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Background: The diagnosis of cardiac syncope remains a challenge. This study sought to develop and validate a diagnostic model for
the early identification of individuals likely to have a cardiac cause.

Methods: 877 syncope patients with a determined cause were retrospectively enrolled at a tertiary heart center. They were randomly
divided into the training set and validation set at a 7:3 ratio. We analyzed the demographic information, medical history, laboratory
tests, electrocardiogram, and echocardiogram by the least absolute shrinkage and selection operator (LASSO) regression for selection
of key features. Then a multivariable logistic regression analysis was performed to identify independent predictors and construct
a diagnostic model. The receiver operating characteristic curves, area under the curve (AUC), calibration curves, and decision curve
analysis were used to evaluate the predictive accuracy and clinical value of this nomogram.

Results: Five independent predictors for cardiac syncope were selected: BMI (OR 1.088; 95% CI 1.022-1.158; P =0.008), chest
symptoms preceding syncope (OR 5.251; 95% CI 3.326-8.288; P <0.001), logarithmic NT-proBNP (OR 1.463; 95% CI 1.240-1.727,
P <0.001), left ventricular ejection fraction (OR 0.940; 95% CI 0.908-0.973; P <0.001), and abnormal electrocardiogram (OR 6.171;
95% CI 3.966-9.600; P <0.001). Subsequently, a nomogram based on a multivariate logistic regression model was developed and
validated, yielding AUC of 0.873 (95% CI 0.845-0.902) and 0.856 (95% CI 0.809-0.903), respectively. The calibration curves
showcased the nomogram’s reasonable calibration, and the decision curve analysis demonstrated good clinical utility.

Conclusion: A diagnostic tool providing individualized probability predictions for cardiac syncope was developed and validated,
which may potentially serve as an effective tool to facilitate early identification of such patients.
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Introduction
Syncope is the form of transient loss of consciousness that is caused by temporary cerebral hypoperfusion.l This
symptom is a frequent reason for emergency department (ED) visits and hospital admissions.>® Determining the
underlying cause of syncope can be a challenging and time-consuming process due to its varied etiology. There is
substantial heterogeneity in the treatment options and prognosis among different types of syncope. Patients with cardiac
syncope face a higher risk for mortality or other adverse events compared with those with vasovagal or orthostatic
causes.""*> Therefore, it is imperative to pinpoint reliable diagnostic features for cardiac syncope and achieve early
identification of such patients.

Over the past two decades, several syncope prediction models have emerged, incorporating individual or combined
clinical parameters derived from clinical history, physical examination, serum biomarkers and electrocardiogram
(ECG).°'* For instance, the Evaluation of Guidelines in Syncope Study (EGSYS) score, which relies on readily
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available historical findings, has demonstrated high sensitivity in discriminating cardiac from non-cardiac syncope.’
These strategies can serve as predictive tools to assist physicians in making clinical judgement. To some degree, they
help facilitate early diagnosis, refine risk stratification, and estimate prognosis of patients with syncope. However, owing
to their limited reproducibility and remarkable heterogeneity in study design, along with variable definitions across
primary studies, none has achieved widespread clinical acceptance and adoption.'**'* Especially for patients with atypical
symptoms or more complex etiologies of syncope, their diagnostic value is relatively limited. After initial evaluation,
there still remains a large portion with unexplained syncope or syncope with suspected cause which needs further tests
for confirmation. For patients with non-cardiac syncope, such as those with orthostatic hypotension or vasovagal
syncope, routine exposure to a series of complicated examinations primarily aimed at ruling out cardiac causes
significantly escalates healthcare costs and prolongs hospitalization times.

Therefore, the development of an easy-to-use diagnostic model is crucial in the early identification of cardiac
syncope, assisting physicians in organizing precise examinations and thereby reducing healthcare expenses and short-
ening hospital stays. In this study, we focused on exploring the predictive role of a comprehensive array of readily
available clinical parameters for distinguishing between cardiac and non-cardiac causes in patients presenting with
syncope. Furthermore, we sought to develop a nomogram model to facilitate its adoption in routine clinical practice.

