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Introduction

Syncope is characterized by a sudden-onset, brief dura-
tion episode of altered consciousness usually associated 
with loss of postural tone from which recovery is full and 
spontaneous.1 Approximately 15% of children experience 
a syncopal episode prior to the end of adolescence, most 
of which are vasovagal in nature (up to 80%).1-3 
Neurologic etiologies, such as seizures or migraine head-
aches, are present in up to 20% of patients.3,4 Life-
threatening conditions such as hypoglycemia, heat illness, 
anaphylaxis, cardiac arrhythmia, or structural cardiac dis-
ease are relatively rare causes of syncope (1% to 2% of 
children).5,6 Although cardiac causes of syncope are rare, 
they have a high recurrence rate and are associated with 
significant morbidity and mortality.7,8 The American 
Heart Association published a statement on the evaluation 
of syncope in 2006 and 2017, which stated that a “‘metic-
ulous history’ is of paramount importance” when evaluat-
ing patients with an initial syncopal episode.7-13

However, very few studies to date have attempted to 
clarify the “meticulous” historical questions or precise 
examination features that have been associated with car-
diovascular causes in pediatric patients presenting to the 
emergency department (ED) with syncope.14-16 The 
electrocardiogram (EKG) is often used in the emergency 
room to diagnose cardiac cause of syncope and decide 
disposition of patients. It, however, often overdiagnoses 
cardiac causes of syncope.17 Our goal was to evaluate 
specific predefined historical findings associated with 
cardiac causes of syncope.
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Abstract
Objectives. The primary objective is to determine the frequency of history findings associated with cardiac syncope. 
Second, to determine the frequency of abnormal electrocardiograms (EKG) in patients presenting with typical 
vasovagal syncope. Methods. Retrospective chart review from January 2006 to April 2017 of children aged 5 to 
18 years presenting to the emergency department with a chief complaint of syncope. Target population was all 
patients with first episode of syncope and a documented EKG. Excluded patients were those with head trauma, 
drug intoxication, current pregnancy, seizure, and any endocrine problem. Patients with cardiac causes of syncope 
were identified by an abnormal EKG or echocardiogram. Specific history findings (past cardiac history, chest pain, 
palpitations, syncope with exercise, absence of prodrome with syncope) were compared with those with and 
without cardiac etiology of syncope. The possibility of missing a patient with cardiac cause of syncope based on 
specific history findings was identified. Results. Of the total 4115 visits of patients with chief complaints of syncope, 
2293 patients (55.7%) met the inclusion criteria. Nine patients (0.39%) were identified with cardiac etiology of 
syncope. The remaining were determined to be of vasovagal origin. All patients with cardiac etiology of syncope 
were found to have one positive specific history findings. A total of 1972 patients were identified with absence of 
specific history findings; no patient had a cardiac etiology of syncope. Conclusions. This study identifies screening 
questions to identify cardiac syncope. Implementing these standard questions could potentially decrease resource 
utilization and time for evaluation as well as guide follow-up.
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Objectives

Our primary objective was to determine the frequency 
of specific history findings, defined a priori, associated 
with cardiac syncope. A secondary objective was to 
determine the frequency of abnormal EKGs in patients 
presenting with typical vasovagal syncope.

Materials and Methods

Data Source

With approval of the Institutional Review Board of 
Beaumont Health System, we reviewed the electronic 
medical records of the 7 EDs that are part of Beaumont 
Health system. Beaumont Health is the largest hospital 
system in the state of Michigan and the 16th largest in 
the country. The patient population is a true cross-sec-
tion of all ethnic and socioeconomic classes represented 
in the metropolitan Detroit area, with more than 80 000 
pediatric emergency visits in a year at all combined 
sites. We included patients from January 2006 to April 
2017. Inclusion criteria were patients aged between 5 
and 18 years presenting with a chief complaint of syn-
cope, near syncope, dizziness, lightheadedness, or pass-
ing out (ICD [International Classification of Diseases] 9 
code-780.2, ICD10 code- R55.9), and a documented 
EKG done in the ED.

Data were collected on each patient by an experi-
enced and trained abstractor using a standard software 
application, including demographics, date of service, 
chief complaint, history of present illness, past medical 
history, ED diagnosis, disposition from the ED, final 
hospital diagnosis, and EKG findings. We also reported 
the echocardiogram findings (if done) and the findings 
during cardiology follow-up as inpatient or outpatient. 
Patients were excluded if there was a known history of 
head trauma, drug intoxication, current pregnancy, sei-
zure, and any endocrine disorder.

Definitions

Vasovagal syncope was defined as syncope with precipi-
tating event and presence of prodrome.5 Precipitating 
event could be either standing or stress. Prodrome 
included lightheadedness, dizziness, visual changes, 
nausea, pallor, or diaphoresis.

