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Abstract

Objective

This study aimed to assess and determine the presentation, risk factors, and outcomes of
pediatric patients who were admitted for cardiac-related chest pain.

Background

Although chest pain is common in children, most cases are due to non-cardiac etiology. The
risk of misdiagnosis and the pressure of potentially adverse outcomes can lead to unneces-
sary diagnostic testing and overall poorer patient experiences. Additionally, this can lead to
a depletion of resources that could be better allocated towards patients who are truly suffer-
ing from cardiac-related pathology.

Methods

This review was conducted per PRISMA guidelines. This systematic review used several
databases including MEDLINE, Embase, Scopus, and Web of Science to obtain its articles
for review.

Results

A total of 6,520 articles were identified, and 11 articles were included in the study. 2.5% of
our study population was found to have cardiac-related chest pain (prevalence = 0.025,
95% CI[0.013, 0.038]). The most commonly reported location of pain was retrosternal chest
pain. 97.5% of the study population had a non-cardiac cause of chest pain, with musculo-
skeletal pain being identified as the most common cause (prevalence = 0.357, 95% CI
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[0.202, 0.512]), followed by idiopathic (prevalence = 0.352, 95% CI [0.258, 0.446]) and then
gastrointestinal causes (prevalence = 0.053, 95% CI[0.039, 0.0671]).

Conclusions

The overwhelming majority of pediatric chest pain cases stem from benign origins. This
comprehensive analysis found musculoskeletal pain as the predominant culprit behind
chest discomfort in children. Scrutinizing our study cohort revealed that retrosternal chest
pain stands as the unequivocal epicenter of this affliction. Thorough evaluation of pediatric
patients manifesting with chest pain is paramount for the delivery of unparalleled care, espe-
cially in the context of potential cardiac risks in the emergency department.

Background

Chest pain stands as one of the most frequently encountered complaints in emergency depart-
ments worldwide. While its etiology can span a spectrum from benign to life-threatening, it is
crucial to distinguish between these categories for effective patient management. Serious
causes of chest pain encompass aortic dissection, pulmonary embolism, and pneumothorax,
demanding immediate attention.

On the other hand, non-emergent cardiac factors contributing to chest pain encompass val-
vular, infectious, or inflammatory conditions. Interestingly, a Study by Chen L et al. aimed to
investigate the causes of chest pain in Chinese children and found that causes of chest pain in
7,251 children who visited the hospital during a 15-year period; 53.0% of the cases were idio-
pathic, 29.1% were related to Musculoskeletal diseases, 9.1% were related to respiratory dis-
eases, 8.0% were cardiac, 0.6% were related to gastrointestinal diseases, 0.16% were related to
mental diseases, and 0.04% were related to other conditions [1]. Nevertheless, according to
this study, idiopathic chest pain was the most common cause of chest pain [1]. Muscloskeletal
chest pain, strains, psychiatric conditions (including panic attacks), and systemic inflamma-
tory and rheumatologic disorders round out the spectrum of potential causes in children,
requiring thorough evaluation [1]. According to Januzzi et al., the cost of chest pain totals over
5 billion USD, with over 7 million presentations in emergency departments annually. Cardio-
vascular causes may be in up to 20% of patients presenting with chest discomfort; only 5.5% of
these patients have an acute life-threatening condition, whereas more than 50% of patients
presenting with chest discomfort receive a diagnosis of noncardiac pain [2]. On one hand,
proper evaluation of chest pain must be done to rule out any significant issues, such as a myo-
cardial infarction. Pope et al. discussed the complications of missed interventions, as missed
myocardial infarctions can lead to a doubled risk of mortality after discharge [3]. On the other
hand, prolonged assessment of all patients who present to the emergency department with
chest pain is burdensome to all facets of the healthcare system. According to McCullough
et al,, the valuation per quality-adjusted life year (QALY) is over USD100,000 and would still
be considered highly cost-ineffective compared with many other strategies and treatments for
cardiovascular patients [4]. The goal of care should be to have a criterion that allows for effi-
cient evaluation without unnecessary expenditures and waste of resources.

Chest pain in children without a prior history of cardiac abnormalities or significant family
histories is unlikely to be related to a cardiac cause. According to a research article published
in the Journal of Pediatric Health Care, a study of 50 children presenting to cardiology with
chest pain had the following breakdown: 38 children (76%) had musculoskeletal/
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costochondral chest pain, 6 children (12%) had exercise-induced asthma, 4 children (8%) had
chest pain resulting from gastrointestinal causes, and 2 children (4%) had chest pain resulting
from psychogenic causes [5]. In an article written by Dr. Selbst in the Pediatric Clinics of
North America journal, the approach to a child with chest pain should be taken seriously
because the symptom of chest pain can cause great anguish to the child, disturbing their daily
life, and can also create strain on the caretakers due to worry about a more malicious or dan-
gerous pathology [6].

While chest pain in the pediatric population is even more rarely associated with a true car-
diac etiology, some important information must be taken into consideration when reviewing
past medical records or taking a history [7, 8]. The first would be a history of congenital heart
disease. These conditions are often evaluated at birth and are noted for further management or
observation in benign cases. Post-congenital causes of pediatric cardiac issues can include
infections that can lead to cardiac inflammation, along with more systemic syndromes such as
Rheumatic Fever and Kawasaki disease [6-8]. Genetic abnormalities and gene mutations can
also lead to specific cardiac issues, such as dilated or hypertrophic cardiomyopathy and even a
more systemic condition such as Marfan syndrome [6-8]. These conditions can all lead to
chest pain being due to a cardiac etiology and can be effectively deduced through chart review,
good history taking, and thorough physical examinations [7, 8]. The main objective of our
study is to systematically review the literature that assesses the presentation, risk factors, and
outcomes of pediatric patients who were admitted for cardiac chest pain.

