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Abstract

Background: Single ventricle (SV) defects and Tetralogy of Fallot (TOF) represent common
cyanotic congenital heart defects (CHD). Obstructive sleep apnea (OSA) is a chronic breathing

disorder linked to worse cardiovascular outcomes.

Aim: The aim of this study was to estimate the risk of OSA in patients with repaired congenital
heart defects - patients with SV palliation and patients with repaired TOF, and compare it with

matched controls with structurally normal hearts.

Methods: The study utilized cross-sectional design with three comparison groups: patients with
Fontan palliation, patients with TOF repair and patients with structurally normal heart, treated at
a single tertiary center, Nork-Marash Medical Center in Armenia. Patients were surveyed using
standardized questionnaires for screening of OSA risk (Pediatric Sleep Questionnaire (PSQ) in
children and STOP-Bang and Berlin questionnaires in adults). Medical charts were accessed to
extract clinically relevant information. Conditional multivariable logistic regression analyses

were performed for adjusted analyses.

Results: The study sample included 40 patients with Fontan palliation, 40 age and gender —
matched patients with TOF repair and 80 age and gender-matched control patients with
structurally normal heart. The mean age of participants was 16.9+6.1 years in Fontan, 16.7+5.9
in TOF and 17.2+6.2 in normal heart group (p=0.910). The risk of OSA based on PSQ was high

in all three groups (31.8%, 39.1% and 34.1% in Fontan, Tetralogy and normal heart groups,
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respectively, p=0.854). There were no differences in OSA risk measured by STOP-Bang and
Berlin questionnaires. The prevalence of the high risk of OSA was 27.5% in the Fontan group
and 22.5% in normal heart group (p=0.546). The New York Heart Association functional class
was a significant predictor of OSA risk (odds ratio for functional class 11/111 versus 0/1 = 5.7

(95% Cl 1.3 — 24.8), p = 0.020).

Conclusion: The risk of OSA was high in all study groups compared to reported prevalence in
other countries, including pediatric patients. There was no difference in risk prevalence of OSA
between patients with Fontan palliation and structurally normal heart. Future research is needed
utilizing the reference standard for diagnostic testing of OSA using full-night, sleep laboratory
polysomnography, to establish the true prevalence of OSA in patients with repaired congenital

heart disease and in normal general population in Armenia.
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1. Introduction

1.1 Burden of congenital heart defects

Congenital heart defects (CHD) include structural abnormalities of the heart or intrathoracic
great vessels presenting at birth that have actual or potential functional significance(1). CHD is
the most common congenital disease accounting for about one-third of all major congenital
anomalies(2). The incidence of CHD ranged from 6.9 to 9.3 per 1000 live births in 2011 in the
world with the lowest rate in North America and highest in Asia(3). The prevalence of CHD
worldwide is estimated to be 5.78 per 1,000 in general population with the highest birth
prevalence reported in Asia (3;4). There are estimated 2,800 adults per 1 million of population
living with CHD worldwide(5). Given the current treatment successes and low surgical mortality
rates the prevalence of CHD is projected to continue growing over time reaching to as high as 1

in 150 in the USA after a decade(4).

1.2 Types of CHD

CHDs can be grouped as left to right shunt lesions, obstructive and regurgitant valvular lesions,
and cyanotic lesions(6). The period prevalence of different CHDs from 1978 to 2005 was
estimated to be 68 per 10,000 live births in the US(7). The term “Univentricular heart”
encompasses a summary of malformations where one of the pumping chambers of heart (left or
right ventricle) is missing or hypoplastic and is not able to carry out the circulation (8). These
malformations include: tricuspid atresia, hypoplastic right heart syndrome, hypoplastic left heart
syndrome, double inlet ventricle, extreme forms of unbalanced atrioventricular septal defects,

single ventricle with undefined morphology(4). The most prevalent type is hypoplastic left heart



syndrome (HLHS), reported in 2.5 per 10,000 live births during the same period in the USA
followed by tricuspid atresia (TA) with a period prevalence of 0.6 per 10,000 live births. The
crude median incidence of HLHS is reported as 2.3 per 10 000 live births (9;10). TA occurs less
than once in every 10,000 live births and was present as 2.9% of CHD autopsy series(11). The
prognosis of patients with unrepaired univentricular hearts is very poor(1;9). A series of 83
unrepaired patients showed that 70% of patients with single left ventricle died before 16 years of
age(12). The prognosis is even poorer for those with single right ventricle whose survival was
reported to be 50% at 4 years after diagnosis(12). Given the low survival rates for this diagnosis
various surgical palliative options have been advanced. A surgical palliative intervention,
otherwise known as Fontan procedure, is the current standard of care for patients with

functionally univentricular heart disease who meet a set of clinical eligibility criteria(13).

Tetralogy of Fallot (TOF) represents the most common cyanotic congenital heart defect,
affecting nearly 0.8 — 2.6 / 1,000 live births(14). It has four main components — pulmonary
stenosis, large ventricular septal defect, right ventricular hypertrophy and an overriding of
aorta(6). Most patients with TOF are symptomatic at birth with symptom severity dependent on
the degree of cyanosis and magnitude of infundibular pulmonary stenosis(6). The prognosis of
unrepaired TOF patients is also poor: Bertranou et al in 1978 reported that only 30% of TOF

patients survive to 10 years of age(15).

1.3 Fontan palliation
Patients with univentricular heart malformations can present with two hemodynamic situations:

heart defects with or without anatomic obstruction to pulmonary blood flow(5). The decision to



go to Fontan pathway is undertaken, when the anatomy and hemodynamics are favorable,
namely, that the pulmonary arterial pressure is low (mean < 15mmHg), pulmonary vascular
resistance (PVR) is low, ventricular function is preserved, the heart rhythm is normal and there is

no significant atrioventricular valve regurgitation.

Fontan palliation represents a group of operations aimed at separating pulmonary and systemic
circulations in the univentricular heart defects. It aims to direct the blood flow from systemic
veins directly to the pulmonary artery, without passing to the ventricle. Described by Fontan and
Baudet in 1971, it was initially applied to treat tricuspid atresia type of complex CHD but later
was expanded to treat other defects(16). The Fontan procedure can be considered for patients
with malformed hearts, who have single pumping chamber due to absence of the second chamber
and/or cardiac valve(13). It is now considered as the final pathway for many anatomical and
functional single ventricle physiologies (e.g. tricuspid atresia, pulmonary atresia with intact

ventricular septum, hypoplastic left heart syndrome, double inlet ventricle etc.).

Prior to Fontan procedure the patient may need another palliative surgery to achieve moderation
in pulmonary blood flow via either restricting the flow or putting aorta-pulmonary shunt to
increase it(13). This component is very important, because pulmonary hypertension is an
absolute contraindication for Fontan surgery (i.e., without a pumping chamber it is impossible to
direct the blood into pulmonary circuit), and the presence of aorta-pulmonary shunts stimulates

the growth of pulmonary vasculature(8).



The modern Fontan procedure connects the superior vena cava (SVC) and inferior vena cava
(IVC) directly to the pulmonary artery (PA). In the current era the creation of total
cavopulmonary Fontan circulation is achieved in two stages(13). It allows the patient’s body to
adapt to new hemodynamics easily and reduces surgical mortality and morbidity(13). The first
stage is called Hemi-Fontan surgery, and is performed when the patient is 4 to 12 months old,
and includes a construction of an end-to-site anastomosis between SVC and PA(13). The second
stage is performed when the patient is 1 to 6 years old and completes the total cavopulmonary
Fontan circuit by connecting the IVC to PA, using a conduit constructed from a foreign material
or the lateral wall of the right atrium(13). Thus, the surgeries achieve a circulation which directs
the blood flow from systemic veins to PA without using the mechanical contractile power of

right ventricle.

Several types of Fontan operation have been used to connect systemic veins to pulmonary artery
via bypassing the right heart, including classic atriopulmonary Fontan procedure, Bjork
Modification, and modern total cavopulmonary connection(17;18). The latter has two types —
extracardiac conduit and intracardiac lateral tunnel. These procedures direct blood more
efficiently to the pulmonary arteries and are used more widely. A recent US study among 500
patients showed that following Fontan operation, actuarial freedom from death or transplantation
at 20 years was 82.6% with no difference between lateral tunnel and extra-cardiac conduit types
of Fontan(17;19). Major long-term complications after Fontan procedure include pulmonary
hypertension, failure of the single ventricle, thromboembolic complications, arrhythmias, sudden
death and complications linked to the lymphatic system, such as protein losing enteropathy or

plastic bronchitis(18;20-22).



1.4 Repair of TOF

Patients with TOF undergo a radical repair which includes patch closure of the VSD and
widening of right ventricular outflow tract and pulmonary valvotomy with or without cutting the
annulus(6). The radical repair of TOF is being performed about 60 years and results are excellent
in terms of survival(14). Patient survival is 90% at 30 years after surgery with most patients
remaining asymptomatic during this period(14). The long-term morbidity of repair of TOF is
mainly related to complications such as right ventricular functional deterioration, pulmonary

insufficiency, ventricular arrhythmias and sudden death (23-25).

1.5. Obstructive sleep apnea

Obstructive sleep apnea (OSA) is a chronic, sleep-related breathing disorder characterized by
symptoms of snoring, excessive daytime sleepiness and fatigue, nocturia, memory problems, and
headaches(26). The prevalence of OSA in general adult population was reported to be 3-7% in
adult men and 2-5% in adult women(27). In pediatric population the estimated prevalence of

OSA according to different investigations varies between 1-5.7% (28;29).

Based on the 2009 American Academy of Sleep Medicine (AASM) guideline, OSA is diagnosed
based on a comprehensive clinical evaluation by a qualified sleep specialist. The evaluation
includes a detailed medical history, physical examination, and a sleep test(26). The sleep test can
be done either in a sleep laboratory setting using polysomnography (PSG) or at home using
portable sleep testing monitors (PM). Currently, PSG is the ‘gold standard’ test for OSA, and is

used to record and calculate the frequency of obstructive events known as apnea-hypopnea index



(AHI). AHI is the average total number of apnea and hypopnea events per hour of recorded
sleep. The AASM defines OSA as ‘‘occurrence of daytime sleepiness, loud snoring, witnessed
breathing interruptions or awakenings due to gasping or choking in the presence of at least five
obstructive respiratory events (apneas, hypopneas or respiratory effort related arousals) per hour
of sleep’” or 15 or more respiratory related events per hour of sleep in the absence of sleep

related symptoms(26).

In the literature OSA severity has been defined as mild, moderate and severe by using AHI cut-
offs of >5, 15, 30 events/hour respectively(30;31). These cut-offs however cannot be used to
assess severity of OSA in children because of scarcity of data and population heterogeneity.
Various levels of AHI cutoffs were used in past pediatric studies to diagnose OSA including AHI

>1, >3, >5, or >10 events/hour(28).

The presence of OSA carries a significant morbidity and mortality burden. OSA is associated
with an increased risk of developing heart failure, coronary heart disease, atrial fibrillation,
pulmonary hypertension, stroke and motor vehicle accidents (32-36). There is an established
mortality risk with untreated sleep disordered breathing, and the risk increases with the severity

of OSA(37).