Cardiac syncope was defined as syncope with an 
abnormal EKG during the initial visit at the ED or later 
by abnormal echocardiogram or EKG during the visit 
with pediatric cardiology. All patients diagnosed with 
cardiac cause of syncope in the ED were identified and 
then confirmed with cardiologist follow-up to determine 
the cause of syncope. After identifying the patients who 

presented with syncope, we defined a prior 16 common 
cardiac diagnosis of syncope (used the ICD9 and ICD10 
codes; Supplement Material—Appendix 1, available 
online).

To evaluate/identify history findings associated with 
cardiac syncope, we hypothesized a list of specific his-
tory findings that have been shown to be important in 
past syncope studies—past cardiac history, chest pain, 
palpitations, syncope with exercise, and absence of pro-
drome with syncope.11,14-16

“Past cardiac history” was defined as any patient who 
had previous structural cardiac abnormality, (eg, valvu-
lar stenosis, cardiomyopathy, or s/p cardiac surgery) or 
electrical abnormalities (long QT syndrome [LQTS], AV 
block, Wolff-Parkinson-White [WPW] syndrome; 
Supplement Material—Appendix 2). Patients with a 
previously placed pacemaker were also considered to 
have a previous cardiac history.

Outcomes and Variables of Interest

Our primary outcome of interest was to determine the 
frequency of our specific history findings, which were 
associated with cardiac syncope, and compare this with 
vasovagal syncope in the pediatric population present-
ing to the ED. Our primary exposure variables were the 
specific history findings as described above. Our sec-
ondary outcome was to determine the frequency of 
abnormal EKGs in patients presenting with typical vaso-
vagal syncope.

Statistical Analysis

Categorical variables were summarized with frequen-
cies and percentages. Continuous variables were sum-
marized by means and medians for approximately 
normal distributions and by medians with ranges other-
wise. The frequency of the specified history findings 
was calculated separately for cardiac and vasovagal 
causes of syncope. For all variables, Pearson’s χ2 tests 
and Fisher’s exact tests were used to calculate P value, 
odds ratio, and 95% confidence interval. Wilson score 
interval was used to calculate the confidence interval for 
the number of patients with cardiac syncope.

Results

During this defined study period, 4115 patients were 
identified who presented with a chief complaint of syn-
cope or near syncope. Of the 4115 total patients, 2293 
patients (55.7%) were included in the study. 
Demographics were 63% females, presenting at a mean 
age of 13.4 years. The initial data revealed that 174 
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patients (7.6%) were diagnosed in the ED with a possible 
cardiac cause of syncope. Each chart of a patient with 
possible cardiac syncope was reviewed, and EKG and 
follow-up evaluation was confirmed by a pediatric cardi-
ologist. Of the 174 patients, 158 patients ended up hav-
ing a repeat EKG, echocardiogram, and a cardiology 
follow-up. Nine patients (0.39%) were eventually diag-
nosed with cardiac syncope, the 95% confidence interval 
for this percentage extends from 0.21% to 0.74%. A total 
of 2284 patients (99%) were diagnosed as vasovagal syn-
cope (Figure 1). Demographics of both the groups are 

mentioned in Table 1. The number of patients to find one 
case of cardiac syncope, number needed to treat, was 
254.8 (95% confidence interval = 135.1-476.2).

The most common cardiac diagnosis was WPW syn-
drome. The specific history findings for all the patients 
with cardiac diagnosis showed presence of at least one 
positive history finding (Table 2). Of all the patients 
who got an echocardiogram, 3 patients were found to 
have an abnormality. One of them had a diagnosis of 
subaortic stenosis and the other 2 had a previous pace-
maker identified on echocardiogram.

Figure 1. Flow diagram demonstrates identification of patients with cardiac syncope.

Table 1. Demographic Characteristics of Syncope Patients Presenting to the Emergency Department.

Characteristic n (%) or Mean ± SD n (%) or Mean ± SD n (%) or Mean ± SD

Type of syncope All types Vasovagal syncope Cardiac syncope
Gender, n (%)
 Male 848 (37%) 846 (37%) 2 (23%)
 Female 1445 (63%) 1438 (63%) 7 (77%)
Age in years, mean ± SD 13.4 ± 2.1 13.5 ± 2.1 13.7 ± 2.38
Admitted, n (%) 23 (1%) 14 (0.6%) 9 (100%)
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The groups of cardiac and vasovagal syncope were 
compared based on the specific history findings of inter-
est. Of these, we found that palpitations, past cardiac 
history, and chest pain to be significantly associated 
with cardiac cause of syncope (Table 3).

