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Study Objectives: Pulmonary hypertension (PH) has been reported as a serious complication of obstructive sleep apnea (OSA) in children; however, estimated
prevalence rates vary widely (zero to 85%). The purpose of this study is to determine the prevalence of PH in children with OSA and identify factors that may

predict an increased PH risk in children with OSA.

Methods: A retrospective review of all pediatric beneficiaries (88,058) in the San Antonio Military Health System with a diagnosis of OSA and a clinical evaluation
by a pediatric cardiologist. OSA severity and nadir oxygen saturation were recorded from overnight polysomnography. Reason for referral, comorbid disorders,
echocardiogram results, and cardiac diagnoses were obtained from cardiology records.

Results: OSA was identified in 2,020 pediatric patients (2.3%). A pediatric cardiology consultation was reported for 296 patients with OSA. After excluding
95 patients for incorrect OSA diagnoses, incomplete data, or OSA treatment before cardiology evaluation, 163 patients were included in the final analysis.
A diagnosis of PH was found in 3 patients with OSA (1.8%). Two of these patients had obesity, and all three had comorbid cardiac disorders.

Conclusions: Prevalence of PH in pediatric patients with OSA is low and none of the patients with PH had severe OSA. Current guidelines recommend
PH screening in patients with severe OSA, yet OSA severity may not accurately predict risk. Factors evaluated in this study did not demonstrate an increased
PH risk; additional research is necessary to improve screening in pediatric patients with OSA.
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BRIEF SUMMARY

from screening echocardiograms.

apnea.

Current Knowledge/Study Rationale: Pulmonary hypertension is considered to be a significant consequence of pediatric obstructive sleep apnea, yet the
prevalence and risk factors for its development remain unknown. This paucity of data makes it difficult for clinicians to predict which patients would benefit

Study Impact: This is the largest study to use consistent polysomnogram and echocardiogram data to determine the low prevalence of pulmonary
hypertension in pediatric obstructive sleep apnea. These findings may be helpful to improve screening programs, provide evidence for future
guideline development, and aid future research on factors that may increase the risk of pulmonary hypertension in patients with obstructive sleep

INTRODUCTION

Pediatric obstructive sleep apnea (OSA) is characterized by
partial to complete upper airway obstructions during sleep.’
Pediatric OSA, which can contribute to growth and behavioral
problems, is estimated to occur in approximately 1.2% to 5.7%
of children.”* Children with underlying medical conditions,
including obesity, craniofacial anomalies, neuromuscular dis-
orders, and certain genetic syndromes, have higher rates of OSA.>™®
Clinical history is poorly predictive of the diagnosis, and
polysomnography is required for the diagnosis of OSA.>°
Pulmonary hypertension (PH), an abnormal elevation in pul-
monary artery pressure, is commonly reported as a cardiovascular
sequelae of OSA.>*'* PH is rare in pediatric patients, yet,
despite available treatments, it contributes to significant mor-
bidity and mortality in children.'>'® The pathogenesis of PH is
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multifactorial and includes genetic predisposition, environmental
factors, hemodynamic stress, inflammation, and hypoxemia.'*™'®
The purported mechanism for the development of PH in patients
with OSA is related to hypoxemia, which can occur as a result of
partial to complete upper airway obstruction. Hypoxemia may
lead to increased pulmonary vascular resistance with sub-
sequent ventricular dysfunction and development of PH.*'%:1-2

PH caused by chronic upper airway obstruction was first
reported in the pediatric literature more than 50 years ago.?'
Since that time, prevalence rates of PH in children with OSA
have been reported, with estimates ranging from zero to 85%.%**
The wide range is most likely a result of methodological dif-
ferences, such as small sample sizes, case reports, absence of
polysomnogram, and varying diagnostic thresholds for OSA
and PH. Consequently, there is limited evidence to support OSA
as a significant risk factor for PH.
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The objective of this retrospective analysis was to determine
the prevalence of PH in a large cohort of pediatric patients with
OSA. The secondary objective was to determine if there are
predictive factors for PH in pediatric patients with OSA. Re-
liable and accurate prevalence estimates of PH in children with
OSA will allow for improved resource allocation and health care
planning **

METHODS

This is a retrospective study of pediatric patients in the San
Antonio Military Health System with a diagnosis of OSA and a
consultation with a pediatric cardiologist between October
2011 and September 2016. The study was approved by Brooke
Army Medical Center Regional Health Command-Central In-
stitutional Review Board (IRB # C.2017.211d).