Methods

This review was conducted per PRISMA guidelines [9]. All steps were done per the Cochrane
Handbook of Systematic Reviews and Meta-analysis of Interventions [10]. Our research ques-
tion was developed following the key elements of the PICO framework: Participants, Interven-
tions, Comparison, and Outcomes [11]. The protocol was registered in PROSPERO), under
number CRD42023397158

Inclusion and exclusion criteria

Both qualitative and quantitative studies were sought. Primary articles that focused on assess-
ing the presentation, risk factors, and outcomes of pediatric (less than 21 years) patients who
present to the ED with cardiac chest pain. In particular, articles that mentioned the incidence
of cardiac-related chest pain were included in order to compare statistically to the general pop-
ulation of pediatric non-cardiac chest pain in the ED. Time limits were set from 2000 to the
present and were included. Secondary or tertiary articles were excluded. Articles published
before 2000 and non-English literature were excluded. Studies on the CP adult population
(>21 years old), animals, or case series were also excluded. The list of excluded studies is
included in the supplementary information. We also excluded studies performed only in
urgent care, primary care, emergent medical services, or the ICU. There were no other restric-
tions regarding the type of ED, and studies performed in urban and community hospitals,
public and private ED, academic and non-academic ED, trauma-center level I, I, and III will
be included. Any patients aged 21 years or above who present to the ED with complaints of
chest pain were excluded.

Data sources and study selection

The literature search strategies were developed using medical subject headings (MeSH) and
text words related to chest pain in pediatrics. The following databases were queried for identi-
fying peer-reviewed literature: MEDLINE, EMBASE, SCOPUS, and Web of Science. To ensure
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literature saturation, we scanned the reference lists of included studies and relevant reviews
identified through the screening. Finally, we provided a bibliography of the included articles to
the systematic review team. The most recent search was conducted in July 2023. The keywords
used for the search are included in the attached supplement (S1 Appendix).
Screening was completed in two stages using the systematic review management program.

Articles were screened for relevance based on the title and abstract and then evaluated for

inclusion based on the full text. Two reviewers (M.S.Z and A.A.E) independently screened the
titles and abstracts. The selection was focused only on peer-reviewed published studies. The
reviewers read the full-text articles obtained and selected those that met all inclusion criteria. A
third author (M.A) assisted in resolving any disagreements through consensus agreement. We
used the input of two researchers at all stages of the analysis. A graphic of the screening and

selection process can be seen in Fig 1.

Identification of studies via databases

Identification

Records identified from:
PubMed (n = 6520)
EMBASE (n = 13994)

Web Of Science (n = 7913)
SCOPUS (n = 9233)

Records removed before
screening:
Duplicate records removed (n
=17841)

Records screened
(n=19819)

Records excluded**
(n =19820)

Screening

Reports assessed for eligibility
(n=71)

Reports excluded:
Not English (n = 10)
Conference abstract (n = 31)
Reviews (n = 3)
Not our PICO (n=16)

Included

Studies included in systematic
review (n = 11)

Studies included in meta-
analysis (n = 10)

Fig 1. Study selection process. PRISMA flow diagram illustrating the process of study selection for the systematic
review and meta-analysis.

https://doi.org/10.1371/journal.pone.0294461.9001
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Quality assessment of studies

Two assessors independently rated the quality of the studies using the Cochrane Collabora-
tion’s tool. In addition, if discrepancies were presented, these were resolved through discussion
and consensus between the analysts. The certainty of evidence was assessed using GRADE
methodology [12].

Data extraction

Data were collected on the study characteristics: design, setting, population, sample size, and
main objective. Data on prognostic factors and outcomes were also extracted: demographics,
clinical presentation, associated symptoms, and risk factors. Missing information on prognos-
tic factors or outcome was requested from the authors.

Data analysis

We extracted and analyzed the data regarding the prevalence of cardiac and non-cardiac emer-
gency causes, which were pooled to calculate overall prevalence estimates with a 95% confi-
dence interval (CI). The random effect model using the DerSimonian-Laird method was
applied. We investigated the statistical heterogeneity between studies using the 12 statistics and
chi-squared test, with p < 0.1 considered heterogeneous and 12 > 50% suggestive of high het-
erogeneity. We conducted statistical analyses using Comprehensive Meta-Analysis Software
(CMA).

Results
Results of the literature search

A total of 6520 records were identified through searching the four included databases, result-
ing in 19819 records after discarding the duplicates. Seventy-one records resulted from the
title and abstract screening, and after the full-text screening, 11 records were finally included
in our systematic review; of them, 10 studies were included in the meta-analysis [13-23]. The
selection process is described in the PRISMA flow chart in Fig 1.

Characteristics of the included studies

Our search retrieved 11 studies with 3,052,540 children suffering from chest pain. The
reported mean age for studied patients ranged from 10.1 in Massin et al. to 13 years in Pissarra
etal. and Lin et al. [18, 19, 23]. All our included studies were retrospective cohorts in design
except for Massin et al., which was prospective, and Mohan et al., whose study was quasi-
experimental [19, 20]. Only three of our studies reported the location or radiation of pain; Pis-
sarra et al. revealed that the commonest chest pain location among their patients was retroster-
nal, and Massin et al. reported that two locations were left-sided and diffuse chest pain [19,
23]. However, Ocampo-Vazquez et al. reported that 58% of their patients showed no pain radi-
ation [22]. Throughout the studies, ECG, chest radiography, and Echocardiography were the
most demanded investigations. Characteristics and a summary of our included research are
displayed in Tables 1 and 2, respectively.

Risk of bias assessment

Most of our included studies demonstrated good quality on NOS assessment. However, most
of them did not have an adequate follow-up period. S1 Table shows the detailed assessment of
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each study and their score in the individual items of the three major domains of NOS (selec-
tion, comparability, and outcome).

Quality of studies

The quality of the studies can be viewed in S1 Table. The quality of each study was assessed
according to the Newcastle Ottawa Scale. The scores obtained during the analysis ranged from
6 to 8, categorizing all our studies as intermediate to high quality. The overall average NOS
score for our studies was 6.7. Given full consideration of our studies, we would categorize the
overall quality as intermediate.

