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Abstract: This review investigates the relationship between pediatric obstructive sleep apnea, often
associated with adenotonsillar hypertrophy, and cardiovascular health, particularly pulmonary hy-
pertension. We conducted a comprehensive literature search using electronic databases, including
Medline Pub-Med, Scopus, and the Web of Science. The study analyzed a total of 230 articles and
screened 48 articles, with 20 included in the final analysis, involving 2429 children. The PRISMA
flowchart visually illustrates the selection process, and the ROBINS-E and -I tools help ensure the
reliability and validity of the evidence produced by these studies. These studies explored various
aspects, including the severity of obstructive sleep apnea, cardiac anomalies, cardiac stress markers,
risk factors for pulmonary hypertension, and the impact of adenoidectomy and tonsillectomy on
cardiac function. The research found that adenotonsillar hypertrophy and obstructive sleep apnea
are significant risk factors for cardiovascular complications, especially pulmonary hypertension, in
children. Adenoidectomy and tonsillectomy may provide effective treatments. Following adenoidec-
tomy in relation to obstructive sleep apnea, there appears to be a reduction in mean pulmonary artery
pressure during echocardiographic examination. However, the efficacy of these procedures can vary
based on the severity of obstructive sleep apnea and individual cardiac conditions. The study also
identified concerns regarding data bias. The authors emphasize the need for well-designed clinical
studies, including both healthy patients with adenotonsillar hypertrophy and vulnerable children
with genetic disorders, to ensure that clinical decisions are based on solid scientific evidence.

Keywords: A&T; adenotonsillectomy; ATH; adenotonsillar hypertrophy; OSA; obstructive sleep
apnea; PH; pulmonary hypertension; SDB; sleep-disordered breathing

1. Introduction

Obstructive sleep apnea (OSA) in the pediatric population is a clinical condition char-
acterized by complete or partial upper airway obstruction during sleep. Clinical history
typically includes symptoms such as snoring, laboured breathing during sleep, daytime
sleepiness, and learning or behavioural issues [1]. Epidemiological studies revealed that
the prevalence of OSA in children ranges from 1% to 5%, solidifying its status as a rel-
atively common condition among the pediatric population [2]. In individuals suffering
from OSA, the normal airflow during sleep is significantly reduced or, in severe cases,
wholly obstructed due to anatomical abnormalities in the upper airway, most notably

Children 2024, 11, 208. https:/ /doi.org/10.3390/ children11020208

https://www.mdpi.com/journal/children


https://doi.org/10.3390/children11020208
https://doi.org/10.3390/children11020208
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/children
https://www.mdpi.com
https://orcid.org/0000-0002-8659-5505
https://orcid.org/0000-0001-5453-724X
https://doi.org/10.3390/children11020208
https://www.mdpi.com/journal/children
https://www.mdpi.com/article/10.3390/children11020208?type=check_update&version=1

Children 2024, 11, 208

2 0f 22

adenotonsillar hypertrophy (ATH) in children [1]. OSA has been linked to disruptions in
growth, neurobehavioral function, and inflammatory processes. Sleep-disordered breathing
(SDB) in the pediatric population, including OSA, may be associated with cardiovascular
complications [3].

The complex relationship between inflammation and OSA is marked by its intricacy
and the potential for bi-directionality. In particular, OSA encompasses various facets of the
inflammatory response. Notably, intermittent nocturnal hypoxia has been associated with
increased oxidative stress, elevated pro-inflammatory markers, and decreased endothelial
function [4]. Consequently, endothelial dysfunction is closely linked to cardiovascular
events and the progression of cardiovascular diseases [5]. This multifaceted interplay
underscores the necessity for a comprehensive understanding and management of OSA
in pediatric patients. Children with OSA face an elevated risk of experiencing autonomic
dysfunction, endothelial impairment, and ventricular re-modelling. Previous studies
indicated that OSA substantially increases the risk of hypertension, arrhythmias, ventricular
morphological abnormalities, ventricular contractility compromise, and right atrial pressure
elevation in children and adolescents [6]. Risk factors for hypertension include older age,
obesity, and the severity of OSA [7].

The prevalence of pediatric pulmonary hypertension (PH) is on the rise, owing to
improved identification and increased patient survival, and it remains a substantial cause of
morbidity and mortality [8,9]. The estimated incidence of sustained PH across all categories
has been reported to range between 4 and 10 cases per million children annually [10].
Recent studies have advanced our understanding of pediatric PH, yet its management
remains challenging due to the absence of evidence-based clinical trials [11]. Only a few
studies have reported an association between OSA and PH in children and adolescents.
Moreover, minor cohort studies showed improvements in left ventricular (LV) and right
ventricular (RV) performance in young children and teenagers with moderate-to-severe
OSA after adenoidectomy and tonsillectomy (A&T) [6].

Aims of the study:

The aim of this study was to examine the roles of ATH and obstructive sleep apnea
(OSA) as risk factors in the development of various cardiac abnormalities. Additionally, the
study aimed to assess the potential therapeutic value of A&T in improving cardiac function
in children with OSA caused by ATH.

2. Materials and Methods

We searched the electronic databases of Medline PubMed Advanced Search Builder,
Scopus, and Web of Science (WOS) using MeSH terms (https://meshb.nlm.nih.gov/,
accessed on 31 August 2023) and the following text words:

WOS: TS = (“children” OR “infant” OR “pediatric” OR “Peadiatric”) AND TS = (“pul-
monary hypertension” OR “ pulmonary artery pressure”) AND TS = (“sleep-disordered
breathing” OR “sleep apnea”)

SCOPUS (EXPORT DATE: 31 August 2023): (“children” OR “infant” OR “pediatric”
OR “Paedjiatric”) AND (“pulmonary hypertension” OR “pulmonary artery pressure”) AND
(“sleep-disordered breathing” OR “sleep apnea”)

PUBMED (EXPORT DATE: 31 August 2023): (“children” OR “infant” OR “pediatric”
OR “Paediatric”) AND (“pulmonary hypertension “ OR “pulmonary artery pressure”)
AND (“sleep-disordered breathing” OR “sleep apnea”)

PICOS criteria:

The PICOS criteria [12] and key elements of the research for the selection of included
studies were defined as follows:

Participants:

Inclusion: Children aged 1 to 18 years with a confirmed diagnosis of OSA, SDB, ATH,
or adenoid hypertrophy, and children with snoring symptoms. All studies providing data
on a significant number of participants (>20). Children aged 1 to 18 years. Exclusion:
Children with significant comorbidities or other medical conditions unrelated to ATH
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that could influence the analysis. Studies that do not provide information on the age
of participants.

Intervention:

Inclusion: Children undergoing adenoidectomy/A&T and/or children with OSAS/
SDB/snoring undergoing A&T. Exclusion: Interventions other than adenoidectomy/T&A
or A&T.

Comparison:

Inclusion: Control groups composed of children without ATH, children without OSA,
and children without snoring. Comparisons between pre- and post-A&T results. Exclusion:
Studies without a direct comparison before and after the intervention or lacking comparison
between groups.

Outcome:

Primary and Secondary: Changes in cardiac function, improvements in cardiac dy-
namics, and assessments of pulmonary blood pressure after adenoidectomy or A&T in
children with OSA or ATH. Cardiac alterations in children with OSA compared to controls.
Exclusion: Significant comorbidities that could influence cardiac outcomes independently
of the presence of ATH or OSA. Unrelated additional interventions (e.g., cardiac surgery)
that could independently impact cardiac outcomes. Studies or participants not relevant to
the specific population of children with ATH, OSA, or other conditions of interest.

Study Design:

Inclusion: Observational with a control group (observational and comparative), tempo-
ral perspective (prospective, observational, cross-sectional, and longitudinal), unspecified
temporal structure (cross-sectional, comparative, observational, retrospective studies).
Exclusion: Reviews, systematic reviews, meta-analyses, abstracts, and letters.

We applied strict exclusion criteria, which included the removal of articles written in
languages other than English, as well as reviews, case reports, letters, studies involving
adults (aged > 18 years), studies lacking specific outcome measures, and duplicate studies
that had been published multiple times or identified through various data sources.

Two independent reviewers meticulously reviewed the data extraction process for
each study, thereby reducing the potential for errors and interpretational biases. In cases
where discrepancies arose between the reviewers, a third reviewer was consulted to address
these issues, ensuring the accuracy and consistency of data extraction. Additionally, the
reviewers evaluated the methodological quality of each study, considering the strength of
the study design and the validity of the results. This comprehensive assessment aimed
to gauge the overall quality of the scientific evidence presented in the included studies.
The PRISMA flowchart illustrates the inclusion criteria, exclusion criteria, and the rigorous
methodological approach employed in this study (http://www.prisma-statement.org/
PRISMAStatement/FlowDiagram, accessed on 31 August 2023).