The Military Health System Management Analysis Reporting
Tool (M2) was used to query the records of Department of De-
fense health care beneficiaries between birth and 18 years of age
who sought care within and outside of the military treatment fa-
cilities in San Antonio, Texas. Patients with OSA were identified
within the M2 system utilizing the International Classification of
Diseases (ICD) diagnostic codes 32723 (ICD-9) and G47.33
(ICD-10). Detailed screening of individual electronic medical
records ensued for patients with a diagnosis of OSA and a referral
to a pediatric cardiologist.

Patients were included for review if their electronic medical
record contained the results of a full-night polysomnography
(PSG) meeting diagnostic criterion for OSA and at least one
clinical encounter note from a cardiologist. Patient demographic,
body mass index (BMI), PSG, and cardiology consultation data
were recorded from electronic medical records.

BMI values were converted to z-scores and percentiles using
the Centers for Disease Control and Prevention (CDC) growth
charts and lambda-mu-sigma parameters.***® Percentiles were
recorded as underweight (< 5%), normal weight (5% to 84%),
overweight (85% to 94%), and obese (> 95%).%”

PSG reports provided apnea-hypopnea index (AHI) and lowest
oxygen saturation during sleep. AHI severity levels were classified
as mild, moderate, or severe according to age at the time of PSG."”’
Pediatric standards were used for patients younger than 13 years
of age (AHIL: mild = 1-4.9; moderate = 5-9.9; severe = 10 or
higher). Adult standards were used for patients 13 years or older
(AHI: mild = 5-14.9; moderate = 15-29.9; severe = 30 or
higher).

Cardiology consultation reports identified the indication for
referral, comorbid conditions, cardiac diagnoses, and results from
electrocardiogram (ECG), echocardiogram, and cardiac cath-
eterization, if performed. When patients had more than one car-
diology encounter note, the results from the encounter closest to
the date of the PSG were recorded.

Indications for cardiology referral were grouped into the fol-
lowing four categories: congenital heart disease, genetic disorders,
OSA, and other health provider concerns. Other health provider
concerns included referrals for cardiac symptoms, exposures,
family history, and physical examination findings, as well as
abnormal ECG findings.
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The time between the cardiology consultation and PSG was
calculated in days and months, and each patient was identified as
having PSG prior to or after cardiology evaluation. Patient
records with PSG prior to cardiology evaluation were further
reviewed to identify evidence of OSA treatment. Patients were
considered treated for OSA if they underwent upper airway
surgery, such as tonsillectomy, or if the compliance data for
positive airway pressure (PAP) indicated 4 or more hours of device
use for at least 70% of nights in a 30-day period. Of note, universally
accepted standards for optimal PAP adherence in children have not
yet been established*®; therefore, commonly accepted adult ad-
herence standards were utilized,” as described previously.
Treatment was listed as possible if PAP adherence or surgical
records were not available, despite medical records indicating
they were prescribed or planned. Patients identified as treated or
possibly treated for OSA were excluded from further analysis.