For our secondary outcome, we identified 1972 
patients with absence of these specific history findings. 
Of these patients, all of them had a normal EKG. Forty-
five patients had echocardiogram performed on this sub-
set of patients and all of them were normal. This indicates 
that potentially none of the patients with absence of pre-
defined specific history findings had cardiac syncope 
(Figure 2).

Discussion

To our knowledge, this is the largest pediatric syncope 
cohort that has been studied. Our analysis revealed that 
0.4% of all pediatric patients presenting with syncope 
had a cardiac diagnosis. Some smaller mixed studies 
have reported higher incidence, but the population stud-
ies have not been exclusively pediatric patients.18 We 
found that 1 of 255 patients with syncope were diag-
nosed with cardiac cause of syncope.

Evaluation of syncope in the ED has been tradition-
ally delineated by guidelines based on retrospective 
studies from either the American College of Cardiology 
or American Heart Association and recommends that 

EKG should be performed on all pediatric patients with 
syncope.13 Conflicting recommendations come from the 
Canadian Cardiovascular Society/Canadian Pediatric 
Cardiology Association, which states that EKGs are not 

Table 2. Cardiac Causes of Syncope With History Findings.

Cardiac Syncope Patients (n = 9)
Presence of 
Palpitations

Presence of 
Chest Pain

Preceded by 
Exercise

Absence of 
Prodrome

Previous Cardiac 
History

Wolff-Parkinson White syndrome (n = 4) 4/4 2/4 0/4 3/4 1/4
Complete atrioventricular block (n = 1) 1/1 0/1 0/1 0/1 0/1
Long QT syndrome (n = 1) 0 0 0 0 1/1
Left ventricular outflow tract obstruction 

(n = 1)
0 0 1 0 1/1

Supraventricular tachycardia (n = 1) 1 0 0 0 1/1
Sinus pause (n = 1) 0 1 0 0 1/1

Table 3. Specific History Findings Comparison Between Cardiac and Vasovagal Syncope Patients.

Cardiac Syncope 
(N = 9)

Vasovagal syncope 
(N = 2284) OR (95% CI) P

Chest pain 3 168 9.45 (1.45-23.67) .0255
Palpitations 6 120 28(8.45-212.07) <.0001*
Past cardiac history 5 100 33.61 (7.922-142.64) <.0001*
Exercise related 1 252 1.0015(0.127-8.04) .39
Absence of prodrome 3 1296 0.34 (0.08-1.37) .079

Abbreviations: OR, odds ratio; CI, confidence interval.
*P < .05.

Figure 2. Identification of cardiac syncope in patients with 
absence of specific history findings.
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required in typical syncope and should be obtained only 
when there is a particular indication.17 They define typi-
cal syncope as that occurs with upright posture held for 
more than 30 seconds or with exposure to emotional 
stress, pain, or medical settings; features diaphoresis, 
warmth, nausea, and pallor; is associated with hypoten-
sion and relative bradycardia, when known; and is fol-
lowed by fatigue. The indication for EKG in the same 
study is defined by the following: no prodrome before 
syncope, mid-exertional event (eg, swimming), syncope 
triggered by loud noise or startle, family history of sud-
den death or heart disease in young individuals, abnor-
mal cardiac examination, or new medication with 
potential cardiac side effects. However, these recom-
mendations are based on a pediatric syncope study that 
identified 1 EKG of diagnostic utility in 169 pediatric 
patients with new-onset syncope.19 Because of the lack 
of research in pediatric syncope, the current pediatric 
guidelines are based mostly on adult studies, which is 
not a reliable comparison because children have fewer 
cardiac events as well as have congenital cardiac disease 
that may not be diagnosed yet.20-23

Several adult studies have shown value of identifying 
cardiac syncope based on history taking, and very few 
pediatric studies have been done till date.24-31 One pedi-
atric study by Hurst and others evaluated the sensitivity 
and specificity of history findings in pediatric syncope, 
but they excluded patients with previous cardiac condi-
tions and had a small number of 3 new-onset cardiac 
syncope patients out of the overall cohort.15 Tretter and 
Kavey described the characteristics that distinguish car-
diac from vasovagal syncope and recommend screening 
that uses historic features, physical examination find-
ings, and electrocardiogram will accurately separate 
patients requiring further evaluation for cardiac etiology 
from those with vasovagal syncope in whom cardiology 
referral is unnecessary.14 Identifying screening ques-
tions based on previous data is pivotal in evolution of 
syncope evaluation in the ED with the ever-changing 
health care scenario and push for faster flow and better 
quality of care with streamlined testing.32,33