Evaluation of the Risk of Publication Quality Distortion

We thoroughly examined potential sources of overall bias that could influence the
findings of these studies. These included selection bias, information bias, confounding bias,
detection bias, retrospective bias, attrition bias, and expectation bias.

Additionally, we applied the ROBINS-E tool (Risk Of Bias In Non-randomized Studies
of Exposure) as a systematic method for evaluating the bias risk in observational epidemio-
logical studies [13]. We employed assessment tools for evaluating the risk of publication
quality distortion as per Mcguinness and Higgins [14] (accessed on 6 October 2023). The
questions in these tools meticulously assessed the methods and results of the studies,
providing ratings of “High”, “Low”, or “Some Concerns” [15].

The ROBINS-I tool was utilized to evaluate potential bias in estimates of comparative
intervention effectiveness, i.e., whether studies had harmful or beneficial effects. This
assessment was applied in studies where randomization was not used to allocate individual
units or clusters of individuals into different comparison groups [13]. The questions in
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these tools meticulously assessed the methods and results of the studies, providing ratings
of “Serious”, “Moderate”, or “Low”.

3. Results

We initially extracted a total of 230 articles after removing duplicates. After meticu-
lously screening titles and abstracts, we identified 48 studies aligned with our research
objectives. Out of these, 28 studies investigated cardiac complications in children with
SDB and related syndromes. We then thoroughly examined these studies to assess their
relevance and quality further. Following this rigorous evaluation process, we ultimately
included 20 articles in our analysis (Figure 1).

Records identified through

=
-8 database search (Pubmed n = 92,
_S Scopus n= 169, WOS n=51)
=
€ TOTAL n=312
9]
=
Records excluded
(n=182)
Reasons:
) . =
Records after duplicates removed Rewew unrelated, n = 24
(n=230) » Review related, n = 25
g" Manuscript unrelated, n = 68
= Not English language, n =7
9]
@ Case reports unrelated, n = 39
5 Case reports related, n = 11
Adults,n =5
Records screened Abstract i =3
I (n=48) ’
)
Y
> Full-text articles assessed Full-text articles excluded
= for eligibility > (n = 28) because:
& (n=48) Down syndrome, n = 10
w
Sickle cell disease, n = 10
— —Willi —
Studies included in Prader—Willi syndrome, n = 1
— qualitative synthesis Various syndromes, n =7
(n =20, Table 1) Y
: )
Q
o]
=
E Studies included in quantitative synthesis (n = 20)
—

Figure 1. The PRISMA flow diagram visually represents the study selection process and the number
of studies included at each stage (31 August 2023).

Tables 1 and 2 summarise the cardiac dynamics in individuals with OSA and the
results of surgical interventions involving A&T on these physiological factors. The studies
incorporated into this compilation offer an in-depth perspective on the clinical impli-
cations of such a procedure. Notably, the research presented in the tables has delved
into the intricate interaction between ATH, OSA, and cardiological complications within
pediatric populations.
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Table 1. The table presents various authors’ studies from 2003 to 2023, each with distinct research objectives, subjects, and methodologies.
Cases Controls L]g?sg::s:f OSA Severity Age at OSA Severity Follow-u
First Author  Type of Study Purpose (Number, (Number, Methods Indices at 8 Index at ~up
before . . Follow-up Duration
Age) Age) . . Diagnosis Follow-up
Diagnosis
OBSERVATIONAL
MPI-RV in 21 children chh}ille;jéiy Doppler echocar-
Duman D. Observational ATH, OSA, with grade 3 diography before >6 months
et al. (2008) study with a and PH. and 4 ATH ?aetziildszz and after A&T.  (ATH duration OS_A831 is;;re Not reported OS_A3 61 is;gre ﬁoitif
[16] control group  Effects of A&T (13 males, (gl 1 males OSA-18 not known) - -
on MPL 7.3 £ 1.8 years). 72 + 2.2 years). questionnaire.
Echocardiographic
and Doppler
Subclinical parameters;
cardiac tissue Doppler
dysf.unctlor} in 30 children 30 Fontrol parameters of RV
patients with with grade 3 children, and LV
Cincin A. etal. Observational symptoms due or 4 ATH (age matched for myocardial Not reported O‘%A—18' Notreported  Not reported  Not reported
(2014) [17] study to ATH and age and performance. questionnaire
7.86 +3.83
the echocar- ears) sex (age OSA-18
diographic y 8 £ 2.77 years) questionnaire.
impact Repeat echocar-
of A&T. diographic
examination
after A&T.
RETROSPECTIVE
The 163 children PSG. PHin
occurrence of (age 7.7 + 4.8 children is
PH in children ge /- ' defined as a PSG, AHI
Burns A.T. Retrospective  with OSA and years), mean pulmonar 5.5 events/hour,
et al. (2019) pec . AHI Not available P Y Not reported . " Notreported  Notreported Not reported
[18] analysis the potential 5.5 events/h arterial pressure IQR 2.4-12.1
predictors of ) > 25 mmHg, events/hour
(IOR 2.4-12.1 .
an elevated right heart
events/h)

PH risk.

catheterization.
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Table 1. Cont.
Cases Controls L]g?sg::s:f OSA Severity Age at OSA Severity Follow-u
First Author  Type of Study Purpose (Number, (Number, Methods bef Indices at F llg ) Index at Durati P
Age) Age) oerore. Diagnosis offow-up Follow-up uration
Diagnosis
PSG.
Echocardiogram:
PH screening
within 6 months
Prevalence of Plflfr{)osrg;‘y
Bitners A.C. Retrospective eig;’:éig aRsVa 63\/0itchhél)(é§n vascular PSG (mild,
etal. (2021) P P Ker of ’ Not available resistance Not reported moderate, Not reported  Not reported  Not reported
[19] review marker o PH age 8.9 elevated above severe)
in children (56.5-13.1) years right atrium
with OSAS. pressure or
elevated
pulmonary
vascular
resistance.
358 children
(age
5.9 £ 3.6 years;
range
1.1-21.8 years)
OSA severity with severe
level and car- OSAS PSG and
diopulmonary undergoing preoperative
Clements A.C. . s ;i .
etal. (2021) Retrospectlve comorbidities  A&T (genetic Not available testmg.. oAHI, Not reported PSG =303 Not reported Not reported  Not reported
[20] review jchat c.o.uld b.e syndromgs, hypoxia aer (23.8)
identified via prematurity, hypercapnia,
preoperative congenital severity of OSAS.
testing. heart disease,
and
pulmonary
comorbidities
were

included).
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Table 1. Cont.
Cases Controls L]g?sg::s:f OSA Severity Age at OSA Severity Follow-u
First Author  Type of Study Purpose (Number, (Number, Methods Indices at 8 Index at ~up
before . . Follow-up Duration
Age) Age) . . Diagnosis Follow-up
Diagnosis
CROSS-
SECTIONAL
Children
undergoing A&T
Relationship for OSA’.PSG'
echocardiogra-
between
NT-proBNP phy, and CRP
Goldbart AD Cross- and 90 children 45 health and NT-proBNP AHI 169 + 16
et al. (2010) sectional and . with OSA (age . Y assay. Three 3 months ’ Not reported ~ Not reported 3 months
1 cardiovascular children. events/hour
[21] longitudinal .. 20 £+ 7 months). months after
function in .
. A&T, 72 children
children
with OSA. were
re-examined for
NT-proBNP and
CRP assay.
Association of
palatine tonsil
size (T/P, Brodsky scale;
radiography) OSA-18
and questionnaire;
pulmonary Palatine tonsil
Granzotto E.H. Cross- artery 45 children size according to 247 +27.8 OSA-18 =
et al. (2010) sectional pressure (age 72.0 £ Not available. Shintani; (2-168) 86.20 £ 20.60 Not reported ~ Not reported  Not reported
[22] study measured by 32.3 months). Doppler months (31-126)
Doppler ecocardiogram.
echocardiogra- Children with an
phy in indication
children with for A&T.

an indication
for A&T.
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Table 1. Cont.

