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Study Objectives: Our objective was to determine the prevalence of elevated right ventricular pressure (RVP) as a surrogate marker for pulmonary hypertension in
children with obstructive sleep apnea syndrome (OSAS) undergoing echocardiography.
Methods: This was a retrospective chart review of children ages 2–21 years diagnosed with OSAS by an overnight polysomnogram who underwent cardiac
echocardiogram to screen for pulmonary hypertensionwithin 6months of polysomnogram in a tertiary inner-city pediatric hospital. The primary outcomewas elevated
RVP defined by estimated RVP ≥ 25 mm Hg above right atrial pressure or ventricular septal configuration consistent with elevated RVP.
Results: A total of 174 children were included. The median (interquartile range) age was 8.9 (5.5–13.1) years with 59.2% male, 41.4% Hispanic, and 25.9% non-
Hispanic Black patients. The prevalence of obesity was 72.0% and severe or very severe OSAS was present in 93.1%. The median (interquartile range) apnea-
hypopnea indexwas28.3events/h (18.8–52.7events/h).Sevenchildren(4.0%)hadelevatedRVP.TherewasnoassociationbetweenelevatedRVPandage,sex, race,
body mass index percentile, apnea-hypopnea index, oxygen nadir, or severe OSAS (apnea-hypopnea index ≥ 10 events/h).
Conclusions: Elevated RVP was rare and was not associated with OSAS severity. The prevalence in this cohort is higher than the prevalence of pulmonary
hypertensionnoted in similar studies (0%–1.8%),whichmaybe related to differences inmethodology or unassessed cohort characteristics. Further effort to determine
the optimal role for pulmonary hypertension screening in pediatric OSAS is needed.
Keywords: echocardiogram, obstructive sleep apnea syndrome, pediatrics, pulmonary hypertension
Citation: Bitners AC, Arens R, Mahgerefteh J, et al. Prevalence of elevated right ventricular pressure in children with obstructive sleep apnea syndrome undergoing
pulmonary hypertension screening. J Clin Sleep Med. 2021;17(11):2225–2232.

BRIEF SUMMARY
CurrentKnowledge/StudyRationale:Obstructive sleep apnea syndrome is linked to cardiovascular risk in children, including pulmonary hypertension (PH);
however, there are few studies reporting the prevalence of PH in children with obstructive sleep apnea syndrome. Furthermore, the risk factors for PH are
unknown, which has hindered the development of evidence-based screening guidelines.
Study Impact: Although obesity and severe obstructive sleep apnea syndrome are often assumed to be risk factors for PH, some children with elevated right
ventricular pressure in this study were of normal weight and did not have severe obstructive sleep apnea syndrome at the time of this study. This suggests that
screening strategies that rely on these indications alone may not be adequate to identify children with PH.

INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is characterized by
partial or complete airway obstruction during sleep leading to
ventilatorydisturbanceandsleepfragmentation.1Theprevalence
in children is 2%–4%.2 Although the pathophysiology is
multifactorial, the most common cause of pediatric OSAS is
hypertrophy of the tonsils and adenoids. Accordingly, adeno-
tonsillectomy is the first-line treatment in themajorityof cases.3,4

OSAS in children is linked to a variety of adverse effects,
including neurocognitive impairment, behavioral problems,
metabolic dysregulation, and systemic inflammation.5,6 There

is also increased cardiovascular risk mediated by OSAS-related
blood pressure dysregulation, hypoxia-induced inflammation,
and endothelial dysfunction.6 Pulmonary hypertension (PH) and
cor pulmonale due to OSAS have also been reported in
children.7,8 Although cardiac catheterization is the gold standard
in diagnosis of PH, echocardiography is the preferred method of
screening for PH in children, as it can also provide an estimate of
the right ventricular pressure (RVP) and ventricular function but
has the advantage of being minimally invasive.9 Because OSAS
confers increased cardiac risk, recent clinical practice guidelines
indicate that somechildrenmay require cardiac screeningprior to
surgery.4,9 However, there is no consensus regarding which
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children would benefit from screening or which method of
screening is most appropriate. Furthermore, risk factors for
cardiac morbidity in OSAS are unknown.