PH in children is defined as a mean pulmonary artery pressure
greater than 25 mmHg as measured by right heart catheterization.'>#*-*!
Transthoracic echocardiography measurements can be used as a
noninvasive screening test for PH; however, this method esti-
mates the systolic pulmonary artery pressure through the tri-
cuspid regurgitation peak velocity (TRV) and is considered a
surrogate measure for PH.*'** Because an echocardiogram es-
timate can vary with the skill of the interpreting physician,** we
had two pediatric cardiologists independently (and retrospec-
tively) review each echocardiogram identified as having con-
cern for left ventricular diastolic dysfunction, right ventricular
dilation, atrioventricular septal defects, main pulmonary artery
dilation, or PH. These echocardiograms included standard pedi-
atric imaging with two-dimensional, Doppler, color Doppler,
and M-mode measurements utilizing a Philips iE 33 or Epiq 7
(Koninklijke Philips N.V., Amsterdam, Netherlands) or a GE
Vivid 7 or Vivid €95 (General Electric, Waukesha, Wisconsin,
USA). The European Society of Cardiology guidelines were
used to identity PH as possible (TRV of 2.9 to 3.4 m/sec) or
likely (TRV > 3.4 m/sec).*' If a patient’s TRV was <2.8 m/sec
the echocardiogram was recorded as normal. If the TRV was
inadequate to assess the right ventricular pressure, indirect
evidence of pulmonary hypertension was assessed utilizing
septal roundness, right ventricular dilation, and velocity of the
pulmonary regurgitant jet.

All statistical analyses were performed using JMP statistical
software, v13.0, developed by Statistical Analysis Software
(SAS Institute; Cary, North Carolina, USA). Descriptive sta-
tistics included means and standard deviations for normally
distributed continuous variables or medians and interquartile
ranges for continuous variables that were not normally dis-
tributed. Percentages were calculated for categorical variables.
Prevalence of OSA and PH were reported as a percentage.
Continuous variables were analyzed using the ¢ test or Wilcoxon
rank-sum test. Categorical data were analyzed using chi-square
tests or Fisher exact test. Significance was defined as P < .05.

RESULTS

A total of 88,058 Department of Defense pediatric beneficiaries
(age 18 years or younger) were enrolled in direct or private care
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in San Antonio, Texas between October 2011 and September
2016 (Figure 1). OSA was diagnosed in 2,020 patients (2.3%).
Of the patients with OSA, 296 (1.5%) also had a referral to
cardiology. Thirty-eight records were excluded because of
duplications or nonsearchable electronic medical records.
Electronic medical records were reviewed for 258 patients.
Forty-one patients were excluded because of missing PSG and/
or cardiology consult reports. Another thirty-three patients did
not meet diagnostic criteria for OSA as defined previously.
Twenty-one patients were excluded for known or suspected
OSA treatment obtained before their cardiology evaluation.
The final analysis included 163 pediatric patients. Their mean
age was 7.7 = 4.8 years (Table 1). Approximately half of the
patients were male (n=91; 56%) and white (n=79; 48.4%). The
mean BMI percentile was 62 + 37 and nearly half of the patients
were of normal weight (n = 80; 49.1%). The median AHI was

Pulmonary Hypertension in Pediatric Patients With OSA

5.5 events/h with an interquartile range (IQR) 0f 2.4-12.1 events/h.
Half of the patients had mild OSA (n = 87; 53%). The mean
oxygen saturation nadir was 86 + 7.7%.

The indications for cardiology referral are detailed in
Table 2. The largest category of indications was other health
provider concerns (n = 83; 51%), and included murmurs (n =
26), abnormal ECG (n = 13), and syncope (n = 13), as well as
several other concerning cardiac signs, symptoms, and medical
history and examination findings. History of congenital heart
disease was the indication for one-third of the patients (n = 54;
33%). Although more than one-tenth of the patients (n = 26;
16%) had Down syndrome, only 10% of the referrals to car-
diology were for genetic disorders. The primary reason pa-
tients with Down syndrome were referred to cardiology was
categorized as congenital heart disease. Half of the patients with
Down syndrome had severe OSA (n = 13; 50%); moderate or

Figure 1—Flow chart of study population.
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Table 1—Patient demographic and polysomnography data.