Methods
Study Design and Patients Selection

We conducted a retrospective cohort study that enrolled all patients admitted to hospital for syncope at Fuwai hospital
between Jan 2021 and June 2022. As part of our routine protocol, each syncope patient underwent a standard evaluation,
including detailed history-taking, physical examination, basic laboratory tests, standard 12-lead electrocardiogram (ECG)
procedures. Additional specific tests were initiated depended on the individual patient’s condition and clinical require-
ments. The etiology of syncope was determined through a comprehensive analysis of all available information by two
independent cardiologists. Following the guidelines of European Society of Cardiology (ESC)," we categorized three
primary groups of syncope: cardiac syncope, reflex syncope, and syncope secondary to orthostatic hypotension (OH).
Cardiac syncope is defined as syncope associated with cardiac disorders, with impaired hemodynamics commonly in
arrhythmic or structural cardiovascular diseases. We also collectively defined reflex syncope and syncope due to OH as
non-cardiac syncope.

All enrolled patients were aged 18 to 85 years old and had experienced at least one syncope episode within the 180
days preceding their admission. To provide a more representative description of individual’s syncope event, we
meticulously selected the specific syncope episodes that directly led to this hospitalization for detailed analysis.
Patients were excluded if they had prolonged loss of consciousness (> 5 minutes), an obvious witnessed seizure, alcohol
or illicit drug intoxication, or any traumatic events preceding the syncope. We also excluded patients with a significant
amount of missing information. Patients with a determined cause of syncope were included in subsequent model
construction and were categorized into two groups based on their underlying cause: cardiac syncope and non-cardiac
syncope (including reflex syncope and OH).

This study was approved by the ethics committee of Fuwai Hospital (Approval No. 2022—-1775). Given its retro-
spective and observational design, the written informed consent requirements were waived.

Data Collection and Variables

Clinical data were collected by trained physicians from the electronic medical information recording system of Fuwai
Hospital. Inaccuracies were rigorously reviewed by a senior physician. A comprehensive set of 36 variables, including
demographics, syncopal event details, comorbidities, laboratory tests, transthoracic echocardiography (TTE) parameters,
and electrocardiogram (ECG) findings were methodically selected and compared. The detailed list of these 36 candidate
variables was shown on Table S1. All demographic and medical history information was promptly collected within the
first 24 hours of admission, and all of the examinations were performed by the auxiliary departments within our hospital.
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Definitions of Important Variables

In the section on syncopal event details, the presence of specific triggers referred to the occurrence of factors such as
coughing, laughter, pain, prolonged standing, distressful stimulus, or medical environment preceding the syncope
episodes. Chest symptoms preceding syncope was defined as the presence of any one of the following symptoms:
palpitation, chest pain, or chest tightness that occurred before the syncope episode. In the comorbidities section, heart
disease included ischemic or valvular heart disease, cardiomyopathy, congenital heart disease, arrhythmia, and a history
of sudden cardiac arrest or resuscitation. Vascular disease included transient ischemic attack, cerebrovascular accident,
peripheral vascular disease, or embolism. An abnormal ECG was characterized as the presence of sustained bradycardia
(HR<40 bpm), atrioventricular block greater than first degree, bundle branch block, ischemic ST-T changes, supraven-
tricular or ventricular tachycardia, ventricular preexcitation, prolonged or shortened QT intervals, and irregular waveform
pattern such as J-point elevation and Brugada patterns.

Statistical Analysis

The entire dataset was randomly divided into a training set and a validation set at a ratio of 7:3. The training set was used to
develop the model, while the validation set was used for internal validation. Continuous variables were expressed as mean
with standard deviation (normal distribution) or median with interquartile range (skewed distribution), and the Student’s
T-test or Mann—Whitney U-test was used for comparisons between groups accordingly. Shapiro—Wilk test was performed to
check for normal distribution. Categorical variables were expressed as frequency with percentage, with group comparisons
performed using the Pearson’s chi-square test. As N-terminal pro B-type natriuretic peptide (NT-proBNP) was highly
skewed, the logarithmically transformed values (Log NT-proBNP) were alternatively used for further analysis to minimize
the absolute disparities among the data. Multiple imputation based on five replications was used to fill in the missing data.'”
Continuous variables were imputed using linear regression, or predictive mean matching was applied when they exhibited
skewed distribution. For categorical variables, imputation was performed using logistic regression.