Othergroupshave recently examined the relationshipbetween
OSAS and PH.A study by Burns et al10 found a 1.8% prevalence
of PH in childrenwithOSAS; however,OSASwas the indication
for cardiology referral in only 6.3% of patients, and most
children with PH had known congenital heart disease. Other
work, by Teplitzky and colleagues,11 found no cases of PH in a
cohort of children with severe OSAS undergoing PH screening
prior to adenotonsillectomy. Furthermore, neither study found an
association between OSAS severity and cardiovascular out-
comes.Wesought to extend thisworkby reporting theprevalence
of PH in a larger, more ethnically and racially diverse cohort of
childrenwho had been referred for PH screening specifically due
to a diagnosis of OSAS.

Although the prevalence of PH in children with OSAS is not
well described, recognition of PH in children is critical both to
avoid acute postoperative complications and to manage the
associated long-term sequelae. For example, when children with
PH undergo elective surgery, the procedure should be performed
in consultation with a cardiologist and an anesthesiologist
experienced in the management of PH.9 PH increases the risk of
complications, including laryngospasm, oxygen desaturation,
pulmonary edema, postoperative upper airway obstruction, and
respiratory arrest and is associated with a 20-fold increase in the
mortality rate compared to rates for all children undergoing
anesthesia or sedation.12,13 Children with PH should also be
evaluatedwith serial echocardiograms andmonitored for disease
progression.9,14 The potential for morbidity and mortality
underscores the importance of recognizing PH in children so
that they can bemanaged appropriately to mitigate perioperative
complications and address long-term sequelae.

The purpose of this study was to report the prevalence of PH
in children with OSAS at our institution who had been referred
to cardiology for echocardiographic evaluation by pediatric
otolaryngology and pediatric pulmonology/sleep medicine.
Additionally, we aimed to identify clinical or demographic
factors associated with PH in these children. We believed this
information would aid in the management of children with
OSAS by assisting care teams in identifying the children at
greatest risk of cardiovascular sequelae who might benefit from
PH screening. Adopting a targeted approach to cardiac
evaluation in children with OSAS could optimize the screening
process and avoid excessive echocardiography screening in this
population.

METHODS

Participants
This observational, retrospective cohort study included children
(aged 2–21 years) who underwent polysomnography and echo-
cardiography within 6 months between January 1, 2016 and
September 23, 2019. Children were eligible for inclusion if they
had OSAS, underwent echocardiography to screen for OSAS-
related PH, and were not previously followed by pediatric
cardiology. Children considered to be at high risk of PH were

referred to cardiology by either pediatric otolaryngology or
pediatric sleep medicine, but there were no standard criteria for
referral in place during the study period. Children aged < 2 years
were excluded because that is the cutoff atwhich our institution’s
pediatric otolaryngology group performs adenotonsillectomy as
first-line treatment for upper airway obstruction and obstructive
sleep apnea. Patients withmixed or primarily central sleep apnea
were excluded. Other exclusion criteria included prior tracheot-
omy, incomplete medical record, and airway surgery (eg,
adenotonsillectomy) within 1 year of the echocardiogram or
polysomnogram (PSG). This study was approved by the Institu-
tional Review Board at the Children’s Hospital at Montefiore/
Albert Einstein College of Medicine.

Measures
The following information was collected from the medical
record: age on day of echocardiogram, sex, race/ethnicity, body
mass index (BMI) on day of echocardiogram, medical comor-
bidities (allergies, eczema, allergic rhinitis, asthma, anemia,
bronchopulmonary dysplasia, developmental delay, diabetes
mellitus, genetic syndromes, gastroesophageal reflux disease,
sickle cell disease), PSG parameters, and echocardiogram
findings. BMI percentile was categorized as follows: under-
weight (<5%), normal weight (5%–84%), overweight
(85%–94%), mild obesity (95%–119% of 95th percentile),
moderate obesity (120%–139% of 95th percentile), and severe
obesity (>140% of 95th percentile).15,16

Echocardiography
Echocardiographywas performedusing standard protocols at the
Children’s Hospital at Montefiore in an echocardiography lab
accredited by the Intersocietal Accreditation Commission.17,18

The original echocardiogram reports generated by pediatric
cardiologists were reviewed to determine whether there was
evidence of elevated RVP. Elevated RVP was defined by
estimated RVP≥ 25mmHg above right atrial pressure or ven-
tricular septal configuration consistent with elevated RVP
according to accepted practice.19,20 Specifically, if the interven-
tricular septumwas flattened in systole, the RVPwas interpreted
to be between one-half of systemic pressure and systemic
pressure. If the septumbowed toward the left ventricle in systole,
RVP was interpreted to be at or above systemic pressure.