Variable All Patients (n = 163) No PH (n = 160) PH (n=3) P
Age, mean * SD, years 76148 76149 7930 75
Male, % (n) 55.8 (91) 55.6 (89) 66.7 (2) .70
Race, % (n) .36

White 48.4 (79) 49.4 (79) 0.0 (0)

Black 16.0 (26) 15.6 (25) 333 (1)

Asian or Pacific Islander 1.2 (2) 1.3(2) 0.0 (0)

Other 25.2 (41) 24.4 (39) 66.7 (2)

Unknown 9.2 (15) 9.3 (15) 0.0 (0)
BMI percentile, mean + SD 62.0 +37.0 61.3+37.0 80.6 + 33.3 21
BMI severity level, % (n) 53

Underweight 104 (17) 10.6 (17) 0.0 (0)

Normal weight 49.1 (80) 49.4 (79) 33.3 (1)

Overweight 8.6 (14) 8.8 (14) 0.0 (0)

Obese 31.9 (52) 31.2 (50) 66.7 (2)
AHI, median (IQR) , events/h 5.5 (2.4-12.1) 5.7 (2.4-12.3) 1.5(1.1-8.2) 18
AHI severity level, % (n) 42

Mild 53.4 (87) 53.1 (85) 66.7 (2)

Moderate 22.1 (36) 21.9 (35) 33.3 (1)

Severe 24.5 (40) 25.0 (40) 0.0 (0)
LSAT, mean % SD, % 86.0 £ 7.7 86.0+7.7* 89.3+23 .50

Mean + SD provided for normally distributed variables; median (quartile 1-quartile 3) are provided for variables that are not normally distributed. * LSAT
missing from 2 patients. AHI = apnea-hypopnea index, BMI = body mass index, IQR = interquartile range, LSAT = lowest oxygen saturation, PH = pulmonary

hypertension, SD = standard deviation.

mild OSA was diagnosed in eight and five patients, respectively.
One patient with Down syndrome had PH. OSA was the in-
dication for the remaining 6% of referrals. Of the 10 referrals for
OSA, 7 patients had severe OSA, 2 had moderate, and 1 patient
had mild OSA. None of the patients referred specifically for
OSA were found to have PH. Just over 30% of the patients with
OSA had obesity (n = 52; 31.9%) and almost 10% were
overweight (n = 14; 8.6%). One-third of the patients with
obesity (n = 17; 32.6%) were found to have severe OSA
compared to one-fifth of the normal weight patients (n = 17;
21.3%).

More than half of the patients had a cardiology evaluation
prior to PSG (n=97; 60%), with a median time between events
of 5.3 months (IQR 1.8-15.1). PSG was performed prior
to cardiology evaluation in the remaining 66 patients, with a
median time between events of 4.1 months (IQR 1.7-11.7).
Eighteen patients had normal cardiology evaluations with an
ECG only. Cardiac magnetic resonance imaging was normal
in one patient. Normal echocardiograms were reported for
88 patients. Of the 56 remaining echocardiograms, the most
common abnormalities included mitral valve regurgitation or
prolapse (n = 7), patent foramen ovale (n = 7), and bicuspid
aortic valves (n = 6).

Two pediatric cardiologists independently reviewed 23
echocardiograms, which were identified for review when the
original report identified left ventricular diastolic dysfunction,
right ventricular dilation, atrioventricular septal defects, main
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pulmonary artery dilation, or PH. This review was done ret-
rospectively, and the cardiologists were not blinded to the OSA
diagnoses of the patients. Fewer than 2% of patients had a
diagnosis of PH (n = 3/163, 1.8%).

There were no statistically significant differences between
patients with and without PH (Table 1). However, in the three
patients with PH, none had severe OSA, two had obesity, and all
three had cardiac pathology. The following cardiac abnor-
malities were identified: (1) evidence of repaired transposition
of the great arteries with double outlet right ventricle and
conduit stenosis, (2) subaortic membrane with stenosis, and (3)
evidence of repaired patent ductus arteriosus and atrioven-
tricular defects. Table 3 contains characteristics of the patients
in whom PH was diagnosed.