To promote model simplicity and mitigate the likelihood of overfitting, we performed the least absolute shrinkage and
selection operator (LASSO) regression to identify candidate variables essential for discriminating between cardiac syncope
and non-cardiac syncope. We determined the optimal value of the tuning parameter A using 10-fold cross-validation, and set
the A value to “l1se” to strike a balance between complexity and predictive power in our prediction model. Subsequently,
these potential predictors identified by LASSO regression were further analyzed by multivariable analysis. We retained
predictors with a statistically significant P value (<0.05) to construct a nomogram model for predicting the probability of
cardiac syncope. Individual scores for each predictor were calculated using the coefficients obtained from the multivariable
logistic regression model. Several crucial steps were involved in the assessment of the nomogram. The area under the curve
(AUQC) of the receiver operator characteristic (ROC) curve analysis was utilized to evaluate the discriminatory capacity of
the nomogram. In addition, calibration curves with Hosmer—Lemeshow test were used to measure the alignment between
the predicted and actual observed probability. Moreover, decision curve analysis (DCA) was used to evaluate the clinical
benefit of the nomogram by quantifying the net benefits at different threshold probabilities. To ensure the robustness of the
nomogram model, we employed a bootstrap approach with 1000 replicates within the training set, followed by
a comprehensive assessment of the nomogram’s performance within the validation set. Finally, we created an easy-to-use
web-based calculator based on the constructed model for predicting the probability of cardiac syncope.

Furthermore, to derive a more practical diagnostic decision rule, a point-score model based on these identified
predictors was also constructed. We transformed continuous variables into categorical variables to align with the real
clinical scenario, with the cutoff values determined based on their common clinical reference values. The point of each
predictor was derived from the relative weighting of the regression coefficients. Each coefficient was divided by the
smallest absolute value of the coefficient retained in the model, then rounded to the nearest integer, as has been done for
other health-related scores.'® The points were summed and a diagnostic threshold was chosen using receiver operating
characteristic analysis. Sensitivity and specificity for each score cutoff were calculated using the exact binomial method.

Statistical analyses were performed using R software (version 4.3.1, www.R-project.org/) and SPSS (version 26.0,

IBM). All tests were two-tailed and P <0.05 was considered statistically significant.
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Results

Patient Characteristics

A total of 919 hospitalized patients with syncope were enrolled in this study. According to the ESC classification, the
underlying cause of syncope was reflex in 313 patients (34.1%), orthostatic hypotension in 42 (4.6%), primary
arrhythmic in 321 (34.9%, with sinus node dysfunction in 62 (6.7%), atrioventricular conduction disorder in 116
(12.6%), supraventricular tachycardia in 51 (5.5%), ventricular tachycardia in 83 (9.0%), and inherited arrhythmia
syndrome in 9 (1.0%), including 7 cases of Long QT syndrome and 2 cases of catecholaminergic polymorphic ventricular
tachycardia), structural cardiac diseases in 174 (18.9%: acute myocardial infarction/ischemia in 85 patients (9.2%), aortic
stenosis in 17 (1.8%), hypertrophic cardiomyopathy in 48 (5.2%), congenital heart disease in 15 (1.6%), etc.),
cardiopulmonary and great vessels diseases in 27 (2.9%) and unknown in 42 (4.6%) (Table 1).

877 syncope patients with a determined cause were incorporated into the development of predictive model. Among
these patients, the mean age was 57.2 + 15.0 years and 40.8% were female. On average, each patient had experienced two
syncope episodes. They were subsequently randomly divided into the training set (n =616) and the validation set (n
=261), with a ratio of 7:3. The baseline characteristics of both sets are presented in Table 2. There are no statistical
differences in most predictive variables between the two sets.

Within the overall cohort, 521 patients were diagnosed with cardiac syncope and 356 patients were diagnosed with
non-cardiac syncope. The summary of demographic and clinical characteristics of patients in both categories was
provided in Table S2. Notably, the comparisons between patients with cardiac syncope and non-cardiac syncope have

Table | Underlying Causes of Syncope in the Entire Cohort

Causes of Syncope® Total (%)
Arrhythmia as primary causes 321 (34.9%)
Sinus node dysfunction® 62 (6.7%)