The first observation from our study is that the final 
diagnosis of patients with cardiac cause of syncope was 
extremely low when compared with that diagnosed in the 
ED. Most patients diagnosed with cardiac syncope at the 
ED ended up following with cardiology and getting an 
echocardiogram, majority of which were normal. 
Prolonged QT interval is often overdiagnosed in the ED. 
One study showed in the ED setting that approximately 
one third of pediatric patients exhibited QTc values of 
≥440 ms and had significant normalization of QTc values 
in follow-up evaluations. First-time EKGs obtained after 
a syncopal episode must be interpreted with caution, 

particularly in the context of so-called borderline QT 
intervals.34 In our cohort, 9 patients were diagnosed with 
prolonged QT interval. After reviewing charts of these 
patients by the cardiologist, it revealed that no patient had 
a new diagnosis of LQTS. One patient who had a history 
of LQTS, presented with prolonged QT interval. 
Hypertrophic cardiomyopathy and prolonged QT interval 
can present to ED with severe symptoms such as cardiac 
arrest, drowning or death on arrival, which was excluded 
in our patients.35-39 This might be a reason for not identi-
fying any new patients with either prolonged QT or 
hypertrophic cardiomyopathy.

If EKG is performed only on patients with medical 
history at risk for cardiac syncope, the number of patients 
with false diagnosis of cardiac syncope will decrease and 
need for cardiac evaluation can be reduced considerably. 
Our study found that chest pain, palpitations, and past 
cardiac history had a higher odds of having cardiac etiol-
ogy as compared with vasovagal syncope. Syncope 
related with exercise had higher odds of being cardiac 
syncope, but the results were not statistically significant. 
The absence of prodrome was not significantly related 
with cardiac syncope. Among the cardiac causes of syn-
cope, we saw that WPW syndrome was the most com-
mon cause and all of them presented with palpitations. 
Most patients with a syncope due to cardiac cause had a 
previous cardiac diagnosis. This suggests that all patients 
with previous cardiac history presenting with syncope 
should be evaluated with an EKG. These data help iden-
tify that if a patient does not have the above-mentioned 
clinical symptoms of chest pain, palpitations, past car-
diac history, or exercise-related syncope, the risk of car-
diac cause of syncope is less likely; most of these patients 
could have been managed without an EKG and at an out-
patient setting. We found that by excluding all patients 
with the above risk factors, the risk of a patient having 
cardiac syncope is very rare.

Some studies have found lack of prodrome to be a 
marker of cardiac syncope.4,15 In one study, of 154 chil-
dren with syncope, 85% of children with vasovagal 
cause had a prodrome, whereas only 40% of those with 
cardiac conditions had prodromal symptoms.40 In a 
cohort of 7568 young athletes, a syncopal episode was 
reported in 474 (6.2%) over 5 years. Syncope was unre-
lated with exercise in most cases (411 athletes, 86.7%), 
post-exertional in 57 (12.0%), and exertional in 6 
(1.3%). These last 6 individuals underwent further test-
ing: one had hypertrophic cardiomyopathy, one right 
ventricular outflow tract tachycardia, and the remaining 
had positive responses to tilt testing, but none were asso-
ciated with adverse outcomes. There was a considerable 
prognostic difference between syncope during “full 
flight,” which has a very worrisome mortality risk (ie, 
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true exertional syncope), compared with the lesser mor-
tality concern associated with events occurring either 
after completion of exertion (ie, post-exertional) or at 
rest (ie, non-exertional).41-43 For this reason, we still 
advocate to obtain an EKG, in patient with syncope 
without a prodrome or with exercise, even with these 
results not being statistically significant.

Our result confirmed the low incidence of cardiac syn-
cope in healthy children; ED workup should be based on 
detailed history and physical examination. In the ED, often 
the fear of missing high-risk diagnosis leads to excessive 
testing and increasing costs.19,22,34 Syncope due to cardiac 
diagnosis is rare; routing testing with blood tests, chest 
X-rays, and EKG are not required. Previous studies and 
data from this study argue against the need of these stan-
dard diagnostic testing for pediatric patients with syncope.

This was a retrospective study that carries limitations. 
Documentation predisposes to recall bias and some his-
tory findings might not have been asked or recorded. We 
tried to include all patients with any history finding 
recorded. Again, this could lead to bias as some patients 
with vasovagal syncope might not have chest pain docu-
mented. However, all patients with cardiac syncope had all 
the significant history findings documented and analyzed.

This was the largest study of pediatric patients who 
presented to the ED with syncope; however, the number 
of patients with cardiac syncope is still relatively small. 
With the low incidence of cardiac syncope, a prospec-
tive, multicenter study is needed to assess the reliability 
of our findings.

Conclusion
This study identifies screening questions that may identify 
patients with cardiac syncope. After low-risk patients are 
identified, it could potentially decrease ED referral, hospi-
tal transfers, as well as reduced testing with EKG, echocar-
diogram, and cardiology follow-up. This would streamline 
first-time syncope evaluation, potentially reducing overall 
health care costs and decrease ED length of stay.
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