Cardiac versus non-cardiac chest pain causes and presentation

Although the cardiac causes of chest pain in our studied population were less common (2.5%),
they should be considered in the evaluation of chest pain in order to be excluded. Thus, ECGs
and echocardiograms were commonly obtained in patients presenting with chest pain. Pissarra
et al. reported that obtained ECG results were abnormal in 77.7% of their patients with cardiac
etiologies of chest pain, and Lin et al. reported that 84.5% of the patients had ECG abnormali-
ties [18, 23]. Additionally, Brancato et al. reported that 23.2% of their patients’ ECGs were
abnormal [14]. Cardiac causes of chest pain included myocarditis, pericarditis, myopericardi-
tis, myocardial infarction, pulmonary embolism, pneumopericardium, and rhythm distur-
bances (supraventricular tachycardia, long QT syndrome, premature ventricular contraction).
Reporting of previous causes varied among studies: Drossner et al. revealed that six patients
had pericarditis, four had myocarditis, three had myocardial infarction, and seven had supra-
ventricular tachycardia [15]; Gesuete et al. showed that 87% of cardiac causes were due to peri-
cardial diseases and 13% were due to dysrhythmia [16]; Massin et al. reported that cardiac
problems were identified in only 9 out of 130 patients: three patients had supraventricular
reentry tachycardia, two had mitral valve prolapse, and four had sick sinus syndrome, myocar-
ditis with extrasystole, Still disease with pericarditis and cardiac hemochromatosis with left
heart failure, respectively [19].

On the other hand, non-cardiac chest pain causes were more commonly identified than
cardiac causes (97.5% vs 2.5%). The non-cardiac causes reported in our included studies were
as follows: respiratory, gastrointestinal, psychogenic, musculoskeletal, and idiopathic. Of these
causes, Lin et al. reported that respiratory problems in their patients were bronchitis in 11
patients, pneumonia in five, asthma in one, pneumothorax in three, and hyperventilation in
five, while gastrointestinal causes were due to gastritis in three patients and gastroesophageal
reflux in three patients also [18]. Ocampo-Vdazquez et al. reported that 29% of patients suffered
from gastroesophageal reflux disease, while 14.5% of patients had anxiety crises and 12.4% of
patients had idiopathic psychological causes for non-cardiac chest pain [22].

Meta-analysis findings

The prevalence of chest pain causes among the studied population visiting the emergency
department was ranked as follows, from most to least common: non-cardiac, musculoskeletal,
idiopathic, respiratory, psychogenic, gastrointestinal, and cardiac. Presented are a few specific
findings of our analysis for each of these outcomes:

Cardiac causes

Ten studies reported cardiac causes of chest pain among our studied population [15-20, 22,
23]. The pooled prevalence was (0.025, 95% CI [0.013, 0.038]). The pooled studies were
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Prevalence of cardiac chest pain

Study name Statistics for each study Point estimate and 95% C!
Point Standard e
estimate error

Upper
limit  ZValue p-Value

0.457 0.044 0.002 0.370 0.000
0.081 0.024 0.001 0.014 0.011
0.008 0.001 0.000 0.003 0.000
0.0t 0.004 0.000 0.003 0.004
0.028 0.000 0.000 o.028 0.000
0.020 o014 0.000 -0.00 0.147
0.024 0.012 0.000 0.0 0.004
0.007 0.002 0.000 0.00 0.001
0.020 0.020 0.000 0.020 0.322
0.011 ©.004 0.000 0.004 0.003
0.023 0.008 0.000 0013 0.000

-1.00 -0.50 0.00 0.50 1.00

Favours A Favours B8

Fig 2. Prevalence of cardiac chest pain. Forest plot illustrating the prevalence of cardiac chest pain across different
studies, showing point estimates with 95% confidence intervals and associated statistical parameters. Test for overall
effect; p-value = 0.00004, Z-value = 4.0946. Heterogeneity; p-value> 0.001, I* = 98.7%.

https://doi.org/10.1371/journal.pone.0294461.9002

heterogeneous with 12 and p-value = (98.7% and > 0.001, respectively). The forest plot for car-
diac chest pain outcome is illustrated in Fig 2.

Non-cardiac causes

Non-Cardiac chest pain was reported in 10 studies with pooled prevalence = (0.975, 95% CI
[0.962, 0.987]) [13-20, 22, 23]. 12 and p values were (98.7%, and > 0.001, respectively) showing
that pooled studies were heterogeneous. The forest plot for non-cardiac chest pain outcome is
shown in Fig 3.

Respiratory causes

The overall prevalence of respiratory chest pain outcome pooled from eight studies was (0.13,
95% CI [0.092, 0.168]) [14-20, 22, 23]. The pooled studies were heterogeneous (12 = 98.6%,
p > 0.001). The forest plot for this outcome is illustrated in Fig 4.

Gastrointestinal causes

Nine studies reported gastrointestinal chest pain outcome in the studied population [14-20,
22, 23]. The pooled prevalence was (0.053, 95% CI [0.039, 0.067]). The pooled studies were het-
erogeneous with I2 and p-value = (98.4% and > 0.001, respectively). The forest plot for gastro-
intestinal chest pain outcome is illustrated in Fig 5.

Prevalence of Non-cardiac chest pain

Study name Statistics for each study Point estimate and 95% ClI
Point Standard Lower Upper

estimate error Variance  limit limit ZValue p-Value
Babbitt 2022 0.543 0.04 0.002 0.4%8 0620 12284 0.000
Brancato 2021 0.939 0.024 0.001 0.8%2 0.988 39038 0.000 -
Drossner 2011 0.995 0.001 0.000 0.9%2 0.897 903508 0.000
Gesuete 2020 0.989 0.00¢ 0.000 0.982 0.957 28807 0.000
Hambrook 2010 0.972 0.000 0.000 0.972 0972 1R1.394 0.000
Lin 2008 0.580 0.04 0.000 0.953 1.007 71.042 0.000
Massin 2004 0.988 0012 0.000 0.943 0.989 82435 0.000
Mohan 2018 083 0.02 0.000 0.9%0 0.897 506284 0.000
Ocampo-Vizquez 2019 0.980 0.02 0.000 0.940 1.020 48497 0.000
Pissarra 2022 0.989 0.004 0.000 0.982 0.9%¢ 267 857 0.000