Polysomnography
Allchildrenunderwentovernightattendedpolysomnography.PSGs
were scored according to standard criteria.21 The following PSG
parameters were recorded: total sleep time (TST), sleep efficiency,
arousal index, awakening index, apnea-hypopnea index (AHI),
central apnea index, obstructive apnea index, arterial oxygen
saturation (SpO2) at baseline, SpO2 nadir, end-tidal CO2 (EtCO2)
at baseline, maximum EtCO2, and percentage of TST spent with
SpO2<90%.Polysomnographywasperformedat1of10sleep labs,
with themajority (89%)being performed in 1 of 3 sleep centers (the
pediatricsleeplaboratoryatour institutionand2nearbyprivatesleep
centers that serve both children and adults). OSAS was defined as
AHI ≥2 events/h and/or obstructive apnea index ≥1 event/h.22

OSASwas classified was mild (1≤AHI < 4.9 events/h), moderate
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(5≤AHI<10events/h), or severe (AHI≥10 events/h).4

An additional classification of very severe (AHI ≥30 events/h)23

was used in some analyses.

Statistical analysis
Statistical analysis was performed using Prism software version
8.4.2 (GraphPadSoftware,SanDiego,CA).Descriptive statistics
were obtained for the study variables. In comparing the
characteristics of children with normal vs elevated RVP,
categorical variables were summarized using counts and
percentages, while continuous variables were expressed as
means and standard deviations for normally distributed variables
andasmediansand interquartile ranges forvariables thatwerenot
normally distributed. Categorical data was analyzed using the
chi-square or Fisher’s exact test as appropriate. Continuous
variables were analyzed using the Mann-Whitney U test.
Statistical significance was defined as a < 0.05.

Because one of the children with elevated RVP had sickle cell
disease and there is an increased prevalence of PH in children
with this disease,24 a separate posthoc analysis of the data
was performed that excluded all children with sickle cell disease
(n = 5).

RESULTS

Participants
A total of 620 children aged 2–21 who underwent echocardio-
gram and PSG were identified (Figure 1). Forty-one children
were excluded for the following reasons: incomplete medical
record (n = 5), prior tracheotomy (n = 10), and airway surgery
within 1 year of the echocardiogram or PSG (adenoidectomy
[n = 1], adenotonsillectomy [n = 21], tonsillectomy [n = 2], epi-
glottectomy [n = 1], supraglottoplasty with adenoidectomy, tur-
binate reduction, tonsillectomy, and lingual reduction [n = 1]).Of
the remaining 579 children, 388 had OSAS. Their medical
records were manually reviewed to determine the indication for
echocardiography. One hundred seventy-four children were
referred to cardiology for OSAS-related PH screening and thus
were included in the study.

Demographic information and comorbidities
Demographic and clinical characteristics of children included in
the study are presented in Table 1. The median (interquartile
range [IQR]) agewas 8.9 (5.5–13.1) years and 59.2%weremale.

Figure 1—Flow chart of study participants.

OSAS = obstructive sleep apnea syndrome, PH = pulmonary hypertension, PSG = polysomnogram, RVP = right ventricular pressure.
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The most common racial/ethnic groups were Hispanic (41.4%)
and non-Hispanic Black (25.9%). The median BMI percentile
was 98.9 (IQR 90.2–99.7). Of the 168 children with BMI data,
121 (72.0%) were obese, defined as BMI at or above the 95th
percentile. A prior history of tonsillectomy with or without
adenoidectomywas noted for 29 (16.7%) children.Demographic
characteristics between those with normal RVP and elevated
RVP were similar. The participants’ medical comorbidities are
displayed in Table 2.

Echocardiography
Sevenchildren (4.0%)hadelevatedRVP.Theirdemographicand
clinical characteristics are displayed in Table 3. There was no
association between elevated RVP and age, sex, race, BMI
percentile, or severe OSAS.