1.6 Screening for OSA
Several questionnaires have been developed in the past to screen and identify adults at high risk
of OSA. A systematic review by Chung et al in 2009 compared the vast majority of available

validated instruments for screening of OSA, and suggested the use of STOP or STOP-Bang



questionnaires for prediction of OSA risk in surgical patients because of their high
methodological quality and easiness of use(38). Another review article by El-Sayed et al in 2012
compared the four most established questionnaires to assess their diagnostic accuracy including
Berlin, STOP, STOP-Bang and Epworth Sleepiness Scale (ESS) tools(39). The STOP-Bang,
STOP and Berlin questionnaires had the highest sensitivity to predict OSA (98%, 92% and 95%
respectively), whereas the specificities were low (26%, 25% and 25%, respectively) for all,

meaning a high probability of false positive results(39).

A number of questionnaires have been used to screen for sleep disordered breathing (SDB) in
children. The review article by Lumeng et all (2008) identified the questionnaires used for
pediatric population two of which have been validated against PSG(28). The first was the
questionnaire by Bruilette et al which calculates a score to diagnose OSA,; it had a reported high
sensitivity and specificity but could not accurately differentiate between primary snoring and
OSA,; and its sensitivity and specificity in detection of OSA were significantly lower in
subsequent studies(40;41). The Pediatric Sleep Questionnaire (PSQ) has been developed by
Chervin et al and has two subscales: one for estimation of restless leg syndrome and the SRBD
(sleep related breathing disorders) subscale for prediction of OSA risk(42). The SRBD uses 22
questions to calculate a summary score ranging from 0 to 1.0 with a cut-off point of 0.33 to
define OSA. It has been reported that a positive response to at least one-third of 22 questions
(which represents the cutoff = 0.33) was associated with 85% sensitivity and 87% specificity in
detection of sleep related breathing disorders(42). Hence, while the sensitivity of this test is
lower compared to that of the tests for adults reported above, it has higher specificity, i.e. more

non-OSA patients are identified correctly as non-OSA. If the cutoff number 0.33 is lowered in



practice, it will increase the sensitivity of the test and vice versa — the number can be increased to

ensure high specificity.

1.7. OSA and CHD

There is an established link between sleep disorders and occurrence of heart failure or
pulmonary hypertension in patients (43;44). However, literature is scarce on OSA risk in patients
with CHD. Perhaps, most cases of OSA go underdiagnosed in such patients because most of
cardiac symptoms (heart failure, pulmonary hypertension, arrhythmias, etc) are being naturally
linked to the underlying heart condition. On the other hand, the pressure in superior vena cava
(SVC) is higher than normal in patients with Fontan repair, which can theoretically contribute to

development of OSA in these patients(45).

To our knowledge, no study estimated the prevalence of OSA in patients with Fontan circulation.
A 2009 case series report by Watson et al describes the management of four adult patients with
Fontan palliation and obstructive sleep apnea(46;47). Theoretically, these patients might be
predisposed to sleep apnea, due to venous stasis, which is usually present in their superior vena
cava system. Sleep apnea could itself contribute to development of heart failure and
dysrhythmias and worsen the quality of life of these patients. Another 2006 case report by
Watson et al presented a woman with Fontan history and severe OSA, raising the question of
appropriateness of CPAP therapy in these patients(48). Lastly, Sawada et al in 2008 described
reversal of pulmonary hypertension in a Fontan candidate who underwent tonsillectomy and thus

treatment of OSA(49).



Overall, there are only few studies that look at the prevalence of OSA in CHD patients. A study
by Ykeda et al (2009) examined sleep patterns in 14 patients with CHD and discovered that 11
out of 14 infants with CHD had AHI > 1 compared to only one control group patient(50). The
authors concluded that there is a need to further investigate the prevalence of OSA in population
of patients with CHD. A study by Herold et al (2006) surveyed families of 37 pediatric patients
with TOF using the Pediatric Sleep Questionnaire(51). They reported that the prevalence of
obstructive sleep disordered breathing (SDB) was 38%, which was much higher than the

described 1-5.7% prevalence in the general pediatric population (28;29).

1.8 Situation in Armenia

The Nork-Marash Medical Center (NMMC) is a tertiary cardiac hospital in Yerevan Armenia
established in 1993. This is the only center in Armenia currently treating CHD patients. Over the
period of 23 years since its establishment there were 60 patients in the center who underwent
Fontan palliation. One of three types of Fontan operation were done in all of them — intracardiac
lateral tunnel, extracardiac conduit Fontan and Kawashima operations, all of which represent the
latest, most efficient modifications of Fontan surgery. Over the same period of time, 459 patients

were diagnosed with Tetralogy of Fallot from which 420 underwent radical repair of the defect.

Evaluation of sleep disorders is an important area for both pediatric and adult patients with
corrected CHD (52;53). No prior research has been done in Armenia on this topic. Research
from other countries is also limited. Increasingly, investigation of sleep disorders is gaining more

importance for patients with cardiac diseases(54). Therefore, the estimation of the risk of OSA in



different subgroups of patients with CHD is important as the early recognition and treatment of

this condition may improve outcomes in these patients.

1.9 Study aim and objectives
The project aimed to estimate the risk of OSA in two subgroups of patients with repaired CHD -
patients with Fontan palliation and patients with TOF repair, and compare this risk with age and

gender matched controls with structurally normal hearts.

The study primary objective was to compare the risk of OSA between patients with CHD who

underwent Fontan repair and the control group with structurally normal hearts, after matching for

age and gender.

The study secondary objectives were:

1. Estimate the risk of OSA in patients who underwent Fontan palliation;

2. Estimate the risk of OSA in patients with TOF who underwent radical repair;

3. Compare the risk of OSA between patients with Fontan palliation and TOF repair;

4. Compare the risk of OSA between CHD patients (Fontan palliation and TOF repair) and

patients with structurally normal hearts.

2. Methods
2.1 Study design
The study utilized a cross-sectional design with three comparison groups: i) patients with Fontan

palliation, ii) TOF repair, and iii) those with structurally normal hearts. Justification for this

10



design was that the focus of the study was on the prevalence of risk of OSA, and not incidence or
any long-term outcomes of surgeries or OSA. This study design was also appealing because of

its relatively low resource requirements in terms of time and personnel.

2.2 Study setting and population

The study was conducted among patients in Nork-Marash Medical Center, Yerevan, Armenia.
The study target population included patients with CHD in Armenia who underwent Fontan
operation or radical repair of TOF. The study population consisted of the following three groups:

1. All patients who underwent Fontan operation and are currently under follow-up at Nork-
Marash Medical Center of Armenia;

2. Age- and gender-matched controls (with Fontan patients) from the population of patients
who underwent radical repair of TOF and are currently under follow-up at Nork-Marash
Medical Center of Armenia;

3. Age- and gender-matched controls (with Fontan patients) with structurally normal heart

patients referred to NMMC for screening of heart disease.

Study participants were both children/adolescents and young adults in the three groups identified
above who met the following eligibility criteria:

e For Fontan repair group, we included patients with functionally univentricular heart
circulation and history of Fontan repair any time between 1993 and 2016. Patients who
dropped from the follow-up and patients who do not speak Armenian or English were
excluded. We established the list of excluded patients via phone calls from the database

list.

11



For TOF group, we selected age- and gender-matched controls with diagnosis of TOF and
a history of radical repair performed between 1993 and 2016. If there was more than one
patient with repaired TOF who matched by age and gender with Fontan patients, we
selected the patient with the nearest age at final surgery to the matching Fontan patient.
For age, we considered the age of the Fontan patient at the time of study data collection.
We excluded patients who were at the extreme spectrum of TOF diagnosis such as those
with TOF-pulmonary atresia, TOF-atriovetricular canal defects, and TOF-absent pulmonic
valve defects.

We selected controls with structurally normal hearts matched by age and gender with
Fontan patients who were referred to NMMC for evaluation of heart disease. The selection
of controls was done consecutively, starting from January 2015 using NMMC’s pediatric
and adult clinical databases. Exclusion criteria for this group of patients was the presence
of any major comorbid condition that increases the risk of OSA such as a history of
chronic respiratory disease (e.g., asthma, chronic obstructive pulmonary disease, lung
cancer, cystic fibrosis, occupational lung diseases), neuromuscular disease (e.g., multiple
sclerosis, muscular dystrophy), congenital genetic syndromes(e.g. Down’s; Turner’s; Di-
George’s, William’s; Velocardiofacial syndrome, Noonan’s; etc.), congenital anomalies of
upper airways, transient ischemic attack or stroke or an existing diagnosis of other sleep

disorders.
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2.3 Data collection strategies

2.3.1 Data collection instruments

Data collection consisted of two parts: a telephone survey of patients to screen for the risk of
OSA and a clinical chart abstraction to extract clinically relevant information. During the
telephone survey study participants who were less than 18 years old at the time of the call were
screened for OSA using the Pediatric Sleep Questionnaire (Appendices 1A and 1B)(42) Error!
Bookmark not defined.. We used a special subscale of the PSQ otherwise known as a Sleep
Disordered Breathing Subscale (SRBD) which was introduced to one of the parents who acted as
proxies for their children. PSQ has two subscales — SRDB is for screening for OSA and the other
subscale is for diagnosing restless leg syndrome. PSQ uses 22 questions and a cut-off point of
0.33 to define OSA, which means if the patient provides positive answers to at least eight

questions on PSQ, he/she is at high risk of having OSA.

For adult patients or those who were >18 years old at the time of the phone call, we used the
STOP-Bang questionnaire to assess the risk of OSA (Appendices 2A and 2B). The STOP-Bang
questionnaire uses 8 questions and defines low, medium, and high risk of OSA accordingly if the
patient answers positively to 0-2, 3-4 and 5-8 questions(55). For our study, to define a patient at
risk of OSA by combining the intermediate and high risk patients into the same group, meaning
that the patient screened positive if he/she answered positively to more than two questions. In
addition, we used the Berlin sleep questionnaire among study adult patients (Appendices 3A and
3B). It includes 10 questions related to three categories describing the risk of OSA(56). The
patient was classified as having high risk of OSA, if he/she scored positively in at least 2

categories.
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In addition to sleep questionnaires, we gathered information on social-demographic
characteristics including current age, gender, weight and height of the patient, as well as
questions concerning the clinical history and functional status of the patient including the history
of any major comorbid conditions that were listed in the study exclusion criteria. The functional
class of heart failure was assessed by using the New York Heart Association (NYHA)
classification. We also asked participants to evaluate their academic performance compared to

their peers using a 5-point grading scale from ‘much worse’ to ‘much better’(57).

The study instruments were translated and pretested prior to their use among five pediatric and
five adult patients who were not part of the study sample. The pretest was done using concurrent
verbal probing cognitive interview method. As the STOP-Bang questionnaire contains a question
on neck circumference, during the pretest the interviewer measured the neck circumference of
the patient and afterwards asked the patient to measure it again to compare the results. Since the
results were satisfactory, during the actual phone surveys, the interviewer described the exact
technique of the measurement to the interviewee and then asked the patient/proxy/another family

member to measure it twice to obtain an accurate estimate.