0.975 0.008 0.000 0.982 0.587 18778 0.000
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Meta Anatruie

Fig 3. Prevalence of non-cardiac chest pain. Forest plot illustrating the prevalence of non-cardiac chest pain across
different studies, showing point estimates with 95% confidence intervals and associated statistical parameters. Test for
overall effect; p-value> 0.001, Z-value = 156.7. Heterogeneity; p-value> 0.001, 12 = 98.7%.

https://doi.org/10.1371/journal.pone.0294461.g003
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Prevalence of respiratory chest pain

Study name Statistics for each study Point estimate and 95% CI
Point  Standard Lower Upper

estimate error Variance limit limit Z-Value p-Value
Brancato 2021 0.192 0.040 0.002 0.114 0.270 4.850 0.000 -
Drossner 2011 0.200 0.006 0.000 0.188 0212 33302 0.000 n
Gesuete 2020 0.119 0.012 0.000 0.096 0143 9.99% 0.000 | |
Hambrook 2010 0.094 0.000 0.000 0.094 0.094 S61.969 0.000 | |
Lin 2008 0.243 0.042 0.002 0.160 0326 5750 0.000 -
Massin 2004 0.093 0.019 0.000 0.056 0.130 4.924 0.000 u
Mohan 2018 0.035 0.004 0.000 0.026 0.044 7311 0.000
Pissarra 2022 0.128 0.012 0.000 0.105 0.151 10.823 0.000 .

0.130 0.020 0.000 0.092 0.168 6.662 0.000 ’
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Mets Ansrreic

Fig 4. Prevalence of respiratory chest pain. Forest plot illustrating the prevalence of respiratory chest pain across
different studies, showing point estimates with 95% confidence intervals and associated statistical parameters. Test for
overall effect; p-value = 2.698, Z-value = 6.66. Heterogeneity; p-value> 0.001, I* = 98.6%.

https://doi.org/10.1371/journal.pone.0294461.9004

Musculoskeletal causes

Musculoskeletal chest pain was reported in nine studies with pooled prevalence = (0.357, 95%
CI[0.202, 0.512]) [14-20, 22, 23]. I2 and p values were (99.8%, and p > 0.001, respectively)
showing that pooled studies were heterogeneous. The forest plot for this outcome is shown in
Fig 6.

Psychogenic causes

The overall prevalence of psychogenic chest pain outcome pooled from six studies was (0.11,
95% CI [0.043, 0.177]) [14, 16, 17, 19, 22, 23]. The pooled studies were heterogeneous
(I2 = 98%, p > 0.001). The forest plot for psychogenic chest pain outcome is illustrated in Fig 7.

Idiopathic causes

Five studies reported idiopathic chest pain outcome among our studied population [14, 17, 18,
22, 23]. The pooled prevalence was (0.352, 95% CI [0.258, 0.446]). The pooled studies were

Prevalence of gastrointestinal chest pain

Study name Statistics for each study Point estimate and 95% CI
Point Standard Lower Upper

estimate error Variance  limit lmit Z-Value p-Value
Brancsto 2021 0.040 0.020 0000 0001 0079 2031 0.042
Drossner 2011 0.080 0.004 0.000 0052 0.087 16827 0.000
Gesuete 2020 0.079 0.010 0.000 0059 0.088 7.935 0.000 n
Hambrook 2010 0.084 0.000 0.000 0084 0084 458211 0.000 .
Lin 2008 0.058 0.023 0.001 0013 0.103 2518 0012
Massin 2004 0.021 0.009 0000 0003 0.0239 2255 0.024
Mchan 2018 0.027 0.004 0.000 0020 0035 e.871 0.000
Ocampo-Vézquez 2019 0.290 0.065 0004 0162 0418 4428 0000 ——
Pissarra 2022 0.054 0.008 0000 0038 0070 8.749 0.000

0.053 0.007 0000 0039 0.087 7412 0.000 [}
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Moty Anartie

Fig 5. Prevalence of gastrointestinal chest pain. Forest plot illustrating the prevalence of gastrointestinal chest pain
across different studies, showing point estimates with 95% confidence intervals and associated statistical parameters.
Test for overall effect; p-value = 1.243, Z-value = 7.412. Heterogeneity; p-value> 0.001, I* = 98.4%.

https://doi.org/10.1371/journal.pone.0294461.g005
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Prevalence of musculoskeletal chest pain

Study name Statistics for each study Point estimate and 95% CI
Point Standard Lower Upper

estimate error Variance limit limit Z-Value p-Value
Brancato 2021 0.202 0.040 0002 0.123 0.281 5.008 0.000 '.-
Drossner 2011 0.560 0.007 0000 0545 0575 75.139 0.000 .
Gesuete 2020 0.692 0.017 0000 0659 0725 40692 0.000 | |
Hambrook 2010 0.128 0.000 0.000 0.128 0.128 888.435 0.000 [ ]
Lin 2008 0.067 0.025 0001 0019 0115 2720 0.007 [ ]
Massin 2004 0.710 0.029 0001 0652 0768 24088 0.000 =
Mohan 2018 0.113 0.008 0000 0098 0.128 148235 0.000 | ]
Ocampo-Vazquez 2019 0.415 0.071 0005 0276 055 5835 0.000
Pissarra 2022 0.220 0.017 0000 0297 0.363 19.825 0.000 -

0.357 0.078 0008 0202 0512 4520 0.000
1.00 -0.50 0.00 0.50 1.00
Favours A Favours B
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Fig 6. Prevalence of musculoskeletal chest pain. Forest plot illustrating the prevalence of musculoskeletal chest pain
across different studies, showing point estimates with 95% confidence intervals and associated statistical parameters.
Test for overall effect; p-value = 6.198, Z-value = 4.52. Heterogeneity; p-value> 0.001, 12 = 99.8%.

https://doi.org/10.1371/journal.pone.0294461.9006

heterogeneous with 12 and p-value = (96.6% and > 0.001, respectively). The forest plot for idi-
opathic chest pain outcome is illustrated in Fig 8.