Polysomnography
PSG parameters are displayed in Table 4. The median AHI was
28.3 events/h (IQR18.9–52.6) for childrenwith normalRVPand
23.4 events/h (IQR 7.5–87.5) for children with elevated RVP
(P= .75). ThemedianSpO2nadirwas77.0%(IQR69.0–85.0) for
children with normal RVP and 66.0% (IQR 40.0–85.0) for
children with elevated RVP (P= .14). The median peak EtCO2

was 51.0 mm Hg (IQR 47.0–54.0) in children with normal RVP
and 53.0 mmHg (IQR 45.5–58.0) in children with elevated RVP
(P= .65). There was no association between elevated RVP and
AHI, SpO2 nadir, peak EtCO2, or with any of the other PSG
parameters (TST, sleep efficiency, central apnea index, baseline
SpO2, %TST with SpO2 < 90%, and baseline EtCO2). The
severity of OSASwasmild, moderate, and severe in 2.3%, 4.6%,
and 44.8% of children, respectively. Very severe OSAS was
present in 48.3% of cases.

Table 1—Demographic information and clinical characteristics.

Variable All Patients (n = 174) Normal RVP (n = 167) Elevated RVP (n = 7) P

Age, y 8.9 (5.5–13.1) 8.9 (5.5–13.2) 10.5 (5.9–12.2) .55

Male 103 (59.2) 100 (59.9) 3 (42.9) .45

Race/ethnicity .70

Hispanic 72 (41.4) 70 (41.9) 2 (28.6)

Non-Hispanic Black 45 (25.9) 42 (25.1) 3 (42.9)

Non-Hispanic White 9 (5.2) 8 (4.8) 1 (14.3)

Asian 1 (0.6) 1 (0.6) 0

Other 15 (8.6) 15 (9.0) 0

Unknown 32 (18.4) 31 (18.6) 1 (14.3)

BMI percentile* 98.9 (90.2–99.7) 98.9 (89.3–99.6) 99.8 (93.0–99.9) .25

Underweight 9 (5.2) 9 (5.4) 0

Normal weight 30 (17.2) 29 (17.4) 1 (14.3)

Overweight 8 (4.6) 7 (4.2) 1 (14.3)

Mild obesity 32 (18.4) 32 (19.2) 0

Moderate obesity 36 (20.7) 34 (20.4) 2 (28.6)

Severe obesity 53 (30.5) 50 (29.9) 3 (42.9)

Obesity 121 (72.0) 116 (72.0) 5 (71.4) >.99

Tonsils and/or adenoids
removed

29 (16.7) 27 (16.2) 2 (28.6) .33

OSAS severity .08†

Mild (1 ≤ AHI
< 4.9 events/h)

4 (2.3) 4 (2.4) 0

Moderate (5 ≤ AHI
< 10 events/h)

8 (4.6) 6 (3.6) 2 (28.6)

Severe (10 ≤ AHI
< 30 events/h)

78 (44.8) 76 (45.5) 2 (28.6)

Very severe (AHI
≥ 30 events/h)

84 (48.3) 81 (48.5) 3 (42.9)

Categorical variables are presented as counts and percentages. Continuous variables are presented as median (interquartile range). P values were calculated
using Mann-Whitney U, Fisher’s exact, or chi-square test between groups as appropriate. *BMI percentile (and therefore obesity status) was unavailable or
unspecified (due to age20+) for 6 patients, all of whomhadnormalRVP. BMI percentilewas categorized as follows: underweight (< 5%), normalweight (5%–84%),
overweight (85%–94%), mild obesity (95%–119% of 95th percentile), moderate obesity (120%–139% of 95th percentile), and severe obesity (> 140% of 95th
percentile). †P valuewascalculated for severeOSAS (AHI≥10events/h) vsnonsevereOSAS (AHI<10events/h). AHI =apnea-hypopnea index,BMI=bodymass
index, OSAS = obstructive sleep apnea syndrome, RVP = right ventricular pressure.
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Posthoc analysis excluding patients with sickle
cell disease
Five children in the study population had sickle cell disease, 1
with elevated RVP and 4 with normal RVP. The subgroup
analysis excluding these children revealed that severe or very
severe OSAS was more common in the group with normal RVP
(95.1%) than with elevated RVP (66.7%), and this difference
reached significance (P= .04). In an analysis comparing PSG
parameters between the 2 groups, a significantly lower SpO2

nadir was observed in the group with elevated RVP (63.5% vs
77.0%, P= .0496).