We developed a medical chart abstraction tool that collected information on social-demographic,
anatomical, surgical, clinical, echocardiographic, and electrocardiographic characteristics of the
patients (Appendix 3). The chart abstraction tool was pretested using charts of two adult and two

pediatric patients who were not part of the study.
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2.3.2 Data collection procedures

The list of phone numbers of study participants was obtained from the NMMC pediatric and
adult clinical databases. All patients with diagnosis of CHD are currently in follow up care at
NMMC pediatric clinic. Here we also obtained the list of control patients whose age was under

18 at the time of their visit to the clinic.

First, we identified Fontan patients from the pediatric clinical database and performed phone
interviews after taking the informed consent either from the parent or the patient themselves.
After surveying Fontan patients, we had the exact list of the respondents. Then the list of
repaired TOF patients was obtained from the pediatric database and age- and gender-matched
controls were selected and surveyed. The list of pediatric control patients was obtained from
pediatric database and the list of remaining adult controls, whose age is more than 18 years, was

obtained from NMMC’s adult clinical database.

As part of the consent process for the phone surveys, we asked the participants if they would
agree that we conduct abstraction of data from their medical charts. For those who agreed, we

proceeded to paper chart abstraction after completion of the survey.

2.4 Sample size considerations

There have been 58 patients with functionally univentricular hearts who underwent Fontan repair
in NMMC from 1993 to 2016. To our knowledge two of them passed away during the
postoperative follow-up period. The remaining 56 patients comprised the exposed group. We

contacted these patients to assess for eligibility and consent for the study. The comparison group
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of TOF operated patients consisted of the same number of age- and gender-matched controls
randomly selected using random digit generator from 420 patients with repaired TOF currently at
follow-up in NMMC. The third comparison group consisted of 80 age- and gender- matched
controls with structurally normal hearts, with twice larger sample size than the Fontan repair
group in order to increase the statistical power of the study. We know that the OSA prevalence in
pediatric population is estimated to be 1-5.7%(28). The study by Herold et al looked at the
prevalence of OSA in patients with repaired TOF and estimated the risk of OSA as high as
38%(51). We created a power estimation curve (see Figure 1) to show the relationship between
sample size and power of the study for various values of difference in proportion. Note that
according to literature the expected difference in proportions between OSA in Fontan patients as
compared with controls is 0.34. Based on this curve, we predicted that with a sample of nearly 40
Fontan patients, 40 TOF patients and 80 controls we should be able to detect a difference in OSA

risk of 0.26 with 90% power at a significance level of 0.05.

2.5 Study variables

The study dependent (outcome) variable was the prevalence of risk of OSA in three main
comparison groups. The study’s main independent variable was the history of Fontan or TOF
surgery or having a structurally normal heart. We considered the age (<18 years old versus >18
years old), BMI and functional class of heart failure assessed by NYHA classification as

potential intervening variables.
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2.6 Ethical considerations

The study protocol was approved by the Institutional Review Board of the American University
of Armenia. Separate oral consent forms were developed for patients 18 years or older and for
parents of patients who were less than 18 years old at the time of surveys (Appendices 4A and
4B). The data were fully de-identified before proceeding to the analysis phase by removal of

patient names from the database.

2.7 Statistical analysis

Data entry, recoding and cleaning were performed using SPSS 17.0 software. Analysis was done
using the STATA 13.0 software. In order to summarize different characteristics of patients,
descriptive statistics were used such as averages and standard deviations for continuous variables
and counts, percentages for categorical variables. Significance level of 0.05 was used to identify
statistically significant differences. We first performed tests for confounding to identify the
possible confounders to control for in our subsequent regression analyses. Conditional
multivariable logistic regression analyses were performed to find possible associations between

study independent and dependent variables while controlling for possible confounding.

3. Results

3.1 Administrative results

Out of 56 patients who underwent Fontan correction at NMMC, we were able to interview 40:
two patients passed away during the follow-up period, six patients did not meet study eligibility
criteria (one of them had severe neuromuscular disorder and the other five were patients from

foreign countries not speaking Armenian or English), and the other eight patients changed
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contact numbers and/or left Armenia. We were able to contact the remaining 40 patients who all

agreed to participate and completed the interview.

Overall, there were 420 patients with TOF who underwent radical correction of the defect in
NMMC. Of these, 234 had a follow-up visit in the center after January 2014. From the list of 234
patients we extracted 40 age- and gender-matching controls for Fontan patients. In cases where
we had more than one control patient, we selected one who had the nearest date of radical
surgery with the Fontan patient. We were able to do interval matching for age with plus or minus
one year. The gender matching was exact. All contacted TOF patients agreed to participate and

completed the interview.

The lists of control subjects with structurally normal hearts were obtained from NMMC pediatric
and adult clinical databases. We went back from April 2017 and consecutively selected matching
patients. Selected pediatric patients visited the clinic between January-April 2017 and adult

patients visited between January 2016 — April 2017.

3.2 Descriptive statistics

Patient characteristics by main diagnosis groups (i.e., Fontan repair, TOF or structurally normal
heart) are presented in Table 1. The groups were not different in BMI distribution as well as in
heart rate and systolic and diastolic blood pressure at last clinic visit. Significant differences
were observed in self-reported academic performance (p=0.001). NYHA functional class of heart
failure was different between the groups with patients in structurally normal heart group

reporting better functional status (p<0.001). Number of participants reporting tonsillitis or
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adenoiditis was lower in Fontan group compared to TOF and normal heart groups (20.0% vs
42.5% and 42.5%, respectively, p<0.001). The reported prevalence of snoring in pediatric
subgroups of patients did not differ (45.5% vs 21.7% and 40.9%, p=0.225). Also there was no
difference between the reported prevalence of apnea in these subgroups (9.1% vs 4.4% and
6.8%, p=449). The findings were similar in adult subpopulation of patients with no significant

differences in reported prevalence of snoring and apnea.

3.3 Risk of OSA

Comparison of the risk of OSA between three groups was performed according to study primary
and secondary objectives. Table 2 compares OSA risk between Fontan group and normal heart
group. The mean scores obtained from PSQ, STOP-BANG and Berlin questionnaires were not
different between the groups (P>0.05). The prevalence of the high risk of OSA when combining
the results from PSQ and STOP-Bang questionnaires was 27.5% in the Fontan group and 22.5%

in normal heart group (p=0.546).

Table 3 shows the estimation of OSA risk between patients with Fontan palliation and TOF
repair. The combined proportion of high risk participants was not different significantly between
Fontan and TOF groups 27.5% vs 22.5% (p=0.606). Table 4 compares the risk of OSA between
participants with CHD (Fontan plus TOF) and normal hearts. The prevalence of high risk of

OSA was 25.0% in the CHD group and 22.5% in normal heart group (p=0.710).
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3.4 Testing for confounding

Table 5a shows the comparison of age, BMI and NYHA functional class of heart failure as
possible confounders in participants with Fontan palliation and structurally normal hearts. Age
was tested both as a continuous and dichotomous variable and NYHA class was dichotomized
into O/1 and 1I/111 classes. Patient’s age and BMI did not differ between groups with Fontan
repair and normal hearts. Participants in Fontan group were more likely to be in higher NYHA
functional class of heart failure compared to normal heart group (p<0.001). Table 5b shows the
comparison of age, BMI and NYHA functional class of heart failure in participants with high and
low probability of OSA. Both continuous and categorical variables were associated with the
probability of OSA. The lower age was associated with higher probability of having OSA. BMI
was not significantly different between groups, while the NYHA functional class was
significantly different between disease groups — the participants who were in higher functional

class of heart failure were more likely to be classified as high risk of OSA (p<0.001).

3.5 Conditional multivariable logistic regression analysis

A conditional multivariable logistic regression analysis was used to test for association between
the probability of OSA and the following variables: diagnosis of Fontan vs Normal heart, age
categorical (>18y vs <18y) and NYHA functional class of heart failure (II/III vs 0/I). The results
are shown in Table 6. Categorical age was removed from the conditional logistic regression
analysis due to issues of model convergence. The odds of having OSA was 0.7 (95% CI1 0.2 —
2.4) in Fontan group versus Normal heart group, p=0.591. In participants who were in 11/111
functional class of heart failure the odds of having OSA were 5.7 times higher (95% CI 1.3 —

24.8) compared to those who were in 0/I functional class p=0.020. Next, conditional

20



multivariable logistic regression model was run to test for association between participants from
Fontan and TOF groups according to our secondary objective. Statistically significant
associations were not identified between the probability of OSA and having diagnosis Fontan vs
TOF repair (p=0.155) and having higher functional class of heart failure vs low (p=0.841).
Adjusted logistic regression analysis tested for the risk of OSA and diagnosis of CHD (Fontan
plus TOF) vs normal heart according to another study secondary objective. The analysis did not
reveal significant link between the diagnosis of CHD versus normal heart and probability of
OSA (p=0.192). The odds of having OSA were higher for participants in 11/I11 functional class

of heart failure compared to those in 0/1 class (OR — 5.3, 95% CI 2.3 — 28.9, p=0.001).

4. Discussion

We evaluated the prevalence of OSA risk in different subpopulations of patients with repaired
CHD - patients with Fontan palliation and patients with radical repair of TOF, and compared it
to risk prevalence of OSA in general population. The assessment of OSA risk was done by using
validated questionnaires for adults and children. We found that the OSA risk was high in all

studies groups, and was not significantly different between the groups.

The literature is very scarce on the risk of OSA in patients with repaired CHD. In the study by
Herold et al which was a cross-sectional survey of 37 pediatric patients with repaired TOF, the
mean age of participants with low risk of OSA was 10.5 years and mean age of participants with
high risk of OSA was 9.4 years (there was no statistically significant difference detected), the
age range was from 2 to 18 years(51). In our sample, the overall mean age was 17 years and the

range was higher (3-31years). The mean age of the pediatric (<18 years old) population in our
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study was 13.1 years. The academic performance of TOF patients in our study was lower than in
Fontan group and patients with normal hearts. The literature indicates that patients with repaired
cyanotic CHD have lower academic performance scores, so the finding with TOF group is not

surprising(58). The high academic performance of Fontan patients can be probably explained by

subjectivity of scale (they should evaluate themselves compared to peers).

The prevalence of OSA risk in adult population of our sample (using STOP-Bang and Berlin
questionnaires) was within the range of 2-7% that was reported in other studies in general
population(27). The prevalence of OSA risk, however, was surprisingly high all in pediatric
subpopulations, and not different between these three groups. The highest proportion was
identified in children with TOF repair (39.1% identified high risk of OSA based on PSQ)
followed by those with structurally normal heart (34.1%) and Fontan procedure (31.8%). All
these proportions are significantly higher from the reported 1-5.7% prevalence of OSA in the
pediatric population (28;29). While it is expected that the true prevalence can be different from
the screened prevalence, nevertheless this number is much higher than what we expected to find.
Based on a study by Chervin et al, the PSQ has high sensitivity and specificity, 85% and 87%,

respectively(42).