DISCUSSION

The principal finding of this study is the low prevalence of PH
in pediatric patients with OSA who were also referred to pe-
diatric cardiology, occurring in only 1.8% of the study pop-
ulation. This result is similar to that of the only other study
that used PSG to diagnose OSA in estimating the prevalence of
PH.*° In that study, the sample size was smaller (n = 55) and the
prevalence was determined to be zero. Other studies that report
aprevalence of PH in pediatric patients with OSA used clinical
judgement or did not report the methods used to diagnose
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OSA. 22931733 The use of PSG to diagnose OSA in children is
well established.>** Clinical evaluation alone does not have
sufficient sensitivity or specificity to establish a diagnosis of OSA
and should not be used in epidemiologic studies or as a basis for
practice guidelines.

The current pediatric PH guidelines from the American Heart
Association (AHA) and American Thoracic Society (ATS)
recommend echocardiography in patients with severe OSA
(class 1, level of evidence B).'> However, the studies cited in
support of this recommendation report right ventricular hy-
pertrophy or reduced right ventricular ejection fraction instead
of PH and did not consistently use PSG or echocardiography to
diagnose OSA or identify PH, respectively.**” Although 25%
of our analyzed population had severe OSA, none of these
patients had PH. The three patients we identified with PH had
mild or moderate OSA that would not have been detected using

Table 2—Indications for cardiology referral.

Number of Patients
54
16
10
83
26
13

Indication

Congenital heart disease

Genetic disorder

Obstructive sleep apnea

Other health provider concerns
Murmur
Abnormal ECG
Syncope
Hypertension
Lung disease
Family history of cardiac disease
Tachycardia
Palpitations
Chest pain
Obesity
Intermittent peripheral cyanosis
Dropped heartbeats on PSG
Possible Kawasaki disease
Cardiotoxic drug exposure

—_
w

Cardiac arrest

Hypoxemia

alalalajlalalaldIMdIMIMIAM N

Leukemia

ECG = electrocardiogram, PSG = polysomnography.

Pulmonary Hypertension in Pediatric Patients With OSA

the AHA/ATS guidelines, which recommend a screening
echocardiogram for severe OSA.

The strengths of our study include the use of widely ac-
cepted screening and diagnostic standards for PH and OSA.
Also, patients with any reported or suspected treatment for
OSA were excluded from analysis. All of the patients in-
cluded in our final analysis had a diagnosis of OSA by PSG.
The prevalence of OSA in our study population (2.3%)
mirrors that of the general population (1.2% to 5.7%) and
suggests that it may be a representative sample. Additionally,
the European Society of Cardiology guidelines were fol-
lowed to identify evidence of PH and the same two pediatric
cardiologists reviewed echocardiograms. By studying pa-
tients with OSA and a cardiology referral for an indication
other than OSA, we were able to analyze data from a much
larger cohort. This study has the largest sample size of pe-
diatric PH and OSA to date, and it supports the hypothesis that
prevalence of PH is extremely low in pediatric patients with
OSA, despite underlying medical conditions that may in-
herently increase risk for PH.

The retrospective nature of this study resulted in the fol-
lowing limitations and potential biases: (1) Notall of the patients
identified with OSA (n = 2,020) had an echocardiogram.
Cardiology evaluations were performed in a small number of
these patients, and the indication for the referral was rarely due
to OSA. Most of the referrals were for known or suspected
cardiac disease, which could increase the risk for PH, in-
dependent of OSA. This may have falsely increased the prev-
alence rate. (2) Cardiologists were not blinded to the diagnosis
of OSA. (3) Although echocardiograms are commonly used for
noninvasive PH screening, cardiac catheterization is required to
confirm the diagnosis of PH.'>*? Cardiac catheterization was not
included for all patients in this study. (4) The recommended
American Academy of Sleep Medicine scoring rules changed
during the time period of the study.*®* Many PSG reports did not
indicate which rules were utilized to determine AHI. Therefore,
it is possible that different rules would have produced different
AHI severity levels for the same patient. (5) We were unable to
obtain the time with oxygen saturation < 90%, desaturation
index, arousal index, or degree of hypercarbia for each patient.
Those additional items may play arole in the development of PH
in patients with OSA. (6) The length of time necessary for PH to
develop with untreated OSA remains undetermined. It was not
possible to determine when initial development of OSA oc-
curred in our patients. Although PH was not diagnosed during
our study period, PH may develop at a later date.