DISCUSSION

Our findings help characterize the prevalence of PH in a largely
non-White, urban patient population with a high prevalence of
obesity. The main finding of this study is a 4.0% prevalence of
elevated RVP in children with OSAS screened for PH. Further-
more, therewasnoassociationwithelevatedRVPandanyclinical
or demographic variables, including severity of OSAS. The
prevalence of elevated RVP in this cohort of children is higher
than the observed prevalence of PH in similar studies. Teplitzky
et al11 studied 47 childrenwith severeOSAS (AHI> 30 events/h)

Table 3—Characteristics of patients with elevated RVP.

Sex Age (y) Race

BMI
Percentile (%

of 95th
percentile)

AHI (events/h) SpO2 Nadir Peak EtCO2 RVP Estimate Comorbid
Conditions

F 11 Black 99.8 (170) 156.4 21% 57 > 1/2 systemic-
systemic

Developmental
delay,

prematurity,
asthma

F 10 Black 99.9 (236) 87.5 61% * 35–40 mm Hg
above RAP

Prediabetes,
iron deficiency

anemia

M 15 Unknown 7.8 23.4 85% 47 30–35 mm Hg
above RAP

Allergic rhinitis,
SCD

F 5 Black 99.9 (120) 6.3 66% 53 25–30 mm Hg
above RAP

—

M 12 Black 93.0 7.5 89% 44 25 mm Hg
above RAP

Elevated blood
pressure,
asthma

M 10 Other 98.9 (126) 20.2 40% 59 > 1/2
systemic–
systemic

—

F 4 White 99.9 (155) 38.8 70% * 25–30 mm Hg
above RAP

—

*Data not available. AHI = apnea-hypopnea index, BMI = body mass index, EtCO2 = end-tidal CO2, RAP = right atrial pressure, RVP = right ventricular pressure,
SCD = sickle cell disease, SpO2 = arterial oxygen saturation.

Table 2—Medical comorbidities stratified by RVP.

Comorbid Condition Normal RVP (n = 167) Elevated RVP (n = 7)

Allergies/eczema/allergic rhinitis 50 (29.9%) 1 (14.3%)

Anemia 11 (6.6%) 1 (14.3%)

Asthma 61 (36.5%) 2 (28.6%)

BPD 1 (0.6%) 0

Developmental delay 10 (6.0%) 1 (14.3%)

Diabetes mellitus 6 (3.6%) 0

Genetic syndrome 12 (7.2%) 0

GERD 6 (3.6%) 0

SCD 4 (2.4%) 1 (14.3%)

Data are presented as countswith percentages. BPD=bronchopulmonary dysplasia, GERD=gastroesophageal reflux disease, RVP= right ventricular pressure,
SCD = sickle cell disease.
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screened for PH prior to adenotonsillectomy and found no
functional or structural echocardiogram abnormalities. The
higher prevalence in our study (4% vs 0%) may be attributable
to methodological differences or unmeasured cohort character-
istics. Of note, the studies used the same method of determining
increased RVP as recommended by standard guidelines.17 In
addition to screening for PH, Teplitzky and colleaguesmeasured
16 echocardiographic parameters to evaluate the left ventricle,
right ventricle, and pulmonary hemodynamics. In their analysis,
PSG parameters were poorly predictive of echocardiographic
outcomevariables. Specifically,AHIwasnot predictiveof anyof
the 16 echocardiographic variables they studied. This finding is
consistentwith our observation thatRVPwas not associatedwith
severity of OSAS. In fact, of the 7 children we identified with
elevatedRVP,4hadanAHI<30events/h, andAHIs as lowas6.3
and 7.5 events/h were observed. Of the 2 children with moderate
OSAS,1hadahistoryofobesity andpersistent severeobstructive
symptomsdespite prior tonsillectomy26months before thePSG,
while the other had no prior surgery but did have a diagnosis of
hypertension.

In another cohort of 163 children with OSAS from a military
health system database who were referred to cardiology, Burns
et al10 reported a 1.8% prevalence of PH using criteria similar to
our study. Of the 3 children with PH, 2 hadmildOSAS (AHI 1.1,
1.5events/h) and1hadmoderatedisease (AHI8.2events/h).Two
childrenhadaknownhistoryofcongenitalheartdiseaseand1was
referred to cardiology for an electrocardiogram abnormality and
was found to have a subaortic membrane. Although our study is
similar to theBurnset al study in that theybothemployedPSGand
echocardiography, the study methodologies differ significantly
in the referralpattern forPHscreening. In theBurnset al study, the
most frequent indication for cardiology referral was congenital
heart disease, and only 10 patients (6.3%) were referred for their
OSAS. This differs from our study, in which all children were
referred to cardiology for OSAS. Inclusion of children with