In a meta-analysis presented by Chervin and Lumeng the highest prevalence of OSA detected
from diagnostic testing was 13% from an Italian study, which interviewed the parents of
preschool-aged children and conducted home sleep studies using a Type IV (Mesam IV system)

portable sleep diagnostic monitor, which is different from the gold standard PSG(28;59). Most of
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the studies agreed on OSA prevalence of 0.2% to 4% using some type of diagnostic testing,

which was performed after risk screening with different questionnaires(28).

The prevalence of habitual snoring in pediatric population was also higher in our sample (21.7%
to 45.5%), than the reported prevalence in the literature that varied from 3.2% to 14.8%(28). This
finding is however very much dependent on the definition of frequency of snoring, e. g. those
studies using the term “always” for the snoring frequency reported the lowest prevalence
compared to those not using it. In our study we did not question for snoring “always” while
screening the pediatric population. We also revealed a high prevalence of reported apnea in
children during sleep in all three subgroups (4.4% - 9.1%). Apnea was reported in 0.2% - 4.0%

of children in other studies, and in 18.5% in the Italian study (28;59).

The detected risk prevalence of OSA in Fontan group was very significant — 27.5% which was
even higher in the pediatric subgroup of patients with Fontan palliation (31%). There are no
studies in literature addressing the risk of OSA in this specific subgroup of patients, so we cannot
compare our results with other studies. However, it is still very high compared to the highest
reported prevalence of OSA in general normal population (7%)(27). Further evaluation using the

gold standard PSG is warranted to estimate the true prevalence of OSA in this population.

The risk of OSA was also high in the group of patients with repaired TOF. The combined risk
prevalence was 22% in this group, but this was mostly driven by the high risk prevalence in the
pediatric subgroup (39%). This finding is similar to what Herold and colleagues reported in

2006(51). The screened prevalence of OSA in Herold’s study was 38%, while the age range was
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similar to those in pediatric TOF subgroup of our study. The true prevalence of OSA still needs

to be established in this population, using the current reference standard PSG.

The risk of OSA in structurally normal heart group in our study was also very high compared to
literature. We detected 22.5 % combined risk prevalence in this group. The risk of OSA in
pediatric subgroup was again higher than in adults (34.1% vs 8.3%). While the risk prevalence in
adults approximated the reported highest prevalence in adult men (7%), the screened prevalence
in children was much higher than reported 1-5.3% in the general pediatric population (27-29).
Even after we apply the reported 87% sensitivity of the PSQ, the prevalence still remains quite

high compared to available literature(42).

Our findings suggest that there is no difference in the prevalence of risk of OSA between patients
with repaired univentricular heart, TOF and structurally normal heart. Nevertheless, we think
that the differences could not be found due to surprisingly high risk prevalence of OSA in
patients with structurally normal hearts compared with the prevalence reported in the literature.
The reason for this high proportion of patients identified as high risk by the questionnaires could
be the unusually high proportion of patients with tonsillitis in the subgroup of patients with
structurally normal hearts (42.5% vs 20% in Fontan group). One of the possible explanations for
this could be that until recently, the risk of rheumatic fever was high in the Armenian population,
and pediatricians are prone to refer patients with tonsillitis for screening for heart disease.
Tonsillitis itself is a cause of obstructive sleep apnea that is resolved after their removal. Thus we

believe that patients with structurally normal heart referred to NMMC are different from the
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general population with structurally normal heart, and therefore do not represent the true OSA

risk for the latter group.

The only variable which was predictive of OSA risk was the functional class of heart failure
measured by NYHA. This is similar to what was found by Herold et al that reported that
increased exercise intolerance was positively correlated with higher screened probability of OSA
in TOF patients(51). This finding is also very consistent with the available literature that
established strong correlation between risk and severity of OSA and severity of heart failure

measured by functional class(43;44;54;60).

A major limitation could be the selection bias introduced by high proportion of patients with
adenotonsillitis in participants with structurally normal heart. Adenotonsillitis itself is associated
with severity of OSA, so the presence of it could artificially increase the proportion of patients
screened as high risk of OSA and change the results. The high proportion of adenotonsillitis in
study pediatric population could also be a consequence of misclassification bias by parents. The
season of interviewing was early spring and the parents could mistakenly classify some viral or
bacterial illnesses (e.g. common flu) as adenotonsillitis. The study participants could also be
subject to recall bias, as the questionnaire asked items about different habits of participants.
Especially the pediatric questionnaires could introduce recall bias, because the parents of
children were asked about their different habits during last two months. But, given the relatively
short period of time and behavioral characteristics of Armenian parents (very focused on their
children) the possibility of this bias is low. The major strength of our study was the sewing of

validated questionnaires to establish the risk of OSA.
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The detected high risk of OSA probability in patients with repaired CHD is very important for
making suggestions of future implementations in practice. If the real OSA prevalence is so high,
this could seriously compromise the outcomes of this special population. Pulmonary
hypertension and heart failure caused by the presence of OSA could easily deteriorate the
hemodynamic and functional status of these vulnerable patients, contributing to significant

mortality and morbidity (34;43;44;54).

There was no difference in risk prevalence of OSA between patients with Fontan palliation, TOF
repair and structurally normal heart. However, the risk of OSA was high in all these groups
compared to reported prevalence in general normal population in other countries. Therefore,
future research is needed utilizing the reference standard for diagnostic testing of OSA using
full-night, sleep laboratory polysomnography, to establish the real prevalence of OSA in both
populations of patients with repaired congenital heart disease and structurally normal heart in
Armenia. If the diagnostic accuracy of the instruments will be approved, we will also
recommend their application for screening of risk of OSA in patients with repaired or palliated

congenital heart disease.
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6. Tables and Figures

Tablel. Descriptive characteristics of study participants

33

Patient Fontan group TOF group Normal heart P value
characteristics* n =40 n =40 group n =80
Demographic characteristics
Age (years), mean (SD) 16.9 (6.1) 16.7 (5.9) 17.2 (6.2) 0.910
Age<18 years, n (%) 22 (55.0) 23 (57.0) 44 (55.0) 0.990
Sex, n (%)
Male 26(65) 26(65) 51(64) 0.987
Female 14(35) 14(35) 29(36)
Weight (kg), mean(SD) 53.4 (18.5) 49.2(18.4) 54.7(17.8) 0.296
Height (cm), mean(SD) 158.4(19.3) 155.8(17.9) 158.3(18.0) 0.770
BMI (kg/m?), mean (SD) 20.5 (4.0) 20.9 (4.7) 21.2 (3.8) 0.714
Rating of academic performance
compared to peers, n (%)
Much worse 0(0.0) 0(0.0) 1(1.3) 0.001
Worse 5(12.5) 8(20.0) 2 (2.5)
Normal 21(52.5) 21(52.5) 41(52.5)
Better 5(12.5) 10(25.0) 31(38.8)
Much better 9(22.5) 1(2.5) 5(6.25)
Clinical characteristics at last visit to clinic
Heart Rate (beat/min), mean (SD)  83.0 (13.3) 79.5(13.2) 81.4(14.8) 0.545
Oxygen saturation (%), mean (SD) 90.1 (4.8) 95.9 (2.1) 96.4 (1.9) <0.001



Patient Fontan group TOF group Normal heart P value
characteristics* n =40 n =40 group n =80
Systolic BP (mmHg), mean (SD) 118.6 (15.8) 117.9 (13.2) 115.8 (15.8) 0.476
Diastolic BP (mmHg), mean (SD)  61.7 (8.8) 60.9 (7.6) 64.6 (10.0) 0.077
Duration of follow-up from first 16.5 (5.3) 15.5 (4.7) na <0.001
clinic visit (years), mean (SD)
Follow-up after final surgery (y), 8.4 (5.5) 14.6 (4.8) na <0.001
mean (SD)
NYHA functional class, n (%)
o/l 6(15.0) 10 (25.0) 53 (66.2) <0.001
I 29 (72.5) 27 (67.5) 26 (32.5)
1 5 (12.5) 3(7.5) 1(1.2)
Concomitant heart defects, n (%) 19(48.7) 1(2.5) none <0.001
Other diseases / conditions, n (%) 8 (20.0) 3(7.5) 4 (5.0) 0.026
Palliative surgery (ies), n (%) 38 (97.4) 15.0 (41.7) none <0.001
Tonsillitis or adenoiditis, n (%) 8 (20.0) 17 (42.5) 34 (42.5) <0.001
Reported prevalence of snoring in 10 (45.5) 5(21.7) 18 (40.9) 0.225
children, n%
Reported prevalence of apnea in 2(9.1) 1(4.4) 3(6.8) 0.449
children, n %
Reported prevalence of snoringin 6 (33.3) 6 (35.3) 5(13.9) 0.106
adults, n (%)
Reported prevalence of apnea in 1(5.6) 1(6.25) 1(5.8) 0.810
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Patient Fontan group TOF group Normal heart P value

characteristics* n =40 n =40 group n =80

adults, n (%)

History of airway surgery, n (%) 3(7.5) 1(2.5) 14 (17.5) 0.034

Prescribed medications, n (%)
Aspirin 34 (85.0) 1(2.6) 0(0.0) <0.001
Anticoagulant 5 (12.5) 0 (0.0) 0 (0.0 0.019
B-blocker 10 (25.0) 3(7.5) 0(0.0) 0.030
ACEI/ARB 21 (52.5) 0 (0.0) 0(0.0) <0.001
Diuretic 7 (17.5) 0 (0.0) 0(0.0) 0.005
Antiarrhythmic 5(12.5) 0 (0.0) 0 (0.0 0.019
Sildenafil 1(2.6) 0(0.0) 0(0.0) 0.314

* P-values from ANOVA, T-test, Chi-square test or Fisher's Exact test.

ACEI = Angiotensin converting enzyme inhibitor; ARB = Angiotensin receptor blocker; BMI =

body mass index; BP = blood pressure; na = not applicable; NYHA = New York Heart

Association; SD=standard deviation; TOF = Tetralogy of Fallot
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Table 2. Risk of OSA in participants with Fontan palliation and structurally normal heart

Fontan group Normal heart P-
group value*

Pediatric Sleep Questionnaire (PSQ)

n=22 n=44
Mean (SD) score 5.2(3.5) 5.8(4.1) 0.548
High risk (score > 33%), n (%) 7 (31.8) 15 (34.1) 0.854
Low risk, n (%) 15 (68.2) 29 (65.9)
STOP-Bang Questionnaire

n=18 n=236
Mean (SD) score 1.2(1.4) 0.7 (0.9) 0.077
Intermediate/high risk (>3 (+) answers, n(%) 4(22.2) 3(8.3) 0.205
Low risk, n(%) 14(77.8) 33(91.7)
Berlin Questionnaire

n=18 n=36
Mean (SD) score 0.9(0.9) 0.8(1.1) 0.857
High risk (>2 (+) categories), n(%) 1(5.6) 2(5.6) 1.000
Low risk, n(%) 17(94.4) 34(94.4)

Risk of OSA (using PSQ and STOP-Bang)
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n=40 n =80
High risk, n(%) 11 (27.5) 18 (22.5) 0.546
Low risk, n(%) 29 (72.5) 62 (77.5)

* P-values from T-test, Chi-square test or Fisher's Exact test.