Atrioventricular conduction system disease 116 (12.6%)
Supraventricular tachycardia® 51 (5.5%)
Ventricular tachycardia 83 (9.0%)
Inherited arrhythmia syndrome® 9 (1.0%)
Structural cardiac diseases 174 (18.9%)
Acute myocardial infarction/ischaemia 85 (9.2%)
Aortic stenosis 17 (1.8%)
Hypertrophic cardiomyopathy 48 (5.2%)
Congenital heart disease® 15 (1.6%)
Cardiac masses 3 (0.3%)
Arrhythmogenic right ventricular cardiomyopathy 6 (0.7%)
Cardiopulmonary and great vessels diseases 27 (2.9%)
Pulmonary embolus 6 (0.7%)
Pulmonary hypertension 13 (1.4%)
Acute aortic dissection 8 (0.9%)
Reflex syncope 313 (34.1%)
Vasovagal syncope 274 (29.8%)
Situational syncope 25 (2.7%)
Carotid sinus syndrome 14 (1.5%)
Orthostatic hypotension 42 (4.6%)
Unknown 42 (4.6%)

Notes: “The Diagnostic and classification criteria for syncope are based on the recom-
mendations of European Society of Cardiology (ESC). °Including bradycardia/tachycardia
syndrome. “Including atrial tachycardia (atrial fibrillation, atrial flutter), Wolff-Parkinson-
White syndrome, and paroxysmal supraventricular tachycardia. dIncluding Long QT
Syndrome (LQTS), Brugada syndrome, and Catecholaminergic Polymorphic Ventricular
Tachycardia (CPVT). ®Including congenital anomalies of coronary arteries, patent foramen
ovale, ventricular septal defect, atrial septal defect. fIncluding atrial myxoma, tumors,
ventricular aneurysm, etc.
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Table 2 Baseline Characteristics of the Training Set and Validation Set
Characteristics Overall Training Set Validation Set P value
(n =877) (n=616) (n=261)
Demographics
Female (%) 358 (40.8) 259 (42.0) 99 (37.9) 0.290
Age, y 572 £ 15.0 573 £ 153 57.0 £ 14.1 0.787
Body mass index, kg/m? 24.6 £ 3.5 246 £ 35 245 £ 34 0.901
SBP, mmHg 127.7 £ 15.9 127.7 £ 16.1 127.6 = 15.6 0.977
DBP, mmHg 748 + 10.1 748 + 104 749 £ 93 0.824
HR, bpm 75.1 £29.8 740 + 183 77.6 £ 46.7 0.096
Smoking history (%) 299 (34.1) 212 (344) 87 (33.3) 0.817
Drinking history (%) 298 (34.0) 212 (344) 86 (33.0) 0.733
Syncopal event details
No. of syncopal events 22+ 1.7 22+ 1.6 23+ 1.7 0.551
Duration of syncopal spell (%) 0.809
<Imin 433 (494) 302 (49.0) 131 (50.2)
1-5min 444 (50.6) 314 (51.0) 130 (49.8)
Presence of specific triggers (%) 394 (44.9) 255 (41.4) 139 (53.3) 0.002
Syncope while sitting or lying or exertion (%) 267 (30.4) 193 (31.3) 74 (28.4) 0.426
Chest symptoms preceding syncope (%) 603 (68.8) 428 (69.5) 175 (67.0) 0.528
Family history of syncope (%) 26 (3.0) 19 (3.1) 7 (2.7) 0918
Comorbidities
Hypertension (%) 417 (47.5) 303 (49.2) 114 (43.7) 0.156
Diabetes (%) 159 (18.1) 111 (18.0) 48 (18.4) 0.972
Dyslipidemia (%) 481 (54.8) 332 (53.9) 149 (57.1) 0.427
Heart disease (%) 529 (60.3) 373 (60.6) 156 (59.8) 0.888
Vascular disease (%) 203 (23.1) 148 (24.0) 55 (21.1) 0.390
COPD (%) 23 (2.6) 16 (2.6) 7(27) 1.000
OSA (%) 50 (5.7) 36 (5.8) 14 (5.4) 0.904
Laboratory values
Hemoglobin, g/L 1345 + 19.0 134.1 £ 19.2 1354 + 187 0.347
Serum albumin, g/L 414+ 11.8 41.0 £5.0 424 £ 203 0.127
Serum creatinine, umol/L 84.2 £ 21.5 84.0 + 21.1 84.7 £ 22.5 0.633
Glycated hemoglobin, % 6.1 £09 6.1 £09 6.1 £09 0918
Troponin >99th percentile of the normal population (%) 103 (11.7) 70 (11.4) 33 (12.6) 0.672
NT-proBNP, pg/mL 116.0 [49.2, 415.0] | 118.5 [50.1, 430.0] | 106.0 [42.1, 382.0] 0.169
Log NT-proBNP, pg/mL 50+ 1.6 5016 49+ 15 0.174
hsCRP, mg/L 2014, 3.8] 2.1 [1.4,3.8] 20([14,3.7] 0.693
Echocardiography parameters
LAD, mm 36557 36556 364+58 0.786
LVEDD, mm 47.6 £ 6.8 474 + 6.4 480+ 7.8 0.216
IVSD, mm 103 £33 103 + 3.4 104 £ 3.0 0.863
LVEF, % 60.1 + 9.6 60.0 £ 9.5 60.5 + 9.7 0.489
ECG parameters
PR interval, ms 167.6 + 33.5 166.9 + 34.5 169.2 + 31.2 0.361
QRS duration, ms 102.1 + 21.5 101.5 £20.3 103.5 + 243 0.194
QTc interval, ms 416.0 £ 323 4157 £ 32.7 4167 £ 31.4 0.677
Abnormal ECG (%) 560 (63.9) 396 (64.3) 164 (62.8) 0.740