Cases Controls L]g?sg::s:f OSA Severity Age at OSA Severity Follow-u
First Author  Type of Study Purpose (Number, (Number, Methods before Indices at Foll%)w-u Index at Duratiorf
Age) Age) . . Diagnosis P Follow-up
Diagnosis
95 children
with OSA and
ATH;
4 groups: onlly
hyp ertrop hic Brodsky score
- adenoids and adenoids-to-
Association (n. 40, age nasopharvnx
between 6.96 + 2.11 D AL
Tatlipinar A Cross- upper airway years); only 14 children and B.rouile te's OSA-18,
etal. (2012) sectional obstruction hypertrophy (age7.21 + uestionnaire Not reported Brouilette Not reported ~ Not reported  Not reported
[23] study and cardiopul-  of the tonsils 2.08 years) cil"rans thoracic' classification
monary (n.6, age two-dimensional
complications. 7.00 £1.54 echocardioora-
years); h &
hypertrophic phy:
adenoids and
tonsils (n.35,
6.69 £ 1.68
years)
. Brodsky
Prevalence alZeSdcgl ISICHS}{ classification and
Marangu D.  Cross sectional — and associated 1g4_3 5') oars Friedman Median 14 Clinical
etal. (2014) hospital-based ~ PH factors in V\'fith 'a deynoi d Not available classification. (IOR 2-51) svmptoms Not reported ~ Not reported  Not reported
[24] survey children hvpertroph Doppler echocar- months ymp
with ATH. yp Py diography to
graphy
and OSA

determine PH.
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Table 1. Cont.
Cases Controls L]g?sg::s:f OSA Severity Age at OSA Severity Follow-u
First Author  Type of Study Purpose (Number, (Number, Methods Indices at 8 Index at ~up
before . . Follow-up Duration
Age) Age) Diagnosis Diagnosis Follow-up
COMPARATIVE
RV function
and mean
pulmonary 27 children Grades 3 or
. artery (age 4 hypertrophy of
Ié%cl‘; ?;5&1]1" Comf ac11:at1ve pressure in 8 £ 2 years) Not available. the tonsils. Not reported ~ Brodsky scale =~ Not reported  Not reported 3 months
Sty children with with A&T and
ATH only ATH. echocardiogram.
undergoing
A&T.
152 snoring
Relationship 65};(111:;}1 PSG
Cai X.H. et al. Comp ar.atwe bet.ween snorers (age 60 controls Maxillofacial AHI=15.6 8.50 4 2.17 Approximately
observational snoring and (age 6.00 ) Not reported events/hour Not reported
(2013) [26] o 6.02 £ 2.79 malformations, years 3 years
study morbidity ith 2.48 years) hocardi (5.1-85.7)
in children years), 89 wit echocardiogram.
' OSA (age 5.57
=+ 2.55 years)
PROSPECTIVE
Follow-up
echocardio-
Changes in RV 30 children exagrl;?ilr)lzgon
performance with Brouilette’s ‘ Duration of
Abd Prospective parameters adenoidal uestionnaire obstructive
El-Moneim crossover after ade- hypertrophy . d . : Brouilette 36
. . . . Not available. ~ Echocardiogram apnea Not reported ~ Not reported
ES. etal. observational = noidectomy in (median age ¢ score (>3.5) (30-52) days
(2009) [27] stud children with 5 years, range and cardiac symptoms 2.2
! adenoid y2.5 .';nd ® Doppler (12-9) years
hypertrophy. 12 years). examination one
day before and at
the

follow-up visit.
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Table 1. Cont.
Cases Controls L]g?;g::s:f OSA Severity Age at OSA Severity Follow-u
First Author  Type of Study Purpose (Number, (Number, Methods Indices at 5 Index at ~up
before . . Follow-up Duration
Age) Age) . . Diagnosis Follow-up
Diagnosis
Impact of OSA PSG (AHI),
pertormance. ssheaty L
Attia G. et al Prospective Iz1silr1 tissue 42 children children pD};/ ler PSG, AHI
) ’ P & with OSA matched by pp Not specified 11.74 £ 2.6 Not reported  Notreported  6-8 months
(2010) [28] study Doppler, ultrasound. A&T,
. (5 & 3.14 years) age and events/hour
echocardiogra- ender re-evaluated by
phy, and & ' PSG and echocar-
after A&T. diography.
41 children Tissue Doppler,
RV function (age pulse
Cetin M. et al [Prospective before and 6.0 = 2.5years): 40 control echocardiogram, Questionnaire
(2014) '[29] ' s tf dy] after A&T in 15 adenoidec-  children (age  and conventional =~ Not reported of symptoms Not specified ~ Not reported 6 months
y children tomies, 6.0 £ 2.4 years). echocardiography ymp
with ATH. 26 tonsillec- preoperatively
tomies and at follow-up.
LV function in 30 children Tissue Doppler
. . (age59 %21 .
children with ears) with echocardiogra-
ATH,; effects of u}};per airway 30 healthy phy, conventional
Getin M. et al. Prospective A&T on v obstruction, children (age echocardiogra- Not reported  Questionnaire =~ Not reported  Not reported 6 months
(2017) [30] study function by phy, before and
. who 5.9 £ 2.1 years). .
comparing pre- underwent after A&T. Sinus
and post- . radiographs and
operative data adenoidec- Brodsky scale
P " tomy/T&A. '
Cohen and Konak
To assess the method and
impact of A&T 37 children
on RV (7.72 £2.22 Brodsky scale,
Kim D.Y. et al. Prospective S ' ’ . STOP question- STOP
function in years) Not available . . Not reported . Not reported ~ Not reported 12 months
(2018) [31] cohort study . . naire, transthoracic Questionare
children with underwent echocardiogranh
OSA caused T&A. before ;gnr dp Y
by ATH.

after A&T.
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Table 1. Cont.
Cases Controls L]g?sg::s:f OSA Severity Age at OSA Severity Follow-u
First Author  Type of Study Purpose (Number, (Number, Methods Indices at 8 Index at ~up
before . . Follow-up Duration
Age) Age) Diagnosis Diagnosis Follow-up
To establish
pulmonary
arterial Brodsky scale,
rse};ssﬁ)l}(lecin 50 children ue(s)tsi’ﬁriliire
cl’r:ildren with (age 8.34 i) lgteral X-ray o,f
. . 3.57 years
Bahgat A. et al. Prospective OSA with with loud Not available the nasop}}arynx, Not reported OSA—lS . Not reported Not reported 3 months
P P P
(2022) [32] study ATH. To snoring and echocardiogra- questionnaire
evaluate phy.
whether A&T OSA due A&T: 3 months
has any effect to ATH. follow-up
on pulmonary after A&T.
blood
pressure.
Parameters of Echocardiographic
cardiac 23 children examination
Sameema V.V. Prospective e(ftﬁi)f:rodr}ov lia— (2%(; 7.§:r§ prl;)srtoef&T 222+ 147 Clinical
et al. (2022) P & o years, Not available sery: ' ' o Not reported ~ Not reported 3 months
[33] study phy before range Follow-up with years criteria
: and after A&T 4-12 years) echocardio-
in children with ATH. graphic
with ATH. examination.
MOS score: MOS
PIIfImifiEiclfifefn 170 children (mild—rln_(?derate)
with (age 3.8 years, and MOS 34 Overnight
Omer K.A. Prospective suspected IQR (severe) oximetry
et al. (2023) observational OSI; and 2.7-6.4 years).  Not available PH = mea.n Not reported (McGill Not reported Not reported  Not reported
[34] study association Children with res;ure in Oximetry
comorbidities P Score, ODI)
betv:;egré PH are excluded the pulmonary
an A. ’

artery on echocar-

diography.
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Table 1. Cont.

Cases Controls L]g?;g::s:f OSA Severity Age at OSA Severity Follow-u
First Author  Type of Study Purpose (Number, (Number, Methods Indices at 8 Index at ~up
before . . Follow-up Duration
Age) Age) Diagnosis Diagnosis Follow-up
CLINICAL
TRIAL
To evaluate
é?fici:&gz 42 children Brodsky
cardiac (age classification,
Quasi- function in 7-11 years) lateral neck X-ray, PSG. AHI
Nemati S. et al. expe.rlmer}tal children with with snoring Not available PSG. Echocardio- Not reported 12.24 £7.02 Not reported  Notreported  3-6 months
(2022) [35] clinical trial snorine and and ATH graphy events,/hour
study OSA (gAHI' (grades 3 and performed one
12247 02' 4), A&T week before and
eve.nts /Hour) candidates. after A&T.
due to ATH.

Legend: AHI, apnea-hypopnea index; ATH, adenotonsillar hypertrophy; A&T, adenotonsillectomy; CRP, C-reactive protein; IQR, interquartile range; LV, left ventricle; MPI, myocardial
performance index; MPI-RV, myocardial performance index of the right ventricle; NT-proBNP, peptide natriuretic di tipo B; oAHI, obstructive AHI; OSA, obstructive sleep apnea;
OSAS, obstructive sleep apnea syndrome; OSA-18, Questionnarie obstructive sleep apnea-18; PH, pulmonary hypertension; PSG, polysomnography; RV, right ventricle; T/P, tonsillar—

pharyngeal ratio.
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Table 2. The table shows the results of studies conducted from 2003 to 2023 in which cardiac outcomes

and authors’ conclusions were evaluated.

First Author

Interpretation of Cardiology Findings

Authors’ Conclusions

OBSERVATIONAL

Duman D. et al. (2008) [16]

MPI-RV initially higher in children with
Grade 3 and 4 ATH than controls. MPI-RV
improved following A&T similar to
the controls.

ATH increases the MPI-RV and
subclinical RV dysfunction. A&T can
reverse these changes.