GRADE assessment

The certainty of evidence assessed in our systematic review is detailed in (S2 Table). According
to GRADE, all outcomes were at a very low level of certainty. The causes of their downgrading
were the heterogeneity of pooled studies in each assessed outcome and the publication bias as
the observational studies are more attributable to it.

Discussion

This systematic review showed important information regarding the etiology of chest pain in
children. This is perhaps the first metanalysis that explores the causes of pediatric chest pain.
The estimated incidence of sudden cardiac death in children ranges from 0.6 to 6.2 deaths per
100,000, with hypertrophic cardiomyopathy, coronary artery anomalies, and malignant

Prevalence of psychogenic chest pain

Study name Statistics for each study Point estimate and 95% CI
Point  Standard Lower Upper

estimate  error  Variance limit limit Z-Value p-Value
Brancato 2021 0.050 0.022 0.000 0007 0093 2283 002
Gesuete 2020 0.099 0.011 0000 0077 0121 8999  0.000 | |
Hambrook 2010 0.022 0.000 0.000 002 002 261671  0.000
Massin 2004 0.063 0.016 0.000 0032 0094 4002  0.000 [ ]
Ocampo-Vazquez 2019 0.269 0.064 0004 0144 0394 4203  0.000 —
Pissarra 2022 0.216 0.015 0000 0187 0245 14828  0.000 B

0.110 0.034 0001 0043 0177 3223  0.001 &
1.00 -0.50 0.00 0.50 1.00
Favours A Favours B

Maia Ansireic

Fig 7. Prevalence of psychogenic chest pain. Forest plot illustrating the prevalence of psychogenic chest pain across
different studies, showing point estimates with 95% confidence intervals and associated statistical parameters. Test for
overall effect; p-value = 0.0012, Z-value = 3.22. Heterogeneity; p-value> 0.001, I> = 98%.

https://doi.org/10.1371/journal.pone.0294461.g007
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Prevalence of idiopathic chest pain

Study name pStafistics favieach Sudy: Pointestimate and 5% C1.
Point Standard Lower Upper

estimate error Variance  limit limit Z-Value p-Value
Brancato 2021 0.454 0.050 0.003 035 05s2 9.073 0.000
Hambrook 2010 0.388 0.000 0.000 0367 0.369 1331.307 0.000 | ]
Lin 2008 0.592 0.048 0.002 0497 0687 12.225 0.000
Ocampo-Vazquez 2019 0.124 0.048 0.002 0.031 0217 2607 0.009 E o
Pissarra 2022 0.244 0.015 0.000 0214 0274 16.049 0.000 | |

0.352 0.048 0002 0258 0446 7351 0.000 <&
-1.00 -0.50 0.00 0.50 1.00
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Fig 8. Prevalence of idiopathic chest pain. Forest plot illustrating the prevalence of idiopathic chest pain across
different studies, showing point estimates with 95% confidence intervals and associated statistical parameters. Test for
overall effect; p-value = 1.97, Z-value = 7.35. Heterogeneity; p-value> 0.001, I* = 96.6%.

https://doi.org/10.1371/journal.pone.0294461.9008

arrhythmias being responsible for many cases, while coinciding with athletic activities [24].
The risk and fear of misdiagnosing can create stressful scenarios for healthcare providers. This
can lead to excessive diagnostic testing, which can create poor patient experiences as well as
place a great financial burden on the healthcare system. Additionally, determining which chil-
dren are at risk for sudden cardiac death is challenging due to the frequent lack of alarming
symptoms.

Chest pain is common in children and accounts for 0.6% of pediatric emergency depart-
ment visits [25]. Chest pain always raises concern of cardiac abnormalities, but it is rarely car-
diac in origin. When it is, the consequences of misdiagnosis are quite serious. Accurate
diagnosis is required to prevent unnecessary emergency department evaluation and cardiology
referral. In most cases, after obtaining a thorough history and focused physical examination,
no immediate intervention is needed. However, some children may have serious and life-
threatening conditions, and a careful evaluation is required in every child presenting with
chest pain to determine whether a cardiac condition may exist and guide the evaluation strat-
egy [26]. In general, chest pain associated with exercise, syncope, or palpitations requires fur-
ther evaluation and workup.

This study showed that cardiac causes of chest pain are rare in children. More specifically,
our study shows that only 2.5% of our study population had chest pain that was secondary to a
cardiac cause. This supports the previous findings that cardiac-related causes for chest pain in
children are very rare [7, 25, 27]. It is worth noting that our review found variation in the spe-
cific cardiac pathologies among the included studies. This could have been due to several dif-
ferent factors such as patient location, demographics, institution of care, etc. Pericardial
disease was found to be a cause in all three of the studies that mentioned pathological cardiac
etiologies, however it was not the most prevalent in all three studies[27, 28].

Regarding specific pediatric cardiac causes, arrhythmias are implicated in many cardiac-
related presentations [29]. Supraventricular tachycardia is the most common rhythm distur-
bance, and ventricular tachycardia or bradycardias are the most ominous rhythms [29]. These
presentations are serious and require urgent evaluation and pediatric cardiology consultation.

Our review found 97.5% of our study population have a non-cardiac induced presentation
of chest pain. The alternative causes of chest pain reported were respiratory, gastrointestinal,
psychogenic, musculoskeletal, and idiopathic. The most prevalent non-cardiac cause of chest
pain was musculoskeletal followed by idiopathic and then gastrointestinal. This is consistent
with previous studies which have found these causes to be among the most common non-car-
diac causes of pediatric chest pain [7, 8, 27]. Despite that there was still variation in the
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prevalence of these non-cardiac causes in the included studies. The cause of chest pain in
many children remains unknown and warrants further investigation for a clearer understand-
ing of pediatric chest pain etiology.