Notes: Data were presented as numbers (%), mean * standard deviation, or median and interquartile range as appropriate. Groups were compared using the
Student’s t-test, Mann—Whitney U-test, or Chi-square test as appropriate.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; COPD, chronic obstructive pulmonary disease; OSA, obstructive
sleep apnea; NT-proBNP, N-terminal pro B-type natriuretic peptide; hsCRP, high-sensitivity C-reactive protein; LAD, left atrial diameter; LVEDD, left ventricular
end-diastolic dimension; IVSD, interventricular septal thickness at diastole; LVEF, left ventricular ejection fraction; ECG, electrocardiogram.
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yielded statistical significance in the majority of features in syncopal event details, laboratory test values, as well as TTE
and ECG parameters.

Predictors Selection and Summarization

As shown in Figure 1, 36 variables were screened by the LASSO regression with the 10-fold cross-validation. When In
(L) was set at —3.442 (L = 0.032), the residual sum of squares was under the 1-SE criteria and 10 predictive factors were
preliminarily identified, including age, body mass index (BMI), No. of syncopal events, presence of specific triggers,
syncope while sitting or lying or exertion, chest symptoms preceding syncope, family history of syncope, Log NT-
proBNP, left ventricular ejection fraction (LVEF), and abnormal ECG. These variables were further included in multi-
variable analysis, only five predictors demonstrated as independent risk factors of cardiac syncope: BMI, chest symptoms
preceding syncope, Log NT-proBNP, LVEF, abnormal ECG. Finally, we selected these five predictors to construct the
predictive model.

Nomogram Construction and Performance

We further incorporated the five independent predictors mentioned above into a multivariable logistic regression model,
which showed that BMI (OR 1.088; 95% CI 1.022-1.158; P =0.008), chest symptoms preceding syncope (OR 5.251;
95% CI 3.326-8.288; P <0.001), Log NT-proBNP (OR 1.463; 95% CI 1.240-1.727; P <0.001), LVEF (OR 0.940; 95%
CI 0.908-0.973; P <0.001), abnormal ECG (OR 6.171; 95% CI 3.966-9.600; P <0.001) were significantly associated
with the diagnosis of cardiac syncope (Table 3). A nomogram based on this multivariable logistic regression model was
subsequently constructed to predict the probability of cardiac syncope (Figure 2). Regression coefficients of the five
included factors were combined to generate a score ranging from 0 to 100 depending on their relative importance. To
illustrate the usage of the nomogram, an example was provided. Specifically, an individual with unexplained syncope,
without chest symptom preceding syncope, together with an abnormal ECG, a BMI of 26 kg/m?, a Log NT-proBNP level
of 7pg/mL, and an LVEF of 55%, had a total points of 158. The predictive probability for cardiac syncope was 80.7%.
The AUC of this nomogram model was 0.873 (95% CI 0.845-0.902), indicating good predictive accuracy (Figure 3).