OSA = obstructive sleep apnea; PSQ = Pediatric sleep questionnaire; SD = standard deviation
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Table 3. Risk of OSA in participants with Fontan palliation and TOF repair

Fontan group | TOF group P-value*

Pediatric Sleep Questionnaire (PSQ)

n=22 n=23
Mean (SD) score 5.2 (3.5) 5.8 (4.0) 0.586
High risk (score > 33%), n (%) 7 (31.8) 9(39.1) 0.608
Low risk, n(%) 15 (68.2) 14 (60.9)
STOP-Bang Questionnaire

n=18 n=17
Mean (SD) score 1.2 (1.4) 0.6 (0.8) 0.146
Intermediate/high risk (>3 (+) 4 (22.2) 0(0) 0.104
answers, n(%)
Low risk, n(%) 14(77.8) 17(100.0)
Berlin Questionnaire

n=18 n=17
Mean (SD) score 0.9 (0.9) 0.6(0.6) 0.423
High risk (>2 (+) categories), n (%) 1(5.6) 0(0) 1.000
Low risk, n (%) 17(94.4) 17(100.0)

Risk of OSA (using PSQ and STOP-Bang)
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n=40 n=40

High risk, n (%) 11 (27.5) 9 (22.5) 0.606

Low risk, n (%) 29 (72.5) 31 (77.5)

* P-values from T-test, Chi-square test or Fisher's Exact test.

OSA = obstructive sleep apnea; PSQ = Pediatric sleep questionnaire; SD = standard deviation;

TOF = tetralogy of Fallot
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Table 4.Risk of OSA in participants with CHD repair and structurally normal heart

CHD group Normal heart group P-value*

Pediatric Sleep Questionnaire (PSQ)

n=45 n=44
Mean (SD) score 5.5(3.7) 5.8(4.1) 0.721
High risk (score > 33%), n (%) 16 (35.6) 15 (34.1) 0.885
Low risk, n (%) 29(64.4) 29 (65.9)
STOP-Bang Questionnaire

n=35 n=236
Mean (SD) score 0.9(1.2) 0.7(0.9) 0.258
Intermediate/high risk (=3 (+) 4 (11.4) 3(8.3) 0.710
answers, n (%)
Low risk, n (%) 31(88.6) 33(91.7)
Berlin Questionnaire

n=35 n=36
Mean (SD) score 0.8(0.9) 0.8(1.1) 0.798
High risk (>2 (+) categories), n(%) 1(2.9) 2 (5.6) 0.319
Low risk, n (%) 34 (97.1) 34 (94.4)
Risk of OSA (using PSQ and STOP-Bang)

n=280 n=280
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High risk, n (%)

20 (25.0)

18 (22.5)

Low risk, n (%)

60 (75.0)

62 (77.5)

0.710

* P-values from T-test, Chi-square test or Fisher's Exact test.

*CHD = congenital heart disease; PSQ = Pediatric sleep questionnaire, SD = standard

deviation
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Table 5a. Comparison of age, BMI and NYHA functional class in participants with Fontan

palliation and structurally normal heart

Variable* Fontan group n=40 Normal heart group n=80 | P value

Age, mean (SD) 16.9 (6.1) 17.1(6.2) 0.818

Age, categorical, n (%)

<18 [ 22 (55.0) 44 (55.0) 1.000
>18 | 18 (45.0) 36 (45.0)
BMI, mean (SD) | 20.5 (4.0) 21.2(3.8) 0.395

NYHA class, n (%)

0/l class | 6 (15) 53 (66.3) <0.001

Il + 111 classes | 34 (85.0) 27 (33.7)

*P-values from T-test, Chi-square test or Fisher's Exact test.
BMI = body mass index; NYHA = New York Heart Association; OSA = obstructive sleep apnea;

SD = standard deviation
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Table 5b. Comparison of age, BMI and NYHA functional class in participants with high

and low risk of OSA

Variable* OSA low risk N=122 | OSA high risk N=38 | P value

Age, mean (SD) 17.6 (6.1) 14.9 (5.7) 0.017

Age, categorical, n (%)

<18 | 58 (47.5) 31 (81.6) <0.001
>18 | 64 (52.5) 7 (18.4)
BMI, mean (SD) 21.1(3.7) 20.4 (5.1) 0.449

NYHA class, n (%)

0/1 class | 63 (51.6) 6 (15.8) <0.001

[1/111 class | 59 (48.4) 32 (84.2)

*P-values from T-test, Chi-square test or Fisher's Exact test.
BMI = body mass index; NYHA = New York Heart Association; OSA = obstructive sleep apnea;

SD = standard deviation
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Table 6. Multivariable logistic regression of the probability of OSA

Variable Odds Ratio (Cl 95%) p-value

Participants with Fontan palliation and structural normal heart

Diagnosis Fontan vs Normal 0.7 (0.2-2.4) 0.591
Heart
NYHA (1I/111 vs 0/1) 5.7 (1.3-24.8) 0.020

Participants with Fontan palliation and TOF

Diagnosis Fontan vs TOF 0.9(0.3-2.9) 0.155

NYHA (11/111 vs 0/1) 4.8 (0.6 42.3) 0.841

Participants with CHD and structural normal heart

Diagnosis CHD vs Normal 2.0(0.7-6.0) 0.192
heart
NYHA (11/111 vs 0/1) 5.3 (2.3-28.9) 0.001
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Figure 1. Sample size estimation for comparison of two proportions

Sample Size Estimation for Comparison of Two Proportions
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7. Appendices
Appendix 1A. Questionnaire for pediatric patients (English version)
Questionnaire for pediatric patients

Child’s ID

Date of Interview / /

A. Screening questions
1. Does the child have any of these conditions?
1. Chronic respiratory disease (e.g., asthma, chronic obstructive pulmonary disease,
lung cancer, cystic fibrosis, occupational lung disease)............Y1 N2
2. Neuromuscular disease (e.g., multiple sclerosis, muscular dystrophy)...Y1 N2

3. Congenital syndrome (e.g. Down’s; Turner’s; Di-George’s, William’s;

Velocardiofacial syndrome, Noonan’s; €tC.)........cccververeueeneeeveenvenneens Y1 N2
4. Congenital anomaly of upper airways...........coovvvriiiiiiiiniieennannnn Y1 N2
5. Existing sleep diSorder..........ooovviiiiiiii i Y1 N

If the answer to any of above mentioned questions is “Yes”, thank the participant and finish the
interview.
B. Social — demographic characteristics
2. Date of Birth (dd/mm/yyyy) [ |
3. Gender (just mark)
1. Male
2. Female
4. What is the current weight of the child (kg)?

5. What is the current height of the child (cm)?
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6. What is the current age of the child (years)?
7. How do you rate your child’s academic performance in comparison with his/her fellow
children?
1. Much worse
2. Worse
3. Same
4. Better
5. Much better
C. Clinical history/cardiac symptoms
8. What was the child’s weight at birth (kg)?
9. Does the child have tonsillitis/adenoiditis?............cccocvvvvvivnrees cennn. Y: N
10. Did the child have tonsillectomy/adenoidectomy in the past?
1. Yes:
2. No
11. Does the child have exercise intolerance?
1. Yes:
2. No
12. Does your child:
1. Perform all physical activity without getting short of breath or tired, or having
palpitations?
2. Get short of breath or tired, or have palpitations when performing more strenuous
activities? For example, walking on steep inclines or walking up several flights of

steps.
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3. Get short of breath or tired, or have palpitations when performing day to day
activities. For example, walking on the flat.
4. Feel breathless at rest, and is mostly housebound or unable to carry out any physical
activity without getting short of breath or tired, or having palpitations?
D. SRBD subscale (SRBD is the subscale of PSQ designed for screening of OSA)
Please answer these questions regarding the behavior of your child during sleep and
wakefulness. The questions apply to how your child acts in general during the past month, not
necessarily during the past few days since these may not have been typical if your child has not
been well.

13.  While sleeping, does your child:

1. Snore more than half the time? ....................c Y1 N2 DKaes
2. AIWAYS SNOTE? ... YI N2 DK&88
3. Snoreloudly? ..o YI N2 DK&88
4. Have “heavy” or loud breathing? ......................ooiiiin. Y1 N2 DK&88
5. Have trouble breathing, or struggle to breathe? ..................... Y1 N2 DK&8

14. Have you ever seen your child stop breathing during the night?

1. Tend to breathe through the mouth during the day?...... Y1 N DKas
2. Have a dry mouth on waking up in the morning? ....... Y1 N DKas

3. Occasionally wet the bed? ..................coooiiiinii. Y1 N DKgs

16. Does your child:
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1. Wake up feeling unrefreshed in the morning? ........................ Y1 N2 DKags

2. Have a problem with sleepiness during the day? ..................... Y1 N2 DKes

17. Has a teacher or other supervisor commented that your child appears sleepy during the

day? .o Y N DKaes

18. Is it hard to wake your child up in the morning? Y1 N> DKas

19. Does your child wake up with headaches in the morning? Y1 N2 DKas

20. Did your child stop growing at a normal rate at any time since birth?

.............................................................................. Y1 N2 DKassg

21. Isyour child overweight? ... Y: N DKas

22. This child often:

1. Does not seem to listen when spoken to directly................ Y1 N DKaes
2. Has difficulty organizing tasks and activities. ................. Y1 N DKaes
3. Is easily distracted by extraneous stimuli........................ Y: N DKaes
4. Fidgets with hands or feet or squirms in seat. .................. Yi N2 DKas
5. Is “on the go” or often acts as if “driven by a motor™.......... Yi N DKas

6. Interrupts or intrudes on others (e.g., butts into conversations or games) Y1 N2 DKgg
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Thank you!

Scoring the SRBD Scale

The 22 items of the SRBD Scale are each answered yes = 1, no = 0, or don’t know = missing.
The number of symptom-items endorsed positively (“yes”) is divided by the number of items
answered positively or negatively; the denominator therefore excludes items with missing
responses and items answered as don’t know. The result is a number, a proportion that ranges
from 0.0 to 1.0. Scores > 0.33 are considered positive and suggestive of high risk for a pediatric
sleep-related breathing disorder. This threshold is based on a validity study that suggested
optimal sensitivity and specificity at the 0.33 cut-off, but this number could be lowered in

practice if increased sensitivity is a priority, or raised if increased specificity is a priority.
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Appendix 1B. Questionnaire for pediatric patients (Armenian version)

Cpbkpuwy h ID

Uduwphy

Uwit j wlj wbt h wip g wp wp

I 1

AUyphuhuqg hwpgtp

.M uh” wpyy np dkp kpbjuwt htwh) wy Jupgqu]phdwhatphg

npbhgk dElp

1.

2.