Our review also analyzed reports of chest pain location and radiation of pain to determine
common presentations of children with cardiac pathologies. Among the studies that reported
this information, the most common presentation of chest pain was retrosternal chest pain. Dif-
fuse chest pain was the second most common reported type of pain. To our knowledge this is
the first review to report chest pain location and radiation amongst a study population.

Our findings have clinical relevance and implications as algorithm-based policies are
expanding nationally to limit reimbursement for visits for non-emergent causes. These algo-
rithms derive emergent need for ED visits from billing codes rather than the presenting symp-
toms. It is therefore important to limit the diagnostic workup and reserve it for patients with
positive findings on initial assessment. A set of red-flag criteria have been determined to help
in the assessment of patients with chest pain [30]. Some red-flag criteria include, but are not
limited to, exertional chest pain, exertional syncope, chest pain radiation, and past medical his-
tory of sudden cardiac death and hypercoagulable state. If a patient does not exhibit any red-
flag criteria at all, then it is likely that the etiology of their chest pain is non-cardiac.

Limitations

This systematic review has several limitations. First, there was significant heterogeneity among
the included studies. Second, many studies were retrospective, which did not allow the authors
to determine the precise cause of chest pain due to the clinicians not being present at the time
of presentation. These studies also have a small patient population with limited follow-up. Fur-
thermore, these results should be interpreted cautiously because only eleven studies could be
included in this review. This may be related to our reliance on a relatively limited number of
databases for the identification of potentially eligible research studies. Also, it is susceptible to
selection bias. There is always a potential for misclassification. For example, a patient may
have a significant diagnosis but may be coded with that specific diagnosis rather than the more
general chest pain.

Future considerations

In our systematic review, it was noted that the prevalence of cardiac pathologies differed
among the included studies. The studies that reported on this all differed in location, demo-
graphics, and institution of care. A similar observation was made for the prevalence of non-
cardiac causes of chest pain as well. These observations warrant more research to further
understand the causes of such variations among study populations.

None of the studies that we reviewed categorized the chest pain location by the specific
cause of chest pain. Further investigation is needed in this area of study as it could prove to be
an essential tool in the practice of ED physicians who encounter pediatric patients with a chief
complaint of chest pain. We also noticed heterogeneity of studies.

Conclusions

Chest pain in children, an infrequent occurrence, typically presents as benign in the realm of
pediatric emergency departments and cardiologist’s offices. Within this context, the approach
to evaluation is marked by its simplicity and efficacy. A comprehensive history-taking, meticu-
lous physical examination, and a judicious screening electrocardiogram (ECG) often prove to
be the sole requisites for excluding the exceedingly rare, yet potentially life-threatening, causes
of chest pain in the pediatric population.
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The use of laboratory tests remains a selective strategy, triggered only when warranted by
the clinical presentation and the findings of the physical assessment. This approach prioritizes
precision and resource optimization in the diagnostic process.

Through this study, we aim to enrich available resources at the disposal of physicians,
empowering them to navigate the intricacies of assessing pediatric patients with chest pain pre-
sentations. By embracing this innovative approach, we hope to enhance the quality of care
delivered while concurrently curbing the utilization of unnecessary investigations, thereby
advancing pediatric medicine.

Practice points

Most children present with chest pain do not have an underlying cardiac cause. Although eval-
uation of chest pain is extensive, it rarely yields cardiac etiology. Extensive workup may not be
needed in patients for whom a clear etiology, other than cardiac disease, can be determined.

Declarations

We confirm that the manuscript has been read and approved by all named authors and that
there are no other persons who satisfy the criteria for authorship but are not listed.

We further confirm that the order of authors listed in the manuscript has been approved by
all of us.

We confirm that we have given due consideration to the protection of intellectual property
associated with this work and that there are no impediments to publication, including the tim-
ing of publication, with respect to intellectual property. In doing so, we confirm that we have
followed the regulations of our institutions concerning intellectual property.

Supporting information

S1 Checklist. PRISMA checklist.
(DOCX)

S1 Appendix. Literature search.
(DOCX)

S1 Table. Assessing the quality of studies and evaluating the risk of bias using the Newcas-
tle-Ottawa Quality Assessment Scale.
(PDF)

S2 Table. Assessment of certainty for the etiologies of chest pain. This table shows the cer-
tainty for the etiologies of chest pain.
(PDF)

Author Contributions

Conceptualization: Mohammed Alsabri, Alaa Ahmed Elshanbary, Mohamed Sayed
Zaazouee.

Formal analysis: Anas Zakarya Nourelden, Ahmed Hashem Fathallah.
Investigation: Jorge Pincay, Zaid Nakadar, Lita Aeder.
Methodology: Jorge Pincay, Zaid Nakadar.

Supervision: Mohammed Alsabri, Mohamed Sayed Zaazouee, Lita Aeder.

PLOS ONE | https://doi.org/10.1371/journal.pone.0294461  April 16, 2024 18/20


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0294461.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0294461.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0294461.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0294461.s004
https://doi.org/10.1371/journal.pone.0294461

PLOS ONE

Outcomes of pediatric patients who present to the emergency department with chest pain

Writing - original draft: Mohammed Alsabri, Alaa Ahmed Elshanbary, Anas Zakarya Nour-

elden, Ahmed Hashem Fathallah, Mohamed Sayed Zaazouee, Muhammad Wasem.

Writing - review & editing: Mohammed Alsabri, Anas Zakarya Nourelden, Ahmed Hashem

Fathallah, Mohamed Sayed Zaazouee, Muhammad Wasem, Lita Aeder.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Chen L, Duan H, Li X, Yang Z, Jiao M, Sun K, et al. (2021). The Causes of Chest Pain in Children and
the Criteria for Targeted Myocardial Enzyme Testing in Identifying the Causes of Chest Pain in Children.
Front. Cardiovasc. Med. 8:582129. https://doi.org/10.3389/fcvm.2021.582129 PMID: 33738299

Januzzi J. L. Jr, & McCarthy C. P. (2018). Evaluating chest pain in the emergency department: Search-
ing for the optimal gatekeeper. Journal of the American College of Cardiology, 71(6), 617—619.