Nomogram Validation and Assessment

This nomogram model also demonstrated robust discriminatory capacity in the validation set, with an AUC of 0.856
(95% CI 0.809-0.903) (Figure 3). Comparing the ROC curves of the two sets, no significant difference was observed
(P =0.538). The calibration curve plots indicated a concordance between predicted and observed probabilities, with
a Hosmer-Lemeshow chi-square statistic of 6.610 (P =0.579, Figure 4A) in the training set and 9.042 (P =0.339,
Figure 4B) in the validation set. To further evaluate the practical clinical utility of this prediction model, we performed
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Figure | Selection of key features related to cardiac syncope by the least absolute shrinkage and selection operator (LASSO) regression. (A) The LASSO regression
coefficient trendlines of the 36 candidate features. (B) Determination of the tuning parameter A by 10-fold cross-validation. Two vertical lines were drawn, representing
a more concise model within one standard error. The tuning parameter A = 0.032 was selected under the |-SE criteria with 10 non-zero coefficients included.
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Table 3 Final Model of the Multivariable Logistic Regression Analysis for Cardiac

Syncope
Intercept and Variable Coefficient OR (95% CI) P value
Intercept —1.842 0.232
BMI, kg/m? 0.084 1.088 (1.022—1.158) 0.008
Chest symptoms preceding syncope 1.658 5.251 (3.326-8.288) <0.001
Log NT-proBNP, pg/mL 0.381 1.463 (1.240-1.727) <0.001
LVEF —0.062 0.940 (0.908-0.973) <0.001
Abnormal ECG 1.820 6.171 (3.966-9.600) <0.001

Abbreviations: OR, odds ratio; Cl, confidence interval; BMI, body mass index; NT-proBNP, N-terminal
pro B-type natriuretic peptide; LVEF, left ventricular ejection fraction; ECG, electrocardiogram.

decision curve analysis. As shown in Figure 4C and D, DCA curves for both training set and validation set demonstrated

good clinical utility in model practice.

Establishment of the Web-Based Dynamic Nomogram

To enhance the accessibility of the nomogram for physician, we further established a web-based calculator of the
nomogram (cardiac syncope nomogram: https://cardiacsyncope.shinyapps.io/DynNomapp/), which was freely
available online. This user-friendly tool allowed easy calculation of the estimated probabilities of cardiac syncope

by inputting the five independent predictive factors on the website (the screen shot of this tool was displayed in

Figure 5).

Development of a Diagnostic Point-Score Model

A point-score model incorporating the five selected predictors was further developed (Table 4). Notably, three
continuous variables, including BMI, NT-proBNP, and LVEF, were all converted into categorical variables based on
their widely recognized clinical reference ranges. The diagnostic score achieved an AUC of 0.850 (95% CI 0.819—
0.881) (Figure S1). The corresponding sensitivity and specificity for each score cutoff were detailed in Table S3.
A point score > 9 was considered the optimal discriminator for a diagnosis of cardiac syncope, boasting a sensitivity of
80.5% and specificity of 79.7%.
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Points e 1 1 1 Il 1 1 1 Il 1 )
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Figure 2 The nomogram for predicting the probability of cardiac syncope.

Notes: A specific case is presented to show the usage of the nomogram. This was a patient with unexplained syncope, without chest symptom preceding syncope, together
with an abnormal ECG, a BMI of 26 kg/m?, a Log NT-proBNP level of 7pg/mL, and an LVEF of 55%, had a total points of 158. Based on the nomogram model, the predictive
probability for cardiac syncope was 80.7%.
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Figure 3 The ROC curves of the nomogram in both the training and validation sets.
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve.

Discussion
Syncope due to cardiac disease presents a greater mortality risk compared to those with non-cardiac causes. Thus,
a critical focus in syncope management must be the early identification of these patients. To our knowledge, this study
has for the first time developed a predictive nomogram model based on readily available clinical parameters for
diagnosing cardiac syncope in hospitalized patients. The LASSO logistic regression model selected the following five
independent predictors: BMI, chest symptoms preceding syncope, Log NT-proBNP, LVEF, and abnormal ECG. The
nomogram application demonstrated good discrimination in distinguishing patients with cardiac syncope from those with
non-cardiac syncope. The calibration curves showcased the nomogram’s strong calibration, and DCA curves revealed its
potential as a highly effective tool in clinical practice.