Cincin A. et al. (2014) [17]

Before surgery: Patients with symptoms of
OSA due to ATH had higher mPAP and
impaired RV function. After surgery:
Patients with symptoms of OSA from ATH
had significant effects on both LV and
RV function.

Before surgery patients with ATH
showed higher mPAP and after surgery
they showed significant improvement.

RETROSPECTIVE

Burns A.T. et al. (2019) [18]

Low prevalence of PH in pediatric patients
with suspected OSA. None of the patients
with PH had severe OSA.

PH in pediatric OSA is relatively low.

Bitners A.C. et al. (2021) [19]

High RV pressure was present in a low
percentage of children (4%). High RV
pressure did not appear related to OSA
severity or low oxygen levels during sleep.

Prevalence of elevated RV pressure in
children with OSA is low. Severe disease
and obesity are risk factors for PH
development in children with OSA.

Clements A.C. et al. (2021) [20]

Children with very severe OSA
(0AHI > 60 events/hour) underwent more
pre-operative cardiopulmonary tests. OSA
severity did not predict abnormal findings.

Severity of OSA is not predictive of
pre-A&T cardiopulmonary abnormalities.

CROSS-SECTIONAL

Goldbart A.D. et al. (2010) [21]

OSA was associated with high NT-proBNP
levels (increased cardiac stress). Surgical
treatment reduced NT-proBNP.
Inflammation (increased CRP) was related
to alterations in tricuspid flow rate.

NT-proBNP levels increase in children
with OSA and decrease following A&T.
Echocardiographic parameters suggest an
increase in pulmonary pressure in
children with OSA that decreases
after treatment.

Granzotto E.H. et al. (2009) [22]

The T/P ratio help to assess systolic
pulmonary blood pressure and identify
patients with PH.

Good correlation between T/P and
mPAP in children with ATH and surgical
indications for SDB.

Tatlipinar A. et al. (2012) [23]

Correlation between mPAP and cardiac
function indicators (including tricuspid
annular plane systolic excursion, MPI-RV,
and adenoidal-nasopharyngeal ratio).

Patients with ATH are at increased risk of
cardiopulmonary complications and
associated with more severe
OSA symptoms.

Marangu D. et al. (2014) [24]

One fifth of children with ATH had PH.
Nasal obstruction (3-fold) and
adenoidal-to-nasopharyngeal ratio >0.825
(5-fold) increased the risk.

Nasal blockage and adenoidal
hypertrophy are risk factors for PH.

COMPARATIVE

Koc S. et al. (2012) [25]

A&T led to improvements in cardiac
function. Enhancements in tricuspid valve
function decreased MPI-RV and
reduced mPAP.

A&T improves MPI-RV and
reduces mPAP.

Cai X.H. et al. (2013) [26]

Children with OSA and with primary
snoring had greater alterations in cardiac
parameters than controls.

Children with OSA have higher mPAP.
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Table 2. Cont.

First Author

Interpretation of Cardiology Findings

Authors’ Conclusions

PROSPECTIVE

Abd El-Moneim E.S. et al. (2009) [27]

Following adenoidectomy, cardiac
dynamics improved: increased flow
through the tricuspid and pulmonary
valves, improved RV filling function, and
reduced RV size.

Relief of OSA by adenoidectomy results
in improved RV filling and RV output
and reduced mPAP.

Attia G. et al. (2010) [28]

Cardiac function abnormalities in mPAP
are related to OSA severity, and are
reversible by surgical treatment.

Cardiac evaluation in children with OSA
due to ATH is essential. Surgical
treatment significantly improves heart
function and PH.

Cetin M. et al. (2014) [29]

Surgery positively impacted heart function
and mPAP in children with ATH who
improved after surgery.

A&T have positive impact on heart
function in children with ATH.

Cetin M. et al. (2017) [30]

Children with ATH had abnormalities in
cardiac parameters (thicker interventricular
septum and a higher mPAP). After surgery,

these parameters improved.

mPAP in patients with ATH is higher in
the preoperative period and improves
following A&T.

Kim D.Y. et al. (2018) [31]

A&T led to an improvement in RV function
(improvement in the MPI-RV in children
with OSA). Intervention did not
significantly affect the mPAP or maximal
velocity of tricuspid regurgitation.

OSA from ATH impaired RV function.

Bahgat A. et al. [32]

Surgery positively affected pulmonary
arterial systolic pressures, with
normalization within 2 months of
the operation.

ATH can cause higher pulmonary arterial
systolic pressure in children with OSA.
A&T is an effective therapeutic measure.

Sameema V.V. et al. (2022) [33]

A&T led to a reduction in mPAP and
improved RV function. Diastolic RV
dysfunction improved in some patients.

ATH can cause reversible subclinical
cardiac dysfunction, which improves
after A&T.

Omer K.A. et al. (2023) [34]

Small percentage of children with OSA
developed HP. No substantial disparities in
mPAP or other parameters between
children with mild-to-moderate OSA and
severe OSA.

PH is rare in children with
uncomplicated OSA. No association
between PH and OSA severity. No
differences in clinical severity and OSA in
children with and without PH.

CLINICAL TRIAL

Nemati S. et al. (2022) [35]

A&T led to significant improvements in RV
function. RV function indices improved
after surgery.

A&T improves cardiac function indices in
patients with primary snoring, RV
function, and reduced pulmonary

blood pressure.

Legend: AHI, apnea—hypopnea index; ATH, adenotonsillar hypertrophy; A&T, adenotonsillectomy; CRP, C-
reactive protein; BMI, body mass index; IQR, interquartile range; LV, left ventricle; MPI, myocardial performance
index; MPI-RV, myocardial performance index of the right ventricle; NT-proBNP, peptide natriuretic di tipo B;
OSA, obstructive sleep apnea; OSAHS, obstructive sleep apnea-hypopnea syndrome; OSAS, obstructive sleep
apnea syndrome; OSA-18, Questionnarie obstructive sleep apnea-18; mPAP, mean pulmonary artery pressure;
PH, pulmonary hypertension; PSG, polysomnography; RV, right ventricle; SDB, sleep-disordered breathing.

Tables 1 and 2 show studies conducted over the past 20 years, each with a different
research purpose and study methods. The available studies can be classified as obser-
vational studies (n.2) [16,17], retrospective studies (n.3) [18-20], cross-sectional studies
(n.4) [21-24], comparative studies (n.2) [25,26], prospective studies (n.8) [27-34], and clini-
cal trial (n.1) [35].

The total number of children studied was 2429, the total number of cases (children
with the condition of interest) was 2172, and the total number of controls (children with-
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out the condition of interest) was 257. The minimum number of children in one study
was 23 [33], while the maximum number in a study was 620 [19]. The minimum age
was 2.5 years [27], and the maximum was 21 years [20]. The authors of these studies
used various methods to assess OSA and its effects on the cardiovascular system in chil-
dren. The diagnosis of OSA was obtained by PSG [18-21,26,28,35], oximetry [34], and
questionnaire OSA-18 [16,17,22,23,32]. Diagnosis of adenoid/tonsillar hypertrophy was
obtained using Brodsky’s Scale in three studies [22-24] and by taking X-rays in four stud-
ies [22,30,32,35]. ENT surgery was reported as adenoidectomy [16,17,20-22,25,27-33,35],
tonsillectomy [29,32], and A&T [16,17,20-22,25,28-33,35]. A cardiac evaluation was per-
formed by Doppler echocardiography [16,17,22,24,27-30] and the analysis of various car-
diac parameters [16,17,25,27,29-32]. Some studies also involved monitoring biomarkers
such as CRP [18] and NT-proBNP [18]. Follow-up was performed in three studies [27,32,33].

The studies presented in Table 2 aim to understand the impact of ATH, OSA, and
A&T on the cardiopulmonary health of children, as well as to identify risk factors and the
potential benefits of adenoid and tonsil surgery.

3.1. Association between ATH-Related Apnea and Cardiac Markers

Some studies examined the potential association between ATH and cardiac markers.
Tatlipinar et al. [23] suggested that there may be an association between mean pulmonary
artery pressure (mPAP) and specific measures of cardiac function, such as tricuspid annular
plane systolic excursion, myocardial performance index of the right ventricle (MPI-RV),
and the adenoid-to-nasopharyngeal ratio. Cetin M et al. [30] found that children with ATH
had some anomalies in cardiac parameters, such as a thicker interventricular septum and a
higher mean pulmonary artery pressure. After surgery, many of these parameters improved
and became like the control group. They also observed that pulmonary artery pressure was
higher in the preoperative period and improved to average values following A&T.