Pope J. H., Aufderheide T. P., Ruthazer R., Woolard R. H., Feldman J. A., Beshansky J. R., Griffith J.
L., & Selker H. P. (2000). Missed diagnoses of acute cardiac ischemia in the emergency department.
The New England Journal of Medicine, 342(16), 1163—-1170 https://doi.org/10.1056/
NEJM200004203421603 PMID: 10770981

McCullough P. A., Ayad O., O’'Neill W. W., & Goldstein J. A. (1998). Costs and outcomes of patients
admitted with chest pain and essentially normal electrocardiograms. Clinical Cardiology, 21(1), 22-26
https://doi.org/10.1002/clc.4960210105 PMID: 9474462

Saleeb SF, Li WY, Warren SZ, Lock JE. Effectiveness of screening for life-threatening chest pain in chil-
dren. Pediatrics. 2011 Nov; 128(5):e1062-8. https://doi.org/10.1542/peds.2011-0408 PMID: 21987702

Selbst S. M. (2010). Approach to the child with chest pain. Pediatric clinics of North America, 57(6),
1221-1234. https://doi.org/10.1016/j.pcl.2010.09.003 PMID: 21111115

Eslick GD. Epidemiology and risk factors of pediatric chest pain: a systematic review. Pediatr Clin North
Am. 2010 Dec; 57(6):1211-9. https://doi.org/10.1016/j.pcl.2010.09.013 PMID: 21111114

Evangilista HA, Parsons M, Renneburg AK. Chest pain in children: diagnosis through history and physi-
cal examination. J Pediatr Health Care 2000; 14:3. https://doi.org/10.1016/s0891-5245(00)70037-x
PMID: 11141824

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ. 2021; 372:n71. https://doi.org/10.1136/bmj.n71 PMID: 33782057

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane handbook for system-
atic reviews of interventions version 6.2 [updated February 2021]. Cochrane Handbook for Systematic
Reviews of Interventions. 2021.

Miller SA, Forrest JL. Enhancing your practice through evidence-based decision making: PICO, learn-
ing how to ask good questions. Journal of Evidence Based Dental Practice. 2001/10/01/2001; 1
(2):136—141. https://doi.org/10.1016/S1532-3382(01)70024-3.

Kirmayr M, Quilodran C, Valente B, Loezar C, Garegnani L, Franco JVA. The GRADE approach, Part 1:
how to assess the certainty of the evidence. Medwave. 2021 Mar 17; 21(2):e8109. Spanish, English.
https://doi.org/10.5867/medwave.2021.02.8109 PMID: 33830974.

Babbitt MJ, Byrne F, Morphew T. Pediatric Myopericarditis Presenting to the Emergency Department
as Chest Pain: A Comparative Study With Myocarditis. Pediatr Emerg Care. 2022 Feb 1; 38(2):e761—
e765. https://doi.org/10.1097/PEC.0000000000002376 PMID: 35100774.

Brancato F, De Rosa G, Gambacorta A, Nunziata A, Ferrara P, Buonsenso D, et al. Role of Troponin
Determination to Diagnose Chest Pain in the Pediatric Emergency Department. Pediatr Emerg Care.
2021 Dec 1; 37(12):e1589-e1592. ltalian, English. https://doi.org/10.1097/PEC.0000000000002123
PMID: 32541399.

Drossner DM, Hirsh DA, Sturm JJ, Mahle WT, Goo DJ, Massey R, et al. Cardiac disease in pediatric
patients presenting to a pediatric ED with chest pain. Am J Emerg Med. 2011 Jul; 29(6):632-8. https://
doi.org/10.1016/j.ajem.2010.01.011 Epub 2010 Jul 13. PMID: 20627219.

Gesuete V, Fregolent D, Contorno S, Tamaro G, Barbi E, Cozzi G. Follow-up study of patients admitted
to the pediatric emergency department for chest pain. Eur J Pediatr. 2020 Feb; 179(2):303-308. https://
doi.org/10.1007/s00431-019-03495-5 Epub 2019 Nov 15. PMID: 31728674.

Hambrook JT, Kimball TR, Khoury P, Cnota J. Disparities exist in the emergency department evaluation
of pediatric chest pain. Congenit Heart Dis. 2010 May-Jun; 5(3):285-91. https://doi.org/10.1111/j.1747-
0803.2010.00414.x PMID: 20576048.

Lin CH, Lin WC, Ho YJ, Chang JS. Children with chest pain visiting the emergency department. Pediatr
Neonatol. 2008 Apr; 49(2):26-9. https://doi.org/10.1016/S1875-9572(08)60007-8 PMID: 18947012.

PLOS ONE | https://doi.org/10.1371/journal.pone.0294461  April 16, 2024 19/20


https://doi.org/10.3389/fcvm.2021.582129
http://www.ncbi.nlm.nih.gov/pubmed/33738299
https://doi.org/10.1056/NEJM200004203421603
https://doi.org/10.1056/NEJM200004203421603
http://www.ncbi.nlm.nih.gov/pubmed/10770981
https://doi.org/10.1002/clc.4960210105
http://www.ncbi.nlm.nih.gov/pubmed/9474462
https://doi.org/10.1542/peds.2011-0408
http://www.ncbi.nlm.nih.gov/pubmed/21987702
https://doi.org/10.1016/j.pcl.2010.09.003
http://www.ncbi.nlm.nih.gov/pubmed/21111115
https://doi.org/10.1016/j.pcl.2010.09.013
http://www.ncbi.nlm.nih.gov/pubmed/21111114
https://doi.org/10.1016/s0891-5245%2800%2970037-x
http://www.ncbi.nlm.nih.gov/pubmed/11141824
https://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1016/S1532-3382(01)70024-3
https://doi.org/10.5867/medwave.2021.02.8109
http://www.ncbi.nlm.nih.gov/pubmed/33830974
https://doi.org/10.1097/PEC.0000000000002376
http://www.ncbi.nlm.nih.gov/pubmed/35100774
https://doi.org/10.1097/PEC.0000000000002123
http://www.ncbi.nlm.nih.gov/pubmed/32541399
https://doi.org/10.1016/j.ajem.2010.01.011
https://doi.org/10.1016/j.ajem.2010.01.011
http://www.ncbi.nlm.nih.gov/pubmed/20627219
https://doi.org/10.1007/s00431-019-03495-5
https://doi.org/10.1007/s00431-019-03495-5
http://www.ncbi.nlm.nih.gov/pubmed/31728674
https://doi.org/10.1111/j.1747-0803.2010.00414.x
https://doi.org/10.1111/j.1747-0803.2010.00414.x
http://www.ncbi.nlm.nih.gov/pubmed/20576048
https://doi.org/10.1016/S1875-9572%2808%2960007-8
http://www.ncbi.nlm.nih.gov/pubmed/18947012
https://doi.org/10.1371/journal.pone.0294461