Lpnuhly ous wnwlwh hhywhnnipjnth (op. wupduw,

ppnluply ppntjuhw,pnph punglbtndnt Ynghughnng,

wypndbuhnliwy pnpuy hb

hhuwbgnupy nul). o oo v o
Y1 N

U wpnudjwiwy ht hhJwinni pynth (op. wwpwsnt b

ufptpng, Ujwbuy hl

nhuwmpndhuw). . ..o

....................... Yi N2
Puwshtu uhugpnd. (opn. " Yun h,@Gpputph,*h-QEnpoh,
Mt hyjuwduh,bntbwbh,9E] njwupnphndwg huy

hwdwhnwttho ,bwy .).... Y1 N2
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4, diphuousninhubphptwdht wundw] hw. .....coooeein.

N2
5. Unumpnodws puh ppwbqupnir d. ... Y1
Cplk Jkpnbpj uy hupgbphg VE§h wuunmwu prulip ppwl wl F,
sbnphwluy nt pynt & huy mhbkp vwubwhghto b nugpupbgpkp

hupguqpnij gp:

B.Unghuy nEUdngqpuwdhy punr pugpkp

2.0uun) wbt wduwphy (o o/wmw/wnumnwm) _ / [/
3.Uknp (Cpuy & toky)

1. Upwl wlt

2. Pgqul wh
4. 0ppw Wk bpkhw h bkpyw hupwop (4g):
5.0ppw Wk pkluwg h tkpyw hu hwuwyp (wd):
6.0ppw Wk bpkjuwg h bhpyw hu wwphpp (wph):
7.Pus wh” ujquwhunnkp 2bp bpbuuy b wlwy b b wy wh
yupnpujuwhnip) ntbp (wodnpk)nt nubwlne p) ntubkpp),
hwdbdunws hp paybpubph hbw:

1. Cunwdbt| h Jun

2. duwun

3. Lnij up

4, Uy h 1wy
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5. Cumnuw b h | uy

C.Y huhjuwjwit whuwdutq/upwnuy ht whwwitho Ep
8 Appw Uk kb bpkluuy h pwpp by hu(yqe)
9.0t uh” wpn) np kphluwl untqhp hujwd
W EUD PP W e Y1 N
10.bplijuwlh kpplhgk yhpwhwnb™ | E vntqhy hwh jud
wnbunhnhwnp juyuljgnr py wdp:
1. Uyn
2. 1y
11.2nqunt Ut wpy) np bpkjuwb $hq. swhpwphniwdnt pj wh
d wd wb wl :
1. Uyn:
2. Ny 2
12.2bp Lk Juwb:

1o Guwunwpnid b pnynp phqhjufuwt wywnpynt py ntubkpp
wnwig hiug n1,hngubk{nt Jud upnputhngukph:

2. 2unid E,hnqunid £ Jud upwpngbbp kt ntbbbnt d,pp
Juwwpni d £ dhehhg pwpdp $hqhlwlywb
whwhntpjntuubkp,ophtiwy Yuwpnil phpnipj nt b jud
Uh pwth hwplj wuwhdwtibtEpny pwpdpwbiw hu:
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3. 2unid t,hnqunid kE Jud upwpnglp kt ntbbbnt d,bpp
Juuupnt U £ wnopy wdhqhlwyuw
wiwhntpjntuubpophtwy huwpp upwdspnr U
puy | k| hu:

4, 2tunid bt hwiiquwh dudwhwl, hhdbtwjwint U quudnt U k
nutip b wijwpnn b junwpt) npbt $hq. whjwhynipynrl
wnwig hiug n1,hnqubk{nt Jud upnputhngukph:

D. SRBD subscale

Panppni d Ebp wunnwu jputi k] hkwnlby uy hupgbphl,npnbp

Jbpuwpbpynt d b Qbp kplkpuuy p Jupphl plws jund wppnr b

dudwhwl: Zwpglbpp Jepuwpbpynt o o Qbp bpkjuuy p wuhywsphb

Jbpoht wluwpbipugpnt ,ny whwyuy dwh Jbpohlt vp pulthopyuw

pulhnp bplk kpkpub | wyf s p byk) uy p papuwgpned, bpwijwppp

qupnny L wpuyhl s plky -

13.Ltws Jphdwlnt U wpyy n” p Qbp bphkjuwb:

1. vnnwgunidk dudwbwih Yhuhg wbt) hu.....oo Y1 N2
DKes

2. Uhpwmk lunnwgnt d. . . . Y1 N2
DKes

3. Pupdp kE lunnwgunt d ..o Y1 N2
DKes

4, Cusnid kbt «bwtip»jud wndlnw. . .. ... ... ...

Y1 N2 DKas
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5. MdJuwpuwinitd Eous b jud muboynidkE 2tis Ey nt

bwuwwnuwlnyg...Ys N2 DKass

146pphhgt Gjunk” | kp,np bpkjuwh ont iy p wwhh qho pdw

RUPWPDL U oo

DKgsg

15. Upnpyn’ p Qkp kpkjuwib:
1. Tusnidkphpuwin opdum
pupwgpnurd. .. ... Y N
2. Ununw wh wppuwintd £ 3 npwugwsd

pEpwind. ... ..o 00 YL N> DKss

3. Gpphidu ppeonitd kE whlynnhbp.....ooo

N> DKags

16. Upnyn  p 2tp kphkjuwmib:

1. Ununwy wh wppwint d ks pupdwugws ................

N2 DKass
2. MubkunidEk pujnumipynrtitopJupupugpnt u

..................... Y1 N2 DKgg
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17.6ppuhgt tnk” | E,npniunighsp ud ug | pbudwhuy ok, np
Ephijuwb puynuwk pynitdopjupupwugpnrd ... Y1

N> DKss

18.%¢Jw p Lt wpn) np wnunuy wh upphwugib] Qkp kpkjuuy h. .

Y1 N2 DKags

19.Upnyn” p Qkp kpkjuwh wunwdnuy wh wpphwhnt d k
¢ jomgun]ny. ... Y1 N2 DKgs
20, Oudkynig hbun guouwhk” | t,np bpkuwh guyuph tnpduyg

..................... Y1 N2 DKss

21. Qtp bpkhuy h pwop inpdug hg u k™

E. ... . . . . . .Y N2 DKagsg

22. Gphhuwt h ws wh.
1. Bnid Lk, pshiunitd,bppninhy hphtwukl
fnunt U, Y: N2  DKag
2. MdJuwpwinid kE juquulbpwl] whbk| ppubpb nt
wiwhynipynrububpp.Yr N2 DKes
3. Zhkoumip) wdp onYnid E wpwwphtt wmqnuljubkphg..........

Yi N2 DKass
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4, Qtnptpunt nupbkpl wbhwiqhuwmbtt juwd qu wpyni d k
buwnws mknpnid. Y1 N2 DKes

5. Uupunphun« wpddwh U9 E»jud hphkt wwhnid E Jupdku
owpdhs ntuh. Y1 N2 DKess

6. Cunhuwnt U Jud bbkppntdnid t wy | dwppuwbg dke (op .

linuwlgnipyjnrububtph ud ppun ph

Chnphwluy nt pj n1 &!
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Appendix 2A. Questionnaire for adult patients (English version)

Questionnaire for adult patients

Patient’s ID

Date of Interview (dd/mm/yyyy) [ |

A. Screening questions
1. Do you have any of these conditions?
1. Chronic respiratory disease (e.g., asthma, chronic obstructive pulmonary disease, lung
cancer, cystic fibrosis, occupational lung disease)............Y1 N2
2. Neuromuscular disease (e.g., multiple sclerosis, muscular dystrophy)...Y1 N2

3. Congenital syndrome (e.g. Down’s; Turner’s; Di-George’s, William’s;

Velocardiofacial syndrome, Noonan’s; €tc.)...................... Y1 N
4. Congenital anomaly of upper airways..........ccovviiiiiiiiiiiieiiienennn. Yi N2
5. EXisting sleep disOrder. ..........ocoiiriiiiiiiii e, Y:r N

If the answer to any of the above mentioned questions is “Yes”, thank the participant and finish

the interview.

B. Social —demographic characteristics
2. Date of Birth (dd/mm/lyyyy) [ |
3. Male; / Female;

4. Weight (kg)
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5. Height (cm)
6. Age(y)
7. How do you rate your academic performance in comparison with your fellow students?
1. Much worse
2. Worse
3. Same
4. Better

5. Much better

C. Clinical history/cardiac symptoms
8. What was your weight at birth (kg)? __
9. Do you have tonsillitis/adenoiditis?...........ccccuevveevieerieiciienieeieeneee Yi N2
10. Did you have tonsillectomy/adenoidectomy in the past?

1. Yes:

2. No2
11. Do you have exercise intolerance?

1. Yes:

2. No2
12. Do you:

1. Perform all physical activity without getting short of breath or tired, or having

palpitations?
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2. Get short of breath or tired, or have palpitations when performing more strenuous
activities? For example, walking on steep inclines or walking up several flights of steps.
3. Get short of breath or tired, or have palpitations when performing day to day activities,
for example, walking on the flat.

4. Feel breathless at rest, and are mostly housebound or unable to carry out any physical

activity without getting short of breath or tired, or having palpitations?

D. STOP-BANG Sleep Apnea Questionnaire

23. Neck Circumference(cm) find a flexible measuring tape marked with

centimeters, in a standing position locate the widest part of your neck called larynx or Adam’s
apple and zero in on it. Wrap the tape around the widest part of your neck, so there is no slack,

but don’t squeeze your neck with the tape. Now repeat it again.

STOP
24. Do you snore loudly (louder than talking or loud enough to be heard through closed
doors)?
Yes: No2
25. Do you often feel tired, fatigued, or sleepy during daytime?
Yesl No2
26. Has anyone observed you stop breathing during your sleep?
Yesl No2

27. Do you have or are you being treated for high blood pressure?
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Yesl No2
BANG
28. BMI more than 35kg/m2? Yes: No2
29. AGE over 50 years old? Yes: No»
30. NECK circumference > 40cm? Yes: No
31. GENDER: Male? Yes: No2
Scoring: High risk of OSA: Yes 5 — 8; Intermediate risk of OSA: Yes 3 —4; Low risk of OSA: Yes

0-2

E. Berlin Sleep Apnea Questionnaire
Category 1
32. Do you snore?[1]
1. Yes:
2. No2
3. DKags
If you answered “Yes”:
33. Your snoring is:[2]
1. Slightly louder than breathing
2. As loud as talking
3. Louder than talking
34. How often do you snore?[3]
1. Almost every day

2. 3-4 times per week
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3. 1-2 times per week
4. 1-2 times per month
5. Rarely or never

35. Has your snoring ever bothered other people?[4]
1. Yes:
2. No2
3. DKas

36. Has anyone noticed that you stop breathing during your sleep?[5]
1. Almost every day
2. 3-4 times per week
3. 1-2 times per week
4. 1-2 times per month
5. Rarely or never

37. How often do you feel tired or fatigued after your sleep?[6]
1. Almost every day
2. 3-4 times per week
3. 1-2 times per week
4. 1-2 times per month
5. Rarely or never

Category 2

38. During your waking time, do you feel tired, fatigued or not up to par?[7]

1. Almost every day

2. 3-4 times per week
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3. 1-2 times per week
4. 1-2 times per month
5. Rarely or never
39. Have you ever nodded off or fallen asleep while driving a vehicle?[8]
1. Yes:
2. No2
If you answered “Yes”:
40. How often does this occur?[9]
1. Almost every day
2. 3-4 times per week
3. 1-2 times per week
4. 1-2 times per month
5. Rarely or never
Category 3
41. Do you have high BP?[10]
1. Yes:
2. Noz
3. DKagsg
Categories and Scoring:
Category 1: items 1, 2, 3, 4, and 5;
Item 1: if “Yes’, assign 1 point
Item 2: if ‘c’ or ‘d’ is the response, assign 1 point

Item 3: if ‘a’ or ‘b’ is the response, assign 1 point
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Item 4: if ‘a’ is the response, assign 1 point

Item 5: if ‘@’ or ‘b’ is the response, assign 2 points

Add points. Category 1 is positive if the total score is 2 or more points.
Category 2: items 6, 7, 8 (item 9 should be noted separately).