3.2. Prevalence of Pulmonary Hypertension and Associated Risk Factors in Children with OSA

Some studies only investigated the possible association between the severity of OSA
and cardiac abnormalities. Attia G et al. [28] highlighted that patients with OSA may
exhibit abnormalities in cardiac function related to the severity of OSA and pulmonary
pressure. The authors emphasized the importance of cardiac evaluation in children with
OSA due to ATH and suggested that surgery can significantly improve cardiac function
and pulmonary pressure. Duman D. et al. [16] reported that the first abnormal finding in
echocardiography in children with OSA appears to be a significant increase in MPI-RV.
Cai XH et al. [26] revealed that children with OSA-hypoventilation syndrome (OSAHS)
may exhibit some alterations in cardiac parameters compared to control children and
children with primary snoring. The OSAHS group potentially had a higher PH than the
control group. However, Clements A.C. et al. [20] concluded that the severity of OSA is
not predictive of abnormalities in pre-A&T cardiopulmonary tests. Bitners AC et al. [19]
examined the occurrence of PH in a predominantly non-white and urban patient group
where the median age was 8.9 years (IQR 5.5-13.1 years), and there was a high prevalence
of obesity (72%). The study’s key finding indicates a 4.0% prevalence of elevated RVP
among children with severe or very severe OSAS (93.1%) who underwent PH screening.
Furthermore, the study did not identify any significant correlation between elevated RVP
and clinical or demographic factors, including the severity of OSAS.

Several studies investigated the risk factors for the development of PH. Granzotto
E.H. et al. [22] suggested that the ratio between left ventricular ejection time (T) and the
pre-ejection period of the A-wave (P) (T/P) could be a valuable indicator to assess systolic
pulmonary arterial pressure and identify patients with PH. Omer K.A. et al. [34] reported a
low prevalence of PH in children with OSA, and no significant differences were observed in
mPAP or other echocardiographic parameters between children with mild-moderate OSA
and those with severe OSA. They concluded that PH is rare in children with uncomplicated
OSA, and there is no association between PH and the severity of OSA. Marangu D. et al. [24]
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identified nasal obstruction and a high adenoid-to-nasopharynx ratio as independent risk
factors for the development of PH in children with ATH. They reported that approximately
one in five children with ATH had PH, with a significant increase in risk when nasal
obstruction or a high adenoid-to-nasopharynx ratio was present.

3.3. Changes in Biomarkers of Cardiac Stress and OSA

Goldbart AD et al. [21] studied changes in biomarkers of cardiac stress. This study
highlighted that OSA was associated with elevated levels of NT-proBNP and inflammation
(measured through CRP), suggesting increased cardiac stress. In addition, surgical treat-
ment significantly reduced NT-proBNP levels and improved echocardiographic parameters
associated with increased pulmonary pressure in children with OSA.

3.4. Effects of A&T on Heart Function

Some of the studies included in this review evaluated the effects of A&T on heart
function. Abd EI-Moneim E.S. et al. [27] observed an improvement in cardiac dynamics after
surgery, with an increased flow through the tricuspid and pulmonary valves, improved
RV filling function, and reduced RV size. They suggested that relief from upper airway
obstruction through adenoidectomy might lead to improved RV filling, RV output, and a
reduction in pulmonary artery pressure. Cetin M et al. [29] highlighted that the surgery
positively impacted cardiac function and average pulmonary artery pressure, leading to
significant improvements in echocardiographic parameters. After the intervention, these
parameters were similar to those of the control group, suggesting a normalization of
pulmonary artery pressure. The authors concluded that A&T may positively impact the
cardiac function of children with ATH. Cincin A. et al. [17] found that patients with ATH had
a higher average pulmonary artery pressure before surgery. After the surgical intervention,
a significant improvement in moderate pulmonary artery pressure was observed. The
authors suggested that surgery for ATH may significantly affect LV and RV function.
Kim D.Y. et al. [31] highlighted that A&T had improved RV function, as evidenced by
improved MPI-RV in children with OSA associated with ATH. The intervention did not
significantly influence mean pulmonary artery pressure and other cardiac parameters.
Bahgat A. et al. [32] observed that the surgery positively affected the patients’ systolic
pulmonary artery pressure, leading to normalization within 2 months after the operation.
The authors suggested that ATH can cause higher pulmonary artery pressure in children
with OSA and that A&T represented an effective therapeutic measure in such patients.
Duman D. et al. [16] found that the MPI-RV was initially higher than the control group in
patients with ATH, but it improved significantly after A&T to reach values similar to those
of the control subjects. They suggested that grade 3 and 4 ATH might increase the MPI-RY,
indicating subclinical RV dysfunction, and A&T can reverse these cardiac alterations. Koc
S et al. [25] highlighted that A&T significantly improved cardiac function in the study
patients. Specifically, there was an improvement in tricuspid valve function, a reduction in
the MPI-RV, and a decrease in mean pulmonary artery pressure.

3.5. Risk of Bias

From Table 1 and the description of the provided data, it is possible to identify
several potential biases in the individual studies. In prospective studies, participant
selection could be influenced by the presence of specific symptoms or pre-existing con-
ditions [27,28,30-34]. This could lead to underestimating or overestimating the severity
of OSA in participants (selection bias). The lack of detail on the duration of OSA symp-
toms in some studies could result in a non-representative selection of patients (selection
bias) [17-20,23,25,26,28-32,34,35]. Lack of details on the assessment of the severity of OSA
in some studies [24,29,30,33] could lead to variability in data collection and the definition
of diagnostic criteria (measurement bias).

The lack of information on follow-up measures in some studies could influence the
assessment of outcomes over time (measurement bias). In some studies, the omission
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of information on age at follow-up, OSA severity index at follow-up, and duration of
follow-up could affect the completeness and reliability of the reported data (reporting bias).
The absence of detailed follow-up data, such as duration and measures used, could impact
the long-term evaluation of OSA severity and its effects (follow-up bias).

The lack of detailed data on follow-up, such as duration [17-20,22-24,34], the
SDB measures used, questionnaires [17,22,23,25,27,31,32], OSA-18 score [16,17,22,23,32],
PSG [18-21,26,28,35], and clinical symptom questionnaires [24,29,30,33], could influence
the long-term assessment of OSA severity and its effects (follow-up bias). The variation
in the patient recruitment period (from January 2008 to September 2023) could affect the
results (temporal bias).

In Figure 2, the results of the risk-of-bias plots with ROBINS-E are presented. Many of
the listed studies appear to have significant bias issues, which decreases the reliability of
their results.
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Figure 2. Risk-of-bias plot (ROBINS-E) [18-20,22,24,25,27,31-35].

Figure 2 illustrates the findings regarding three distinct levels of bias, categorized
as “Low” risk, “Some concerns”, and “High” risk. The assessment of bias arising from
confounding revealed it to be problematic or at high risk in up to 46.2% of the studies.
Similarly, bias resulting from exposure measurement was deemed problematic or at high
risk in 53.8% of the studies. Participant selection bias was also identified as problematic
or at high risk in 53.8% of the studies. Post-exposure intervention bias was found to be
problematic or at an increased risk in 61.5% of the studies. Moreover, missing data bias
emerged as a significant concern, with a high risk identified in 84.6% of the studies. Lastly,
bias related to outcome measurement was considered problematic or at high risk in 30.8% of
the studies. In contrast, bias in the selection of reported results was viewed as problematic
or at high risk in 23.1% of the studies. In summary, the overall risk of bias was categorized
as high or with some concerns in all studies analysed. At least one form of bias that raised
significant concerns was identified for every study.

In Figure 3, the results of the risk-of-bias plots with ROBINS-I are presented. Many
of the listed studies appear to have significant bias issues, which raises doubts about the
reliability of their results.
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7

Figure 3 displays the findings for three distinct levels of bias, categorized as “Low”
risk, “Moderate”, and “Serious” risk. Moderate or severe risk bias due to confounding was
observed in 50% of the studies, while participant selection bias was exhibited in 25% of
the studies. Deviation from planned interventions was displayed in 12.5% of the studies,
and missing data raised concerns in 25%. Both outcome measurement and the selection of
reported results were associated with moderate or severe risk bias in 37.5% of the studies.

In summary, an overall moderate or severe risk was found in 87.5% of the studies,
indicating that many studies exhibited concerns with moderate or severe bias. Specifically,
the analysis underscores that bias due to confounding, participant selection, intervention
classification, outcome measurement, and selection of reported results are the primary
areas of concern.

4. Discussion

This review suggests that ATH and OSA are risk factors for developing cardiac ab-
normalities, including PH. In addition, there is a potential therapeutic value of A&T in
improving cardiac function in children with OSA caused by ATH. However, it is essential
to note that the severity of OSA does not serve as a precise predictor for the onset of PH in
these patients.

It is essential to acknowledge that this analysis reveals an overall concern regarding the
risk of bias assessment, with several cases identified as high risk. It is precisely confounding
that missing data presents the most significant concerns. Addressing these challenges is
essential to ensure reliable and high-quality outcomes for future research.