congenital heart disease likely increased the prevalence of PH in
the study by Burns et al, where 2 out of 3 children with PH had a
known history of cardiac disease that likely contributed to the
development of PH. In light of these differences in study design,
the 4.0%prevalence of PHnoted in this study—more thandouble
that in the Burns et al study—is noteworthy. The higher
prevalence in our population may also be related to differences
in the baseline population of the 2 studies. The Burns et al study
included children in a military health system in Texas, whereas
our institution serves an inner-city population in Bronx, NY.
Patients ofWhite race composed almost half of the population in
the Burns et al cohort but represented only 5% of our population.
For unclear reasons, it has been observed thatBlack children tend
to have more severe OSAS than children from other racial
groups.22 Patients in our cohort also tended to be older (median
age 8.9 vs 7.6 years).

In addition to determining the prevalence of PH in this cohort,
a second study objective was to identify risk factors for elevated
RVP. Our findings were consistent with prior studies10,11 that
havenotdetectedanassociationbetweenelevatedRVPandeither
OSAS severity or BMI score. Analysis of the polysomnographic
parameters also did not reveal any significant differences
(Table 4). Given the modest sample size, the lack of significant
findings may be attributable to inadequate statistical power, and
larger studies are recommended to further explore possible
clinical or demographic risk factors for PH in this population.
Although a variety of strategies have been proposed, at present
there is no consensus regarding specific indications for PH
screening in OSAS across pediatric specialties. Recent tonsil-
lectomy guidelines published by the American Academy of
Otolaryngology–Head and Neck Surgery state that preoperative
cardiac evaluation may be required in children with severe
OSAS4; however, there are no specific recommendations
regarding which children specifically warrant evaluation. Other
authors suggest that preoperative echocardiogram iswarranted if

Table 4—Polysomnographic data.

Variable Normal RVP (n = 167) Elevated RVP (n = 7) P

TST (min) 360 (323–399) 329 (214–369) .08

Sleep efficiency (%) 84.1 (74.0–90.1) 83.1 (50.6–89.9) .41

Arousal index (events/h)¶ 24.7 (16.4–39.4) 22.0 (17.5–53.1) .95

Awakening index (events/h)# 4.1 (2.6–5.5) 3.7 (3.2–56.4) .54

AHI (events/h) 28.3 (18.9–52.6) 23.4 (7.5–87.5) .75

CAI (events/h) 0.3 (0.0–1.6) 0.25 (0.0–1.5) .90

Baseline SpO2 (%)
‡ 98 (97–100) 99 (94–100) .96

SpO2 nadir (%) 77.0 (69.0–85.0) 66.0 (40.0–85.0) .14

% TST with SpO2 < 90% 2.3 (0.28–8.1) 6.1 (0.20–20.8) .44

Baseline EtCO2 (mm Hg)§ 40.0 (36.3–42.8) 39.0 (38.3–41.3) .92

Peak EtCO2 (mm Hg)* 51.0 (47.0–54.0) 53.0 (45.5–58.0) .65

Medians (interquartile range) are provided.P values were calculated using theMann-WhitneyU test. ¶Data available for 107 patients with normal RVP, 5 patients
with elevatedRVP. #Data available for 89 patients with normal RVP, 5 patients with elevatedRVP. ‡Data available for 157 patients with normal RVP, 7 patients with
elevatedRVP.§Dataavailable for80patientswithnormalRVP,4patientswithelevatedRVP. *Dataavailable for97patientswithnormalRVP,5patientswithelevated
RVP. AHI = apnea-hypopnea index, CAI = central apnea index, EtCO2 = end-tidal CO2, RVP = right ventricular pressure, SpO2 = arterial oxygen saturation,
TST = total sleep time.
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the overnight oxygen nadir on PSG reaches 70%25 or if systemic
hypertension or signs of right ventricular dysfunction are
present.26Guidelines for pediatricPHpublishedby theAmerican
Heart Association and American Thoracic Society recommend
echocardiography for children with severe OSAS.9 While these
guidelines rely on OSAS severity to guide screening recom-
mendations, our findings show that children with nonsevere
OSAS may have elevated RVP and suggest that other clinical
or demographic characteristics play a role in the development of
PH. Identifying these other risk factors is a crucial component of
developing evidence-based screening guidelines.