Item 6: if “a’ or ‘b’ is the response, assign 1 point

Item 7: if “a’ or ‘b’ is the response, assign 1 point

Item 8: if “a’ is the response, assign 1 point

Add points. Category 2 is positive if the total score is 2 or more points.
Category 3 is positive if the answer to item 10 is ‘Yes’ or if the BMI of the patient
is greater than 30kg/m2.

(BMI is defined as weight (kg) divided by height (m) squared, i.e.., kg/m2).
High Risk: if there are 2 or more categories where the score is positive.
Low Risk: if there is only 1 or no categories where the score is positive.

Additional Question: item 9 should be noted separately

Appendix 2B. Questionnaire for adult patients (Armenian version)

Ukbwhuuwlhutph hwpgw wp

NMwug htuwh ID

64



Zupguwqpnt ] gh wduwphy (o o /ww/wnwnunn)_ /_ /[

A. Ujynphuhtiq hupgtp
.Mk’ pupn)np hbwbj wy hhwinnipy ntuukphg dkyp.

1. Lpnuhly ous wnwwh hhywhnnipjntt (op. wupduw,
ppnuply ppntjuhw,pnph punglbndnt Ynghughnng,
wypndtkuhnltiwy pnpuy hb
hhuwbgnup) nul). o oo oo

Y1 N

2. Ly uppuijwbw ht hhywhnpnipynih (op. wwpwdnt b
ufptpng,Ujwbuy hu
nhuwmpndhuw). . ..o
........................ Y1 N2

3. Pbwsht uhtigpnd. (op. “Quntibh,Bppukph,h-
Qtnpeh, Nt hyjwluh,Unt twbh, 9k njupyhnpughuy
hud whnwb ho, by 0. ) Y1 N2

4 diphuousninhubphptwshtt windw] hw. ..o,

Y1 N2
5. Unumpnodws puh ppwbgqupnir d. ... Y1
N2

Cplk ybpnbp) uy hupglbphg V& h wuwnwu il p g pwl wi L,

sbnphwluy ntpynt b huy mhbkp vwubwhghto b nugpupbgpkp

hupguqpnij gp:

65



B.Unghuy nkdnqpwdhy punt puwgpkp
2.0utun) wh wduwphy (o o/wwwnwnunwm)_ /_/_
3. Up wl w1/ bqul wh
4. Puwp (4 q)
5. Zumwl (ud)
6.Swphp ()
7.htus wk~ u §quwhunkp 2 wl uny b hwl wh
Jupnnqujwint pj ntup (unynpk|nt nLtbwlnt pj nLbbbkpp),
hund bl winws 2kp puypubph hkw:
1. Cunwdb| h Juwn
2. uwn
3. Lnij bip
4 Udbihpug

5. Cumnuw bt h ] uy

CY hthjujwbh whuwdubq/upunu ptt whnwihp Ep

8 Nppw Uk kol Qkppwyp stk hulyq)

9.M Lk’ pwpy) np dnip untiqhy hwljud

W EUn P P W Uyn: Ny

10. dppwhunnyt” | kp wntqhy hwh jud wnknhghwh
Juyuygne pj wdp:

1. Ujyn
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2.

1y

ll.anhnLD Ubtp wpny) np $hq. Sdwbpwpbnutdwdnt p; wb

d wd wb wl :
1.
2.

12.7n1p .

Uy n

1y

Yuunwpni d Ep pnypnp hqhjuwjwh whwhyntpj nrbbkpp
wnwig hiug n1,hnglbk{nt Jud upnputhngukph:

Zunid kp,hnguntd jud upwuwpngtbp nt akunt d,Epp
Juunwpni d kp Uhohthg pupdp $hqhlwlwh
wiwhyntpjntuubp,ophttwy Ywpnil ppnip) nt b
Jud Uh putth hwplj wuwpdwtttbpny pwpdpwbiw hu:
Zunid kp,hnguntd jud upwupngtibp nt akunt d,Epp
Juuuwpni U Ep wnopy wdhqhlwhwh
wiwhynipjntbubpophtwy huwpp upwdspnr U

puy | k| hu:

Zunid tp hwiquuwh dudwhwl,hhdtwjwint d guunt d
tp wbip b whjwpnn tp uwnwp k] npbk $hq.
wjwhynipj nt b wnwig hbwy n1,hngukpnt Jud
upwjuhngbbph:

D. STOP-BANG h wip g wmp wip

23. Mupwingh ogpowghdp (ud) Qukp &Gn1 b 5 unhhs

dugun] ki

"vwhwmpdEwp, jubqbws JhLwhnt o »no unpkp Qkp
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wupwingh wlbkbuy uy & hunn wébp,npp §nys ynr J F fnhnpn §ud
wp wlwuidnp, wnnkp vwhwhdbwpp wqupwingh pnipoll uy n
huwnjwdn:  uy bwbu,npny puwnubndp,ns £y pnrj)  pap:

Ynlhbobkp uy n gnpénpgnipjnt ap bu JE§ whqud:

STOP
24.%1p pupdp ppnwglint” U kp (unukinig wlk)h pupdp jud
wy upwb pupdp,npjudh hul pnutph hkwbnt U):
Yes: Noz
25.2wfw ukp 2tq qgni U hnquwd,nt dunyun Jud piljnun
ghptuw htu dwdht:
Yes: Noz
26.NpLt Ukyp ajuwnk’ | E,np dnip ont s p wuhbp puws
d wd wb wl :
Yes: Noz
270 ut” p yud pnidynt U kp wpn) np pupdp wpj wh 1o Uwb
Juyulgne pj wdp:
Yes: Noz
BANG
28. UupUdth quiqyuwsh hankpu >354q/U?? Yess Noz
29.Swphp >50wn? Yes: No2
30. MTwpwungh o2powghdp >40ud? Yes: Noz

3. Uknp wpwlw & Yes; No
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E.Rtn| h1) wh Zwpgwp wp
Quunk gnppuwl
32.unuthwgint~ d kp wpny) np [1]
1. Ujn:
2. Ny 2
3. 2qhwnkusgs
Epk w n,
33.2Lp undtngp[2]
1. Cuyuwnnipjnibhg Uh qnpp pwpdp
2. Pupdp k,htts whu junupnp
3. vnuphg pwpdp k
4. Uy upwl puwpdp k,np Jupnn £ udt| hwplbwd

ubky wint d

34.Nppw’ @ hwdwukp junuthwg int U [3]
1. Zudwpy wudbt op
2. Cwp wpwlwub 3-4 wt q wd
3. Cwp wpuwlwub 1-2 wh g wd
4, Udubjwb 1-2 wh qud

5. Bpplp fud gqplpk kppkp

35.2bkp pnUtngp kpplt whhwiquuugpt’ | & wy | dwpnljwhg[4]

1. Ujn:
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2. N 2

36.0pLt Ukyp ujwnk’ | E,npgnip nupupni U kp oy k| plhws
d ud wit w [5]
1. Zudwp) wmudbt op
2. Cwp wpwlwut 3-4 wh q wd
3. Cwp wpuwlwub 1-2 wh q wd
4, Udubjwb 1-2 wh qud
5. Bpplp fud gplpk kppkp
Quuinkgnphw?2
37.0ppw’ & hwdwutp qgnid 2tq hnquwd jud pni| wgws puhg
h & un [6]
1. Zudwp) wudbt on
2. Cwp wpwlwub 3-4 wh q wd
3. Cwp wpuwlwub 1-2 wh g wd
4, Udubjwb 1-2 wh qud

5. Bpphp fud gqplpk kppkp

38.Nppw & hwdwubp wppnt &t dudwhwly qgni U dkq hnguws,
pnt] wgws ud unynpuwljwihg Jun(7]

1. Zudwpy wudbt on

2. Cwp wpwlwut 3-4 wt g wd

3. Cwp wpwlwub 1-2 wh g wd
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4, Udubjwb 1-2 wh qud

5 bpphp fud gplpk kppkp

39.6pplt otk Yud pubk’ | tp dbphw h nkyhu[8]
1. Ujn:

2. N 2

40. 6pk uy n,nppw @ hwfwht 5wlwnupnt d[9]
1. Zudwp) wudbt on
2. Cwp wpuwlwut 3-4 wh q wd
3. Cwp wpuwlwub 1-2 wh q wd
4, Udubjwb 1-2 wh qud
5. bpplp fud gplpk kppkp
Quunkgnph w3
41. M uk” p pwpdn wp) wh £upnt U [10]
1. Uynl
2. Ny 2

3. 2¢hwnkU88
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Appendix 3. Medical Record Review Form

Medical Record Review Form

Social — demographic characteristics

42.Patient ID 43. Date of chart abstraction /[
dd/mm/yyyy
3.BirthDate_ / / dd/mm/lyyyy
44. Date of firstvisit _ /[ 45. Residency
Dd/mml/yyyy 0.Armenia 1.Other

46. Main diagnosis

1. Functionally univentricular heart

normal heart

2. Tetralogy of Fallot

3.Structurally

47. Subtype of univentricular heart

1. Tricuspid atresia

2. Double inlet ventricle

3. Double outlet ventricle

4. Complete AV canal

5. Transposition of great arteries with

ventricular septal defect (TGA-VSD)

6. Mitral atresia

7. Pulmonary atresia — ventricular

septal defect (PA- VSD)

8. Pulmonary atresia — intact ventricular

septum (PA-1VS)

48. Concomitant heart defects
1.Yes 2.No

If yes, specify

49.Concomitant disease/syndrome
1.Yes 2.No
If yes,

specify
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50. Palliative surgery
1.Yes 2.No
51. Bidirectional Glenn 52. Hemifontan classic
1.Yes 2.No 1.Yes 2.No
53. Hemifontan turbo 54. Aorta-pulmonary shunt
1.Yes 2.No 1.Yes 2.No
55. Pulmonary artery banding 56. Atrioseptectomy
1.Yes 2.No 1.Yes 2.No
57. Damus - Kaye - Stansel procedure (DKS) | 58. Other
1.Yes 2.No 1.Yes 2.No Ifyes, specify

Date of surgeries dd/mm/yyyy

59. 1st palliation_ /[ 60. 2nd palliation

S

61. 3rd palliation_/ [/ 62. 4th palliation _/ [/
63. Date of final repair/palliation (dd/mm/yyyy) A

