sensitivity cardiac troponin assays in the near future.

Conclusions:

In older adults who presented to the ED for evaluation of syncope/near syncope, elevated
hscTnT and NT-proBNP levels are independent predictors of 30-day mortality and serious
cardiac events. These biomarkers may be helpful in risk stratification and clinical decision
making. Future clinical decision aids should consider the incorporation of these biomarkers.
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Appendix Figure 1. Event Rate vs Biomarker Levels
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Appendix Figure 2.
Event Rate vs log of Biomarker Levels

Appendix Table 1.
Multivariate Model of 30-Day Outcomes, Multiple Imputation for Missing Data

Variable Estimate | t-value | p-value | 95% CI Missing Values
Age (10yrs) -0.221 | -3.206 0.001 | (-0.356, -0.086) 0
Male Gender -0.013 | -0.105 0.917 (-0.256, 0.230) 0
Black -0.225 | -1.194 0.233 (—0.594, 0.144) 0
Other Race -0.083 | -0.219 0.827 (-0.824, 0.659) 0
Congestive Heart Failure -0.205 | -1.221 0.222 (-0.534,0.124) 3
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Variable Estimate | t-value | p-value | 95% CI Missing Values
Coronary Artery Disease -0.282 | -2.043 0.041 | (-0.552, -0.011) 3
Arrhythmia 0.721 5.646 <.001 (0.471, 0.972) 3
Dyspnea 0410 | 3.079 0.002 (0.149, 0.671) 78
Hypotension 0.219 1.293 0.196 (-0.113, 0.55) 21
Abnormal Electrocardiogram 0.349 2.483 0.013 (0.073, 0.624) 60
Physician Risk Assessment 0.015 4.323 <.001 (0.008, 0.022) 90
Log(hscTnT) 0.388 | 5.876 <.001 (0.259, 0.518) 9
Log(NT-proBNP) 0.250 4.896 <.001 (0.150, 0.350) 0

*
Cl=Confidence intervals

Multivariate Model of 30-Day Outcomes, Interactions Between Cardiac Biomarkers

Appendix Table 2.

Variable Estimate | Std. Error | zvalue | Pr(>|z|)
Age (10yrs) -0.246 0.074 | -3.314 0.001
Male Gender -0.031 0.132 | -0.233 0.816
Black -0.212 0.200 | -1.059 0.289
Other Race -0.084 0.406 | -0.206 0.837
Congestive Heart Failure -0.265 0.177 | -1.494 0.135
Coronary Artery Disease -0.294 0.145 | -2.021 0.043
Arrhythmia 0.760 0.135 5.628 0.000
Dyspnea 0.438 0.139 3.154 0.002
Hypotension 0.288 0.176 1.641 0.101
Abnormal Electrocardiogram 0.400 0.149 2.683 0.007
Physician Risk Assessment 0.016 0.004 4.147 0.000
Log(hscTnT) 0.674 0.224 | 3.006 0.003
Log(NT-proBNP) 0.374 0119 | 3.144 0.002
Log(hscTnT)* Log(NT-proBNP) -0.040 0.033 | -1.219 0.223

*
AIC: 1802, AUC: 0.7752

fn=3043 complete cases
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