Due to the increased prevalence of PH in children with sickle
cell disease, a separate posthoc analysis excluding these patients
wasperformed. In that subgroup, childrenwith elevatedRVPhad
a significantly lower SpO2 nadir on polysomnography (63.5%vs
77.0%). This result is in alignment with several studies of adults
with OSAS in observing that hypoxemia is more closely
associated with the presence of PH than the severity and
frequency of nocturnal respiratory events.27,28 Correlates to
adult studiesmustbe interpretedwithcaution,however,due to the
distinct pathophysiology of adult OSAS and the higher preva-
lence of comorbid cardiopulmonary disease in that population.
Nonetheless, our results suggest that markers of hypoxemia such
as SpO2 may confer increased PH risk in children, a hypothesis
which should be further evaluated in future studies. Although
there was no difference in AHI between the 2 groups, children
with PH were less likely to have severe OSAS. This agrees with
the findings by Burns et al10 and Teplitzky et al11 and further
suggests that OSAS severity may not be an indication for PH
screening. It is also important to note, however, that this finding
may be influenced by the retrospective nature of this study, as the
children with nonsevere OSAS may have been referred for
echocardiogram due tomedical comorbidities or other perceived
risk factors. As an example, 1 child with nonsevere OSAS who
was referred for echocardiogram had a history of hypertension.

Limitations inherent in the retrospective design include
potential selection bias due to practice variability regarding
cardiology referral: Patients were most commonly referred by
either otolaryngology or pulmonology if severe OSAS was
demonstrated on polysomnography, without specific criteria
regarding other potential risk factors or predefined thresholds for
BMI or AHI that triggered automatic screening. Because
participants in this study were referred to cardiology for PH
screening, the prevalence detected here likely exceeds the
prevalence in the general population of children with OSAS.
There was a high prevalence of obesity and severe OSAS in this
cohort, which reflects the increased frequency with which these
children are referred to cardiology. Variability in referral
practices is unavoidable in this retrospective study andhighlights
the need for prospective studies to better define the role of OSAS
in the development of PH. Additionally, the number of children
with elevated RVP in this study was small, limiting our ability to
identify risk factors. In this study, elevated RVP was used as a
surrogate marker for PH. Although cardiac catheterization is the
gold-standard diagnostic test, echocardiography is widely
accepted as a surrogate screening method and has the additional
benefit of being safe and noninvasive. We relied on the original
echocardiogramreports to determine theRVPrather thanblinded

re-reading of the original imaging; however, this reflects the
typical clinical setting and practice. The temporal difference in
acquisition of PSG and echocardiogram data (up to 6 months) is
another limitation of the study; however, the median time
between the 2 was 61.5 days, and 48% of children had them
performedwithin 60 days. The time delay to echocardiogram for
some patients reflects challenges includingmissed appointments
and difficulty reaching patients despite efforts by our clinical
teams to expedite and facilitate cardiology appointment sched-
uling. Of note, no children had surgical treatment of their OSAS
between the PSG and echocardiogram.

In conclusion, this study demonstrates a 4% prevalence of
elevated RVP in children with OSAS. This is higher than rates
reported in similar studies. Importantly, of 7 children identified
with elevated RVP, 2 (29%) had nonsevere OSAS and 2 (29%)
were not obese. Although severe disease and obesity are often
presumed to be risk factors for the development of PH in children
with OSAS, our findings demonstrate that elevated RVP can
develop in their absence and suggest that screening strategies that
rely heavily on these 2 indications for cardiac evaluationmay not
identify all children with OSAS who have PH. Recognizing the
diagnosisofPHinchildren is crucial indevelopinganappropriate
management plan that avoids both perioperative complications
and long-term sequelae related to the disease. While some
societies and authors recommend cardiac or PH screening for
certain patients with OSAS,4,9,25,26 there are no universally
accepted guidelines. Further effort is needed to identify risk
factors for OSAS-related PH in children and to develop optimal
screening strategies that balance the importance of identifying
PH with the need to utilize health care resources reasonably
and justly.

ABBREVIATIONS

AHI, apnea-hypopnea index
BMI, body mass index
EtCO2, end-tidal CO2

IQR, interquartile range
OSAS, obstructive sleep apnea syndrome
PH, pulmonary hypertension
PSG, polysomnogram
RVP, right ventricular pressure
SpO2, arterial oxygen saturation
TST, total sleep time
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