Previous studies have pointed out that certain clinical variables are predictive of cardiac syncope, of which some have

17719 while others have developed diagnostic prediction models by combining multiple

reported single diagnostic variable,
variables.”'"'? Del Rosso et al identified several predictors of cardiac syncope, including abnormal ECG and/or heart
disease, palpitations before syncope, syncope during effort or in supine position, absence of autonomic prodromes and
absence of predisposing and/or precipitating factors, and subsequently established a point scoring system based on these
predictors (the EGSY score) for the triage and management of ED-syncope patients.” Additionally, the early standardized
clinical judgement (ESCJ) prediction tool, which included a standardized syncope-specific case report form, demonstrated
high diagnostic accuracy (AUC 0.87)."" The diagnostic accuracy significantly improved when ESCJ was combined with
cardiac biomarkers such as troponin or BNP, either alone or in combination."' In a different manner, Zimmermann et al
developed an ECG-based diagnostic criterion with high accuracy (AUC 0.80) for diagnosing cardiac causes of syncope.'”
These diagnostic criteria could serve as valuable clinical decision aids for the early exclusion or confirmation of a cardiac
cause of syncope in the ED. Moreover, several emerging tools like the San Francisco Syncope Rule (SFSR), Canadian
Syncope Risk Score, and FAINT score have focused on the prediction of serious outcome after ED disposition.®*!° These
diagnostic and prognostic models have effectively promoted the management of cardiac syncope.

Similar to the aforementioned predictive models, our model has integrated multiple parameters obtained from patient
history, laboratory tests, and generally available examinations like ECG. Apart from that, we have introduced echocar-
diographic parameters into the model construction for the first time. Notably, we focused on the hospitalized syncope
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Figure 4 Assessment of the nomogram model for diagnosing cardiac syncope. Calibration plots in the training set (A) and the validation set (B), decision curves in the
training set (C) and the validation set (D).

patients, which differs from previous models that primarily targeted ED patients.”-'"*'* These patients typically undergo
echocardiographic examinations to confirm or exclude cardiac causes. In addition, three diagnostic predictors, consis-
tently confirmed in literature and included in our model, are chest symptoms preceding syncope, abnormal ECG, and NT-
proBNP.

Accordingly, both abnormal ECG and sudden onset palpitation preceding syncope are recommended as “suggestive”
for cardiac syncope and classified as “high risk” requiring intensive evaluation in the recent ESC guidelines.' In this
study, we have meticulously defined the criteria for abnormal ECG and appropriately expanded the description
“palpitations preceding syncope” to “chest symptoms preceding syncope”. Both of the two selected clinical features
encompassed relatively broad scopes. Consequently, a majority of our patients fulfilled one of both criteria, and
furthermore, we confirmed both criteria as independent predictors for cardiac syncope. However, because of their
broad range, they can easily lead to misdiagnosis. It is recommended that they should be used in conjunction with
other indicators in practice.
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Figure 5 The screen shot of the dynamic web-based nomogram established to predict the probability cardiac syncope (https://cardiacsyncope.shinyapps.io/DynNomapp/).

Our results add to the increasing body of literature supporting the value of NT-proBNP as a diagnostic predictor for
cardiac syncope.'® 2! NT-proBNP is an important serum marker in the assessment of diagnosis and prognosis of heart
failure.”” It reflects the presence of structural heart disease and is also elevated in distinct cardiac arrhythmias.** As
cardiac syncope is frequently caused by reduced cardiac output associated with impaired hemodynamics in arrhythmic or
structural cardiac conditions, natriuretic peptides hold promise as diagnostic tools for diagnosis of cardiac syncope. Prior

Table 4 Point Scores Derived from the Multivariable Logistic
Regression Model for the Diagnosis of Cardiac Syncope

Variable Regression Points
Coefficient (SE)
Chest symptoms preceding syncope 1.625 (0.234) 5
Abnormal ECG 1.888 (0.224) 6
BMI, kg/m?
<185 0 0
18.5-24.0* 0.458 (0.639) 2
24.0-28.0° 0.729 (0.639) 2
= 28.0 0.923 (0.682) 3
NT-proBNP, pg/mL
<125 0 0
125-300¢ 0.304 (0.272) |
300-1800¢ 1.548 (0.321) 5
= 800 2.341 (0.769) 8
LVEF
> 55 0 0
<55 —1.030 (0.396) -3

Notes: *™“The range of the group includes the minimum value while excluding the
maximum value. °Each individual’s total score is the sum of the scores derived from
these five predictors, and a total score 2 9 indicates a high likelihood of cardiac syncope.
Abbreviations: ECG, electrocardiogram; BMI, body mass index; NT-proBNP, N-terminal
pro B-type natriuretic peptide; LVEF, left ventricular ejection fraction; SE, standard error.
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studies have established NT-proBNP concentration cut-offs at approximately 156-210 pg/mL to determine the cardiac
origin of syncope.'®?! Our study revealed that an elevated logarithmic NT-proBNP level had an odds ratio of 1.46,
independent of other clinical variables. This suggests that an NT-proBNP assay should be strongly considered in the
evaluation of hospitalized patients with unexplained syncope. Furthermore, the NT-proBNP laboratory test is convenient,
rapid, and reasonable priced. Assessing NT-proBNP concentration before performing additional examinations can aid in
the initial classification of syncope, which significantly facilitates final diagnosis.