OSA has been identified as a cause of severe cardiac complications, including PH and
cor pulmonale [36]. The treatment of SDB has been shown to decrease mean pulmonary
artery pressure [37]. An examination of 21 studies in 2015 revealed that the management
of SDB, primarily through A&T, led to a substantial reduction in multiple cardiovascu-
lar parameters [37]. Apneas and hypopneas lead to rapid changes in pleural pressure,
hypoxia, and sympathetic nervous system activation, increasing mean pulmonary artery
pressure [38]. A systematic literature review of 13 studies (with the latest survey conducted
in 2017) reported that A&T appears to improve cardiovascular function in pediatric pa-
tients with ATH [39]. It also showed increased LV and RV ejection time and decreased
interventricular septum diameter and right ventricular end-diastolic diameter [39].

However, studies on the prevalence and severity of PH in children with SDB are
inconsistent. One study reported a relatively high prevalence of PH in echocardiography
in a cohort of children with severe OSA [40]. Other recent studies suggest that PH is
relatively rare in children with SDB [18,34]. When present, PH has been reported as mild
and clinically insignificant by another recent study [34].
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Generally, research is based on observational data and may be influenced by inad-
equately considered confounding factors. Particularly in prospective studies, there are
concerns about participant selection, with the possibility of the underestimation or overesti-
mation of OSA severity due to the lack of details regarding symptom duration. Additionally,
the lack of information on OSA severity assessment and diagnostic criteria could lead to
variability in the results. The absence of detailed follow-up data, including duration and
measures used, could affect the long-term evaluation of outcomes and their effects. Varia-
tions in the patient recruitment period could also influence results over time. Therefore, it
is essential to consider and address these potential biases when interpreting the results.

Pathological modifications observed in PH due to SDB and intermittent hypoxia in-
clude hypertrophy of the medial vascular layer and obstructive proliferation of the intima
layer in the distal pulmonary arteries [41]. Crucial factors that play a fundamental role
in these processes include hypoxic vasoconstriction, mechanical changes arising from
overinflated lungs, capillary loss, and inflammation [41]. However, the biological under-
pinnings of PH in pediatric SDB are still under investigation. Inflammation can damage
the vessel walls, making them more prone to constriction and increased pressure [42].
Hypoxia can damage the pulmonary blood vessels, causing them to constrict and increase
pressure [42,43]. Endothelial dysfunction induced by OSA [42], specifically, the impairment
of the layer of cells lining the inner walls of blood vessels, makes them less capable of
regulating blood pressure. Dysregulation mechanisms associated with hypoxic episodes
observed in SDB contribute to the onset of PH [41].

The enrolled studies demonstrated an improvement in cardiovascular parameters
after the surgical removal of tonsils and adenoids [16,17,20,21,27-32]. This result suggests
that cardiac involvement is not irreversible at pediatric age and, therefore, it improves in
children with OSA caused by ATH following A&T surgery.

The persistence of OSA and SDB after the surgical treatment of tonsils and adenoids
can occur in pediatric patients with genetic conditions associated with craniofacial malfor-
mations and upper airway abnormalities [44]. Some of the genetic diseases at high risk
of persistent OSA are Down syndrome [35,45], Prader-Willi syndrome [46], achondropla-
sia [47], and other craniofacial syndromes [44,48]. However, despite the high prevalence of
SDB in children with Down syndrome, studies on the effects on cardiovascular control are
limited [49]. In one study, the priority of cardiological screening in children with Down
syndrome or evidence of nocturnal hypoventilation has been addressed [36]. Individuals
with Prader-Willi syndrome exhibited compromised cardiac autonomic balance due to
reduced parasympathetic modulation during slow-wave sleep. This result may imply an
underlying increased cardiovascular risk [50]. Therefore, monitoring these patients closely
and considering additional cardiovascular risk management measures is crucial.

This study emphasizes the roles of ATH and OSA as risk factors for cardiovascular
complications, especially in pediatric patients with PH. It appears that the first abnormality
in echocardiography related to OSA is a significant increase in the MPI-RV [16]. However,
the specific timeline of cardiac complications is not clearly defined in the provided texts.
A&T is the first-choice treatment for addressing OSA-related cardiovascular complications
in otherwise healthy children. The initial finding in echocardiography related to OSA after
adenoidectomy is a reduction in PAPm [27]. However, in children with genetic conditions,
A&T treatment, when indicated, is often insufficient for complete recovery, making the
control of cardiovascular complications more challenging. Therefore, additional therapeutic
measures are frequently implemented [51]. Further, well-conducted studies are needed in
otherwise healthy ATH patients and fragile children with genetic conditions.

To better address the impact of adenoidectomy and/or tonsillectomy on cardiac
parameters in children with upper airway obstruction and OSA, we recommend that future
studies prospectively enrol children with confirmed OSA diagnoses, matched for sex and
comorbidities, and use standardized methods to evaluate cardiovascular function. Long-
term monitoring would enable the evaluation of the effects of surgical and/or medical
therapies over time. These studies would provide valuable insights into the prevalence
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of the cardiovascular effects of OSA in children and the relative effectiveness of different
treatments on cardiovascular outcomes.

5. Conclusions

OSA can negatively affect cardiac function in pediatric patients and A&T can help
alleviate these effects. Research indicates that A&T can positively impact cardiac function
in patients with both ATH and OSA. The effectiveness of A&T may vary, which underscores
the importance of tailoring clinical decisions to individual circumstances. Recognizing
potential complications of OSA in specific patient subgroups and conducting personalized
assessments and treatments to optimize outcomes in the care of these patients is essential.
Including a comprehensive cardiac evaluation as part of the clinical management for
patients with ATH and OSA is highly recommended.

Author Contributions: Conceptualization, M.Z., L.N. and R.H.E.; methodology, M.Z.; software,
M.Z.; validation, G.P,, R H.E. and L.N.; formal analysis, M.Z.; investigation, M.Z. and G.B.; resources,
G.P. and M.A,; data curation, M.Z., RH.E. and G.B.; writing—original draft preparation, M.Z.;
writing—review and editing, L.N. and R.H.E.; supervision, G.P.,, R H.E. and M.A. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing is not applicable to this article as no datasets were
generated or analyzed during the current study.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Gipson, K;; Lu, M.; Kinane, T.B. Sleep-Disordered Breathing in Children. Pediatr. Rev. 2019, 40, 3-13. [CrossRef] [PubMed]

2. Marcus, C.L.; Brooks, L.J.; Draper, K.A.; Gozal, D.; Halbower, A.C.; Jones, J.; Schechter, M.S.; Sheldon, S.H.; Spruyt, K.; Ward,
S.D.; et al. Diagnosis and management of childhood obstructive sleep apnea syndrome. Pediatrics 2012, 130, 576-584. [CrossRef]
[PubMed]

3. Tagetti, A.; Bonafini, S.; Zaffanello, M.; Benetti, M.V.; Vedove, ED.; Gasperi, E.; Cavarzere, P.; Gaudino, R.; Piacentini, G.; Minuz,
P; et al. Sleep-disordered breathing is associated with blood pressure and carotid arterial stiffness in obese children. J. Hypertens.
2017, 35, 125-131. [CrossRef] [PubMed]

4. Orru, G.; Storari, M.; Scano, A.; Piras, V.; Taibi, R.; Viscuso, D. Obstructive Sleep Apnea, oxidative stress, inflammation and
endothelial dysfunction-An overview of predictive laboratory biomarkers. Eur. Rev. Med. Pharmacol. Sci. 2020, 24, 6939-6948.
[CrossRef] [PubMed]

5. Smith, D.F.; Amin, R.S. OSA and Cardiovascular Risk in Pediatrics. Chest 2019, 156, 402-413. [CrossRef] [PubMed]

6. Baker-Smith, C.M.; Isaiah, A.; Melendres, M.C.; Mahgerefteh, J.; Lasso-Pirot, A.; Mayo, S.; Gooding, H.; Zachariah, J. Sleep-
Disordered Breathing and Cardiovascular Disease in Children and Adolescents: A Scientific Statement From the American Heart
Association. J. Am. Heart Assoc. 2021, 10, €022427. [CrossRef] [PubMed]

7. Chuang, HH.,; Hsu, J.F; Wang, C.Y.; Chuang, L.P.; Chen, M.C.; Chen, N.H.; Huang, Y.S.; Li, H.Y.; Lee, L.A. Hypertension in
Children with Obstructive Sleep Apnea Syndrome-Age, Weight Status, and Disease Severity. Int. ]. Environ. Res. Public Health
2021, 18, 9602. [CrossRef]

8. Widlitz, A.; Barst, R.J. Pulmonary arterial hypertension in children. Eur. Respir. . 2003, 21, 155-176. [CrossRef]

9.  Abman, S.H.; Hansmann, G.; Archer, S.L.; Ivy, D.D.; Adatia, I.; Chung, WK.; Hanna, B.D.; Rosenzweig, E.B.; Raj, ].U.; Cornfield,
D.; et al. Pediatric Pulmonary Hypertension: Guidelines From the American Heart Association and American Thoracic Society.
Circulation 2015, 132, 2037-2099. [CrossRef]