Table 3—Characteristics of patients with pulmonary hypertension.

Age (y) Sex Race BMI AHI LSAT Indication for Cardiology Referral Comorbid Disorders
5.1 Female | Other | Normal 1.5 88% |Congenital heart disease Transposition of great arteries with DORV
repair, conduit stenosis
7.5 Male Other | Obese 1.1 88% |Abnormal ECG Subaortic membrane
11.0 Male Black | Obese 8.2 92% | Congenital heart disease Trisomy 21 ASD, VSD, PDA repairs

AHI =apnea-hypopneaindex, ASD = atrial septal defect, BMI = body mass index, DORV = double outlet right ventricle, ECG = electrocardiogram, LSAT = lowest
oxygen saturation, PDA = patent ductus arteriosus, VSD = ventricular septal defect.
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The study was also limited by the low number of patients with
PH (n = 3). This low prevalence limited the ability to draw any
statistically significant conclusions regarding risk factors for
PH in a pediatric patient with OSA. A power analysis with only
3 of 163 patients showed that any factor would need an effect
size at least 1.7 times larger than the standard deviation in order
to establish significance with a power of 80%. However, be-
cause all three of our patients with PH and OSA had underlying
cardiac disease and two were obese, these findings may point to
associations that necessitate further study.

Another interesting finding from our retrospective analysis of
this large database was the mean age of 7.6 years in our pop-
ulation studied. This likely represents the wide array of patients
referred to cardiology, which skews our study population.
Typically, pediatric OSA is thought of in two distinct patient
populations. Usually, children younger than school age with
OSA are presumed to have tonsillar and/or adenoidal hyper-
trophy. This may be the case for postpubertal children; however,
the common adult risk factor of overweight or obesity may
contribute to the risk for the older pediatric patient. We noted
approximately 40% of our study population was categorized
as overweight or having obesity, which is an ongoing public
health concern in pediatrics. Obesity is a growing problem that
the American Academy of Pediatrics has identified as one of
the current major public health threats in children.*” Anincrease
in obesity rates in children may have an effect on the mean age
of OSA diagnosis, as well as treatment considerations. Our study
did not have a sufficient number of patients with PH to make
any conclusion on the association of obesity with PH.

In conclusion, we found a low prevalence of PH in children
with OSA, despite the large number of patients with underlying
conditions that may independently increase risk for the disease.
Although it is commonly assumed that PH is a complication
of pediatric OSA, specifically severe OSA, our results do not
support this assumption. The data used previously to identify
PH as a serious complication of OSA in children was limited by
small study populations and lacked recommended diagnostic
and screening measures. Our findings include a large cohort
with PSG and echocardiogram results and suggest that current
screening guidelines, which recommend screening for severe
OSA only, may not appropriately guide clinicians or assist in the
identification of patients with PH.

Prospective studies are needed to identify risk factors in
patients with OSA that lead to the development of PH, the time
frame for development, and the best time to screen patients for
PH. These additional data could improve the current AHA/ATS
guideline recommendations for screening echocardiograms in
pediatric patients with OSA and provide significant improve-
ments in patient care and healthcare utilization.

ABBREVIATIONS

AHA, American Heart Association

AHI, apnea-hypopnea index

ATS, American Thoracic Society

BMI, body mass index

CDC, Centers for Disease Control and Prevention
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ECG, electrocardiogram

ICD, International Classification of Diseases

IRB, International Review Board

IQR, interquartile range

M2, Military Health System Management Analysis
Reporting Tool

OSA, obstructive sleep apnea

PH, pulmonary hypertension

PSG, polysomnography

TRV, tricuspid regurgitation peak velocity
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