Of note, our predictive model incorporated novel clinical features, specifically BMI and LVEF, as discriminative
factors for distinguishing between cardiac and non-cardiac syncope. Accumulated evidence has indicated that a higher
BMI is associated with an elevated risk of cardiovascular diseases,”” potentially increasing the likelihood of cardiac
syncope. Conversely, BMI appears to be a modifier of orthostatic responses and may influence the propensity for non-
cardiac syncope. Individuals with lower BMI have greater predisposition to vasovagal syncope and orthostatic hypoten-
sion, often accompanied by dysregulated autonomic nervous system activity.?¢ 2

LVEF is a valuable indicator for the diagnosis and monitoring of heart conditions such as heart failure and
cardiomyopathy. Our findings have demonstrated that LVEF was an independent predictor to discriminate cardiac
syncope from non-cardiac syncope. In practice, echocardiography emerges as a safe, non-invasive, and easy-to-

perform examination. The routine echocardiogram use in unselected patients with syncope is common,*”*°

particularly
in hospitalized patients whose conditions are often more intricate. Following a comprehensive initial evaluation, which
includes history taking, physical examination, or ECG, echocardiogram is frequently necessary to either confirm or rule
out a cardiac cause of syncope. In this study, we have incorporated LVEF as a pivotal variable to develop a novel
prediction model, thereby enhancing predictive accuracy. Nevertheless, given the fact that echocardiogram use may
extend hospital stays and incur additional costs, therefore, physicians should weigh the patient’s condition, length of
hospitalization, and associated costs when scheduling an echocardiogram examination.

In summary, we used a large dataset of patients with syncope to derive a diagnostic model for the early
identification of cardiac syncope cases. It is crucial to highlight that our model has not yet been validated by an
independent cohort, necessitating external validation before clinical implementation should be considered. In addition,
this predictive model does not provide clear aid in the prognosis of cardiac syncope. Other emerging tools such as the
Canadian Syncope Risk Score, which focuses on the prediction of serious events after discharge, should be considered
as further assistance to physicians.”*! Moreover, to maximize diagnostic accuracy and ensure patient safety, the
predictive model should always be employed in conjunction with all available diagnostic information available rather
than be used in isolation.

Limitations

Several limitations of this study merit consideration. First, this study exclusively enrolled hospitalized patients. It is
uncertain whether and to what extent our findings can be extrapolated to patients in primary care. Second, the patient
cohort was drawn from a specialized cardiac hospital, which could potentially lead to overestimation of the actual
proportion of cardiac syncope cases. While cardiac cause is typically the second most common reason for syncope, our
study found that cardiac syncope accounted for the majority of cases, possibly due to this selection bias. This bias might
also influence the performance of the pre-defined variables. However, according to the ESC guideline,' high-risk syncope
patients are more likely to have cardiac syncope and thus require hospitalization more frequently. Hence, our findings
may have certain generalizability and representativeness in hospitalized patients. Third, the relevant clinical parameters
in this study were not timely connected with syncope episodes, since they were all measured and collected during
patients’ hospitalization, not near the occurrence of syncope events. Actually, syncope episodes are often sudden and
transient, making it difficult to measure the parameters just at the time of occurrence. However, based on our practical
experience, in stable patient conditions, most clinical parameters generally do not undergo significant changes over short
periods. Finally, this was a single-center retrospective study with missing information for some variables. Although the
diagnostic model has been internally validated by cross-validation and bootstrap validation, further large-scale multi-

center prospective clinical trial is required for external validation.
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Conclusions

This study has successfully developed and internally validated a novel diagnostic model for distinguishing between
cardiac and non-cardiac syncope. The model application demonstrated excellent discrimination and calibration, rendering
it a promising and highly effective tool for clinical practice. Future large-scale prospective studies are required to
externally validated these findings.
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