10. Rosenzweig, E.B.; Abman, S.H.; Adatia, I.; Beghetti, M.; Bonnet, D.; Haworth, S.; Ivy, D.D.; Berger, RM.E. Paediatric pulmonary
arterial hypertension: Updates on definition, classification, diagnostics and management. Eur. Respir. J. 2019, 53, 1801916.
[CrossRef]

11.  Ivy, D. Pulmonary Hypertension in Children. Cardiol. Clin. 2016, 34, 451-472. [CrossRef]

12.  Eriksen, M.B.; Frandsen, T.F. The impact of patient, intervention, comparison, outcome (PICO) as a search strategy tool on

literature search quality: A systematic review. J. Med. Libr. Assoc. [MLA 2018, 106, 420-431. [CrossRef]


https://doi.org/10.1542/pir.2018-0142
https://www.ncbi.nlm.nih.gov/pubmed/30600274
https://doi.org/10.1542/peds.2012-1671
https://www.ncbi.nlm.nih.gov/pubmed/22926173
https://doi.org/10.1097/HJH.0000000000001123
https://www.ncbi.nlm.nih.gov/pubmed/27648717
https://doi.org/10.26355/eurrev_202006_21685
https://www.ncbi.nlm.nih.gov/pubmed/32633387
https://doi.org/10.1016/j.chest.2019.02.011
https://www.ncbi.nlm.nih.gov/pubmed/30790552
https://doi.org/10.1161/JAHA.121.022427
https://www.ncbi.nlm.nih.gov/pubmed/34404224
https://doi.org/10.3390/ijerph18189602
https://doi.org/10.1183/09031936.03.00088302
https://doi.org/10.1161/CIR.0000000000000329
https://doi.org/10.1183/13993003.01916-2018
https://doi.org/10.1016/j.ccl.2016.04.005
https://doi.org/10.5195/jmla.2018.345

Children 2024, 11, 208 21 of 22

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Sterne, J.A.; Herndn, M.A.; Reeves, B.C.; Savovi¢, J.; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.; Ansari, M.T,;
Boutron, I.; et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies of interventions. BMJ 2016, 355, i4919.
[CrossRef]

McGuinness, L.A.; Higgins, ].P.T. Risk-of-bias VISualization (robvis): An R package and Shiny web app for visualizing risk-of-bias
assessments. Res. Synth. Methods 2021, 12, 55-61. [CrossRef]

Bero, L.; Chartres, N.; Diong, J.; Fabbri, A.; Ghersi, D.; Lam, J.; Lau, A.; McDonald, S.; Mintzes, B.; Sutton, P,; et al. The risk of bias
in observational studies of exposures (ROBINS-E) tool: Concerns arising from application to observational studies of exposures.
Syst. Rev. 2018, 7, 242. [CrossRef]

Duman, D.; Naiboglu, B.; Esen, H.S.; Toros, S.Z.; Demirtunc, R. Impaired right ventricular function in adenotonsillar hypertrophy.
Int. J. Cardiovasc. Imaging 2008, 24, 261-267. [CrossRef]

Cincin, A.; Sakalli, E.; Bakirci, E.M.; Dizman, R. Relationship between obstructive sleep apnea-specific symptoms and cardiac
function before and after adenotonsillectomy in children with adenotonsillar hypertrophy. Int. |. Pediatr. Otorhinolaryngol. 2014,
78,1281-1287. [CrossRef] [PubMed]

Burns, A.T,; Hansen, S.L.; Turner, Z.S.; Aden, J.K.; Black, A.B.; Hsu, D.P. Prevalence of Pulmonary Hypertension in Pediatric
Patients With Obstructive Sleep Apnea and a Cardiology Evaluation: A Retrospective Analysis. J. Clin. Sleep Med. 2019,
15,1081-1087. [CrossRef] [PubMed]

Bitners, A.C.; Arens, R.; Mahgerefteh, J.; Sutton, N.J; Silver, E.J.; Sin, S.; Khan, M.A; Yang, C.]J. Prevalence of elevated right
ventricular pressure in children with obstructive sleep apnea syndrome undergoing pulmonary hypertension screening. J. Clin.
Sleep Med. 2021, 17, 2225-2232. [CrossRef] [PubMed]

Clements, A.C.; Walsh, ].M.; Dai, X.; Skinner, M.L.; Sterni, L.M.; Tunkel, D.E.; Boss, E.F; Ryan, M. A. Cardiopulmonary Testing before
Pediatric Adenotonsillectomy for Severe and Very Severe Obstructive Sleep Apnea Syndrome. Laryngoscope 2021, 131, 2361-2368.
[CrossRef] [PubMed]

Goldbart, A.D.; Levitas, A.; Greenberg-Dotan, S.; Ben Shimol, S.; Broides, A.; Puterman, M.; Tal, A. B-type natriuretic peptide and
cardiovascular function in young children with obstructive sleep apnea. Chest 2010, 138, 528-535. [CrossRef]

Granzotto, E.H.; Aquino, EV,; Flores, ].A.; Lubianca Neto, J.F. Tonsil size as a predictor of cardiac complications in children with
sleep-disordered breathing. Laryngoscope 2010, 120, 1246-1251. [CrossRef]

Tathipinar, A.; Biteker, M.; Merig, K.; Bayraktar, G.; Tekkesin, A.; Gokgeer, T. Adenotonsillar hypertrophy: Correlation between
obstruction types and cardiopulmonary complications. Laryngoscope 2012, 122, 676—-680. [CrossRef]

Marangu, D.; Jowi, C.; Aswani, J.; Wambani, S.; Nduati, R. Prevalence and associated factors of pulmonary hypertension in
Kenyan children with adenoid or adenotonsillar hypertrophy. Int. . Pediatr. Otorhinolaryngol. 2014, 78, 1381-1386. [CrossRef]
Kog, S.; Aytekin, M.; Kalay, N.; Ozcetin, M.; Burucu, T.; Ozbek, K.; Celik, A.; Kadi, H.; Gulturk, S.; Koc, F. The effect of
adenotonsillectomy on right ventricle function and pulmonary artery pressure in children with adenotonsillar hypertrophy. Int. J.
Pediatr. Otorhinolaryngol. 2012, 76, 45-48. [CrossRef]

Cai, X.H.; Li, X.C.; Hu, Q.Q.; Yu, C.Y,; Zhou, Y.H.; Su, M.S; Zhao, Y.P; Hu, Y.L.; Wang, L.X. Multiple system morbidities associated
with children with snore symptom. Pediatr. Pulmonol. 2013, 48, 381-389. [CrossRef]

Abd El-Moneim, E.S.; Badawy, B.S.; Atya, M. The effect of adenoidectomy on right ventricular performance in children. Int. J.
Pediatr. Otorhinolaryngol. 2009, 73, 1584-1588. [CrossRef]

Attia, G.; Ahmad, M.A; Saleh, A.B.; Elsharkawy, A. Impact of obstructive sleep apnea on global myocardial performance in
children assessed by tissue Doppler imaging. Pediatr. Cardiol. 2010, 31, 1025-1036. [CrossRef] [PubMed]

Cetin, M; Y1ilmaz, M.; Ozen, S.; Bozan, N.; Coskun, S. Assessment of pulmonary artery pressure and right ventricular function
in children with adenotonsillar hypertrophy using different parameters. Int. |. Pediatr. Otorhinolaryngol. 2014, 78, 1837-1842.
[CrossRef] [PubMed]

Cetin, M.; Bozan, N. The effects of adenotonsillar hypertrophy corrective surgery on left ventricular functions and pulmonary
artery pressure in children. Int. J. Pediatr. Otorhinolaryngol. 2017, 101, 41-46. [CrossRef] [PubMed]

Kim, D.Y,; Ko, K.O,; Lim, ].W,; Yoon, ].M.; Song, Y.H.; Cheon, E.]J. The improvement of right ventricular function after adenotonsil-
lectomy in children with obstructive sleep apnea. Korean J. Pediatr. 2018, 61, 392-396. [CrossRef]

Bahgat, A.; Bahgat, Y.; Abdelmohaymen, A.; Elwany, M. The effect of adenotonsillectomy on pulmonary hypertension in pediatric
obstructive sleep apnea. Egypt. |. Otolaryngol. 2022, 38, 172. [CrossRef]

Sameema, V.V,; Soni, K.; Deora, S.; Sharma, ].B.; Choudhury, B.; Kaushal, D.; Chhabra, S.; Goyal, A. Assessment of preoperative
and postoperative cardiac function in children with adenotonsillar hypertrophy: A prospective cohort study. Eur. Arch.
Otorhinolaryngol. 2022, 279, 3013-3019. [CrossRef] [PubMed]