64. Type of final repair

1. Extracardiac 2. Intracardiac lateral 3. Kawashima surgery | 4. TOF repair

Fontan tunnel
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65. Date of last hemodynamic catheterization(dd/mm/yyyy) )

66. Total pulmonary
resistance(TPR)
67. Arteriolar pulmonary resistance

(APR)__

68. Mean PA pressure

69.Mean SVC pressure(mmHQ)

70. Mean pressure in

aorta(mmHg)

71. SV end — diastolic pressure

(SVEDP)

72. Transpulmonary

gradient

73. Index of McGoon

74. Index of Nakata

vessels

a. Yes b. No

75. Presence of significant collateral

76. Morphology of single ventricle

1. Left ventricle 2. Right ventricle 3. Undefined

Echocardiographic data at last visit

77. Last echo date (dd/mm/yyyy) [/

Fontan

78. Single ventricle end-diastolic diameter
(SVEDD)(mm)_

79. Single ventricle end-systolic diameter
(SVESD)

80. Single ventricle ejection fraction

TOF
87. Right ventricle dimension (M-
mode)(mm)___
88. Right ventricular end-diastolic area index
(RVEDAI)_

89. Residual pulmonary stenosis (PS)
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(SVEF)
81. SVC peak velocity
82.Presence of fenestration
1. Yes 2. No
83. Fenestration velocity (m/sec)
84. Atrioventricular valve regurgitation
(AVR)
1.No 2.Mild 3.Moderate 4.Severe
85. Presence of reverse flow on hepatic veins
1. Yes 2. No

86. SVEF (%)

1.No 2.Mild 3.Moderate 4.Severe
90. Residual pulmonary regurgitation (PR)
1.No 2.Mild  3.Moderate
4.Severe
91. Tricuspid regurgitation (TR)
1.No 2.Mild 3.Moderate 4.Severe
92. TR peak systolic pressure
gradient(mmHgQ)
93. Aortic regurgitation (AR)
1.No 2.Mild 3.Moderate 4.Severe
94. LVEDD

95. LVEF (%)

Clinical Characteristics at last visit

96. Last visit weight (kg)

97.Last visit height(cm)

98.Last visit heart rate(bpm)

99. Last visit BP

(systolic/diastolic) /

100. Last visit oxygen saturation(%)

Medications prescribed at last visit

101. Aspirin

1.Yes 2.No

102. Coumadin/phenilin

1.Yes 2.No

103. B-blockers

1.Yes 2.No

104. ACEI/ARB

1.Yes 2.No

105. Antiarrhythmic

106. Diuretics
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1.Yes 2.No 1.Yes 2.No
107. Sildenafil 107. Other
1.Yes 2.No 1.Yes 2.No, If yes-

specify

108. Arrhythmia history
1.Yes 2.No
109. Type of arrhythmia

1. Atrial 2. Ventricular

3. Both

110. QRS duration (msec)

111. Implanted device
1. Stent 2. PMK/ICD

Fenestration device

3.
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Appendix 4A. Oral Consent form (Englsih version)
American University of Armenia

Institutional Review Board #1

Oral Consent form for Congenital Heart Disease Patients
Title of research project: Risk of Obstructive Sleep Apnea in Patients with Repaired or Palliated
Congenital Heart Disease
Hello, my name is . I am a pediatric cardiologist / pediatric cardiologist and second
year graduate student at School of Public Health at the American University of Armenia. As part
of my thesis project, and with the support of the faculty members and in collaboration with
Nork-Marash Medical Center, | am conducting a study to investigate the risk of sleep disorders
in patients with repaired congenital heart disease. Proper identification and treatment of this
disorder can contribute to improvement of heart health.
You have been contacted because based on NMMC records you or your child have been
diagnosed with congenital heart disease (either Tetralogy of Fallot or Univentricular heart) and
underwent surgical repair of that anomaly / you have been selected randomly, because based on
NMMC records you have structurally normal heart, underwent heart study for some reason. You
will be one of 200 people who will participate in this study. If you are willing to participate in
this study I will review your personal medical chart in NMMC. | will also ask you questions
about your heart health and sleep habits. This is safe procedure and there are no risks linked to
its’ performance. Y our participation in the study is voluntary. You may skip any question you
think is inappropriate and stop the further investigation at any moment you want with no further
negative consequences. The interview will take place when it’s convenient to you and take no

more than 15 minutes.
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There will be no monetary benefits for you if you participate in this project. The information
provided by you will be very helpful for understanding the mechanisms of worsening heart
health status in patients with repaired CHD.

There is no penalty for refusing to participate. Whether or not you are in the study will not affect
your future treatment at the NMMC. The information provided by you is fully confidential and
will be used only for the study. Only aggregate data will be reported. Contact information will be
destroyed upon completion of the research.

If you have more questions about this study you can contact to dean of School of Public Health
Varduhi Petrosyan via following number (+37460 61 25 92). If you feel you have not been
treated fairly or think you have been hurt by joining this study, please contact Dr. Kristina
Akopyan, AUA Human Subject Protection Administrator at the American University of Armenia
(+374 60) 61 25 61.

If you agree to be involved in this study, could we continue?
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Appendix 4B. Oral Consent form (Armenian version)
Zwy nuwnmut h UdtphYy) wi 2 ud w] uwp wh

Ghunwh g nuujwit Ephjuw h phy lhwhdttwdnnny
Ppuqty hudwdwy tnt pj wh 4l
ZEwmmgnumni py wh whywhni fp Luh opuwpnt Yuwhy wwinkh nhulp

onJwd upwmh puwdhtt wpuuny wughbkuwnbtbph ogpowtint d

Pupl Qtq,hd wunt up E:Bu dwb j wl wtt upwnwp w
Ed /dwbijuwlwh uprnupwt Ed b Zuwy wuwnwih Udkphl) wh

hudw vwpwih Zwbpuwy ptt Unnpowwywhnt pj] wh pwdup
dwghuwmpwunt puy h wjwpuwljwi jntpuh nrtuwbnn Ed:6Y,npuywku
hd wy wp nul wh g h ] wh wp punwuph dh dwu, h & wnwg n ol wa jodp h
winuwd nuuwpnmutbph wowijgni pj wdp b Unpp-Uwpwy pdojwulub
JEuwpnuh htwhwdwntin, hpwjwitwgunit d td hEwnmwgnunt py n1
ntuntdbwuhpbyint puh pruwbqupni dutph nhuljpowjdws puwshi
upwh hhquwugnipynrbuttpnd wughbkuwbbph dnwn: Uju

hhJuwinpnt pj wth dwdwbwhtt huwy mbwpbpnidp b pnidnrdp wpny
Eu bwuwuwmbk] upwh wnnnont pj wbh pupb] wdwhpn: nirp puwpy b
Ep,npndhtwul Lnpp-Uwpwp pdrojwjwt jEuwpnunt U gqpwbigywd
)] w) biph huwdwduwy & Qbq jud Ep Epijuuy h winjwk upwh
puwshu hhJuugnipynit b (duwy | n) h wbwpunwjud $nrtuljghnbug
dhwinpnp uhpw)b Ypty] tpowjdwt Jhppwhuwwnnt pj ntt tpw
Juwuignipy wdp /Mnip puwupdbt] Ep quunwhwlwint pj wh juwpgny,
npnyhtwl Unpp-Uwpwp pdrojwjwt jEuwpntunt U gqpuwtigy wsd

)] w) bkph hwdwduwy @ n1ubkp junnigdwdpny unpdw) uhpwul
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hus -np wquundwnny wagk| Ep upwh htwnwgnuni py nt wy g
JEuwpnunid: dnip | hutip wy u hEwnwgnunt pj wbk Eplyne
hwpjnipdwubtwjhgubphg dblnp:

Cpbi pnip wqunpuuwnbp dunbtwlgh)nt, wmyubtu nrunt dbwuhpbd
LVUPRY-h dtp whdbwwh pdo jwljwub pupwp: Lub jwnnud hwpgtp dbp
upwh wnnnonip] wbh b puhunynpnip)nrbububphJbpwpbny w : Uw
wywhny gnpépupwg E b tpwhpwjwbwgdwt hEwnmjuydwsd nplhk
phuljtps Juwbu: 2tp Juwbwgnip)y ntup hEwnwgnunt pj wp
Judwdnp k: Inip hpwynrup ntbp s qyunuwujuw ] wy o
hwpgtphtu,npnup Atq jupnn Et mhwdnt pj n1t t yqunduwn k] b
Yupnn bp nunwplguby hupgwqpnij gp gubjwgws wwhh ™ wnwig
npblk htumugqupuwguuwjwt htwmbwiputph:Zwpguwqpnij gp mknh
Unrubbwdbil woiqud,2kq wnw ] hwpdwp dwuwdwbwly, b fwnbh ns
wyb] hpwt 15pnuwhk:Uj u htwmwugnunt p) wip Ep duutwljgnt py wb
nhwpnidnpbk ppudwl wh ppwhint vwtip bwpwntudws s £: AEp
Ynnuhg vpudwnpws wy wy ubpp gwnoquuyuwp Y hukl
hwuljwiuw nt hwdwp upwh ptwdht wpwwnny Y hpwh wny ws

wug htuwmubiph upwh jupgqu pdwlh Junug dwt Uk ppwbhqdubtpnp:
ZEkuwgnunt p) wup s fuubwgbipsnituthnpbk pwgwuwl wt
htwbhwup: Uujwpbpwihg tnip jduubtwlglp uy u

hEwwgnumnt pj wup p ny ,ns hus s h wqnph QEp VURY htkwnwug w

wy ghinip)nrtububiphypw Qtp Ynndhg mpudwnpydws nno
mkntlnipynirububpp qupuih juywhytt b jogquugnpddtu dhuy
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htwnwgnumnt pj) wtt hwdwp: Uhwy & punhwbpwgdws wpyy nrupbubpp
Jubpjuw wgybku qiynry gnitd:QEkp wbdtwlwb ndj w) tbkpp

wdhowwtu §ns by mgytt hEwnwgnunt pj wt wjwpwnhg htwun:

zhkwnwgnunt pj] wt htnjuyyws htwvmugquhwpgbiph hwdwp wpnn bp
quiquwhuwpb| Zwbpuy htt wnnn9 wywhnt pj wh dwlnt | wknh nEjwl
Jupnynt hh MEwupnu) wbhht hEwbh) wy htpwhn uvwhwlwpny (+37460 61 25
92):Gptk Jupdnid tp,np htwmwgnunt pj wbh pupwgpnt U Qtq htwn
tud s tu Jipwpbtpdbt] W/wd hEwvwgnunt pj n1tip Akq Juwu k
huwugptyp,jwupnn tp quioqwhwpb) ZUZ-h Ephjuw h hwtdtwdnnndh
unUhbbhuwmpuunp EphunhtwZwynp) wuhu,htwnby uy

ht p wjun uwh wdwpny (+374 60) 61 25 61:

Cplk Tnip hudwdwy & tp duuwbtwlgt| hEwnwgnunt pj ulh]},llmpno n

Eup owpnt bwl by :
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