PLOS ONE

Outcomes of pediatric patients who present to the emergency department with chest pain

19.

20.

21.

22,

23.

24,
25.

26.

27.

28.

29.

30.

Massin M.M., Bourguignont A., Coremans C., Comté L., Lepage P., Gérard P. Chest pain in pediatric
patients presenting to an emergency department or to a cardiac clinic. Clin Pediatr 2004; 43: 231-238.

Mohan S, Nandi D, Stephens P, M'Farrej M, Vogel RL, Bonafide CP. Implementation of a Clinical Path-
way for Chest Pain in a Pediatric Emergency Department. Pediatr Emerg Care. 2018 Nov; 34(11):778—
782. https://doi.org/10.1097/PEC.0000000000000861 PMID: 27649041; PMCID: PMC5359077.

Neff J, Anderson M, Stephenson T, Young J, Hennes H, Suter R. REDUCE-PCP study: radiographs in
the emergency department utilization criteria evaluation-pediatric chest pain. Pediatr Emerg Care. 2012
May; 28(5):451-4. https://doi.org/10.1097/PEC.0b013e31825355b5 PMID: 22531188.

Ocampo-Vazquez CM, Hernandez-Benitez R, Iglesias-Leboreiro J, Bernardez-Zapata |, Luna MM, Cer-
vantes-lzaguirre AP. Pediatric precordial pain, Hospital Espafiol de México’s experience. Arch Cardiol
Mex. 2019; 89(1):26-32. English. https://doi.org/10.24875/ACME.M19000005 PMID: 31448775.

Pissarra R, Pereira M, Amorim R, Neto BP, Lourenco L, Santos LA. Chest pain in a pediatric emergency
department: clinical assessment and management reality in a third-level Portuguese hospital. Porto
Biomed J. 2022 Jun 17; 7(3):e150. https://doi.org/10.1097/j.pbj.0000000000000150 PMID: 35801223;
PMCID: PMC9257298.

Andrew WB, Julian F: How to evaluate a child with chest pain. Curr Paediatr. 2004; 14:64—70

Kocis KC. Chest pain in pediatrics. Pediatr Clin North Am. 1999 Apr; 46(2):189-203. https://doi.org/10.
1016/s0031-3955(05)70112-7 PMID: 10218069

Sumski CA, Goot BH. Evaluating Chest Pain and Heart Murmurs in Pediatric and Adolescent Patients.
Pediatr Clin North Am. 2020 Oct; 67(5):783—799. https://doi.org/10.1016/j.pcl.2020.05.003 PMID:
32888681

Leung AK, Robson WL, Cho H. Chest pain in children. Can Fam Physician. 1996 Jun; 42:1156-60,
1163—4. PMID: 8704491

Pomerantz A, De Souza HG, Hall M, Neuman MI, Goyal MK, Samuels-Kalow ME, et al. Racial and Eth-
nic Differences in Insurer Classification of Nonemergent Pediatric Emergency Department Visits. JAMA
Netw Open. 2023 May 1; 6(5):€2311752. https://doi.org/10.1001/jamanetworkopen.2023.11752 PMID:
37140920

Anderson BR, Vetter VL. Arrhythmogenic causes of chest pain in children. Pediatr Clin North Am. 2010
Dec; 57(6):1305-29. https://doi.org/10.1016/j.pcl.2010.09.005 PMID: 21111119

Harahsheh ASO’Byrne ML, Pastor B, Graham DA, Fulton DR. Pediatric Chest Pain-Low-Probability
Referral: A Multi-Institutional Analysis From Standardized Clinical Assessment and Management Plans
(SCAMPs®), the Pediatric Health Information Systems Database, and the National Ambulatory Medical
Care Survey. Clin Pediatr (Phila). 2017 Nov; 56(13):1201-1208.

PLOS ONE | https://doi.org/10.1371/journal.pone.0294461  April 16, 2024 20/20


https://doi.org/10.1097/PEC.0000000000000861
http://www.ncbi.nlm.nih.gov/pubmed/27649041
https://doi.org/10.1097/PEC.0b013e31825355b5
http://www.ncbi.nlm.nih.gov/pubmed/22531188
https://doi.org/10.24875/ACME.M19000005
http://www.ncbi.nlm.nih.gov/pubmed/31448775
https://doi.org/10.1097/j.pbj.0000000000000150
http://www.ncbi.nlm.nih.gov/pubmed/35801223
https://doi.org/10.1016/s0031-3955%2805%2970112-7
https://doi.org/10.1016/s0031-3955%2805%2970112-7
http://www.ncbi.nlm.nih.gov/pubmed/10218069
https://doi.org/10.1016/j.pcl.2020.05.003
http://www.ncbi.nlm.nih.gov/pubmed/32888681
http://www.ncbi.nlm.nih.gov/pubmed/8704491
https://doi.org/10.1001/jamanetworkopen.2023.11752
http://www.ncbi.nlm.nih.gov/pubmed/37140920
https://doi.org/10.1016/j.pcl.2010.09.005
http://www.ncbi.nlm.nih.gov/pubmed/21111119
https://doi.org/10.1371/journal.pone.0294461