Omer, K.A.; Mlauzi, R.; Basera, W.; McGuire, J.; Meyer, H.; Lawrenson, J.; Peer, S.; Singh, Y.; Zampoli, M. Low incidence of
pulmonary hypertension in children with suspected obstructive sleep apnea: A prospective observational study. Int. ]. Pediatr.
Otorhinolaryngol. 2023, 171, 111648. [CrossRef] [PubMed]

Nemati, S.; Aghajankhah, M.; Banan, R.; Haddadji, S.; Mehri, M.; Aghsaghloo, V.; Leili, E.K. The effects of adeno/tonsillectomy
on cardiopulmonary function based on echocardiography indices in children with primary snoring and mild obstructive sleep
apnea. Am. J. Otolaryngol. 2022, 43, 103317. [CrossRef]


https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1002/jrsm.1411
https://doi.org/10.1186/s13643-018-0915-2
https://doi.org/10.1007/s10554-007-9265-1
https://doi.org/10.1016/j.ijporl.2014.05.011
https://www.ncbi.nlm.nih.gov/pubmed/24880923
https://doi.org/10.5664/jcsm.7794
https://www.ncbi.nlm.nih.gov/pubmed/31482829
https://doi.org/10.5664/jcsm.9412
https://www.ncbi.nlm.nih.gov/pubmed/34027888
https://doi.org/10.1002/lary.29480
https://www.ncbi.nlm.nih.gov/pubmed/33704794
https://doi.org/10.1378/chest.10-0150
https://doi.org/10.1002/lary.20870
https://doi.org/10.1002/lary.22508
https://doi.org/10.1016/j.ijporl.2014.06.002
https://doi.org/10.1016/j.ijporl.2011.09.028
https://doi.org/10.1002/ppul.22653
https://doi.org/10.1016/j.ijporl.2009.08.013
https://doi.org/10.1007/s00246-010-9755-0
https://www.ncbi.nlm.nih.gov/pubmed/20694555
https://doi.org/10.1016/j.ijporl.2014.08.003
https://www.ncbi.nlm.nih.gov/pubmed/25183378
https://doi.org/10.1016/j.ijporl.2017.07.027
https://www.ncbi.nlm.nih.gov/pubmed/28964308
https://doi.org/10.3345/kjp.2018.06436
https://doi.org/10.1186/s43163-022-00367-y
https://doi.org/10.1007/s00405-022-07255-4
https://www.ncbi.nlm.nih.gov/pubmed/35022863
https://doi.org/10.1016/j.ijporl.2023.111648
https://www.ncbi.nlm.nih.gov/pubmed/37419069
https://doi.org/10.1016/j.amjoto.2021.103317

Children 2024, 11, 208 22 of 22

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Maloney, M.A.; Ward, S.L.D,; Su, J.A.; Durazo-Arvizu, R.A.; Breunig, ]. M.; Okpara, D.U; Gillett, E.S. Prevalence of pulmonary
hypertension on echocardiogram in children with severe obstructive sleep apnea. ]. Clin. Sleep Med. 2022, 18, 1629-1637.
[CrossRef] [PubMed]

Ingram, D.G,; Singh, A.V.; Ehsan, Z.; Birnbaum, B.F. Obstructive Sleep Apnea and Pulmonary Hypertension in Children. Paediatr.
Respir. Rev. 2017, 23, 33-39. [CrossRef] [PubMed]

Ehsan, Z.; Ishman, S.L.; Kimball, T.R.; Zhang, N.; Zou, Y.; Amin, R.S. Longitudinal Cardiovascular Outcomes of Sleep Disordered
Breathing in Children: A Meta-Analysis and Systematic Review. Sleep 2017, 40, zsx015. [CrossRef] [PubMed]

Johnson, Z.].; Lestrud, S.O.; Hauck, A. Current understanding of the role of sleep-disordered breathing in pediatric pulmonary
hypertension. Prog. Pediatr. Cardiol. 2023, 68, 101609. [CrossRef]

Sun, Y.L.; Yuan, B.; Kong, F; Li, X.M. Effects of adenoidectomy or adenotonsillectomy on the cardiovascular system in children: A
meta-analysis. Eur. Arch. Otorhinolaryngol. 2022, 279, 1147-1156. [CrossRef]

Adegunsoye, A.; Ramachandran, S. Etiopathogenetic mechanisms of pulmonary hypertension in sleep-related breathing disorders.
Pulm. Med. 2012, 2012, 273591. [CrossRef]

Louise, B.J.; Carys, E; Philip, M. Narrative review of sleep and pulmonary hypertension. J. Thorac. Dis. 2020, 12, S191-S201.
[CrossRef] [PubMed]

Minic, M.; Granton, ].T.; Ryan, C.M. Sleep disordered breathing in group 1 pulmonary arterial hypertension. J. Clin. Sleep Med.
2014, 10, 277-283. [CrossRef]

Kang, K.T.; Hsu, W.C. Efficacy of adenotonsillectomy on pediatric obstructive sleep apnea and related outcomes: A narrative
review of current evidence. J. Formos. Med. Assoc. 2023. [CrossRef]

Farhood, Z.; Isley, ].W.; Ong, A.A.; Nguyen, S.A.; Camilon, T.J.; LaRosa, A.C.; White, D.R. Adenotonsillectomy outcomes in
patients with Down syndrome and obstructive sleep apnea. Laryngoscope 2017, 127, 1465-1470. [CrossRef] [PubMed]
Zaffanello, M.; Pietrobelli, A.; Piacentini, G.; Guzzo, A.; Antoniazzi, F. The Impact of Growth Hormone Therapy on Sleep-Related
Health Outcomes in Children with Prader-Willi Syndrome: A Review and Clinical Analysis. J. Clin. Med. 2023, 12, 5504.
[CrossRef]

Booth, K.L.; Levy, D.A.; White, D.R.; Meier, ].D.; Pecha, P.P. Management of obstructive sleep apnea in children with achondropla-
sia: Outcomes of surgical interventions. Int. |. Pediatr. Otorhinolaryngol. 2020, 138, 110332. [CrossRef]

Zaffanello, M.; Antoniazzi, F; Tenero, L.; Nosetti, L.; Piazza, M.; Piacentini, G. Sleep-disordered breathing in paediatric setting:
Existing and upcoming of the genetic disorders. Ann. Transl. Med. 2018, 6, 343. [CrossRef] [PubMed]

Horne, R.S.C.; Sakthiakumaran, A.; Bassam, A.; Thacker, J.; Walter, L.M.; Davey, M.].; Nixon, G.M. Children with Down syndrome
and sleep disordered breathing have altered cardiovascular control. Pediatr. Res. 2021, 90, 819-825. [CrossRef]

Brito, L.C.; Queiroga, T.; Franco, R.R; Passone, C.G.B.; Lopes, M.C.; Shea, S.A.; Bueno, C.; Soster, L. Cardiac autonomic control
during non-REM and REM sleep stages in paediatric patients with Prader-Willi syndrome. J. Sleep Res. 2021, 30, e13165. [CrossRef]
Oros, M.; Baranga, L.; Plaiasu, V.; Cozma, S.R.; Neagos, A.; Paduraru, L.; Necula, V.; Martu, C.; Dima-Cozma, L.C.; Gheorghe,
D.C. Obstructing Sleep Apnea in Children with Genetic Disorders-A Special Need for Early Multidisciplinary Diagnosis and
Treatment. . Clin. Med. 2021, 10, 2156. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.5664/jcsm.9944
https://www.ncbi.nlm.nih.gov/pubmed/35212261
https://doi.org/10.1016/j.prrv.2017.01.001
https://www.ncbi.nlm.nih.gov/pubmed/28185814
https://doi.org/10.1093/sleep/zsx015
https://www.ncbi.nlm.nih.gov/pubmed/28329042
https://doi.org/10.1016/j.ppedcard.2022.101609
https://doi.org/10.1007/s00405-021-06986-0
https://doi.org/10.1155/2012/273591
https://doi.org/10.21037/jtd-cus-2020-004
https://www.ncbi.nlm.nih.gov/pubmed/33214923
https://doi.org/10.5664/jcsm.3528
https://doi.org/10.1016/j.jfma.2023.09.004
https://doi.org/10.1002/lary.26398
https://www.ncbi.nlm.nih.gov/pubmed/28055122
https://doi.org/10.3390/jcm12175504
https://doi.org/10.1016/j.ijporl.2020.110332
https://doi.org/10.21037/atm.2018.07.13
https://www.ncbi.nlm.nih.gov/pubmed/30306082
https://doi.org/10.1038/s41390-020-01285-6
https://doi.org/10.1111/jsr.13165
https://doi.org/10.3390/jcm10102156

	Introduction 
	Materials and Methods 
	Results 
	Association between ATH-Related Apnea and Cardiac Markers 
	Prevalence of Pulmonary Hypertension and Associated Risk Factors in Children with OSA 
	Changes in Biomarkers of Cardiac Stress and OSA 
	Effects of A&T on Heart Function 
	Risk of Bias 

	Discussion 
	Conclusions 
	References

