
THAI JOURNAL OF OTOLARYNGOLOGY HEAD AND NECK SURGERY 
Vol. 24 No. 1: Jan - Jun 2023       

Clinical and Polysomnographic Parameters of Children with Sleep 
Disordered Breathing: Comparison between Surgical and Non-surgical 
Candidates 
Thananard Kriengkraikasem, M.D.1, Archwin Tanphaichitr, M.D.2, Sarin Rungmanee, M.D.3, Chawanont 

Pimolsri, M.D.3, Wattanachai Chotinaiwattarakul, M.D.3,4, Wish Banhiran, M.D.2,3

 Received:  
 Revised:  

   Accepted: 

Abstract 

Objective: To compare clinical and polysomnography (PSG) parameters in children with sleep-
disordered breathing (SDB) that influence the treatment decision between surgical and non-
surgical treatment.  
Study design: Retrospective study. 
Material and methods: Patients aged 2–15 years with SDB who underwent PSG were recruited. 
Clinical and PSG parameters were compared between surgical and non-surgical candidates. 
Results: Three hundred and eighty patients were included, with a mean age of 8.72 ± 3.78 years. 
In terms of sleep architecture, the surgical group had a significant increase in total sleep time, 
sleep stages N3, and REM (P<0.05), but had a significant reduction in sleep stage N2 (P<0.05) 
compared to the non-surgical group. In terms of respiratory parameters, there was a significant 
increase in the AHI, obstructive AHI, apnea index, hypopnea index, the longest time of apnea and 
hypopnea, mean oxygen saturation, oxygen desaturation index and the total arousal index in 
surgical group compared to non-surgical group (P<0.05). Multivariate analysis demonstrated age 
2-5 years, tonsil size 3+ and 4+, and obstructive AHI ≥ 5 events/h were significant risk factors for
surgical treatment (P<0.05).
Conclusion: Both clinical and PSG parameters should be taken into consideration in the treatment
decision for pediatric patients with SDB, especially age, tonsil size, and obstructive AHI. A
prospective multicenter study with a larger sample size to create comprehensive care for patients
with SDB is needed.
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Introduction 

 Pediatric sleep-disordered breathing 
(SDB) is a spectrum of breathing disorders 
ranging from primary snoring to obstructive 
sleep apnea (OSA), characterized by 
recurrent events of partial or complete 
upper airway obstruction during sleep which 
leads to abnormal ventilation and sleeps 
pattern.1 In pediatric population, the 
prevalence of habitual snoring and OSA is 
ranging from 1.5-27.6% and 1-5%, 
respectively.2 In Thai children, the 
prevalence of habitual snoring and OSA was 
4.3-8.5% and 0.69-1.3%, respectively.3, 4 SDB 
affecting children’s sleep quality, ventilation 
function, physical development, brain 
function, and quality of life.2, 5-8  
 Polysomnography (PSG) has been 
recognized as the gold standard for 
diagnosing OSA.9 According to the American 
Academy of Sleep Medicine (AASM) and the 
American Academy of Pediatrics (AAP) 
guidelines,  PSG should be performed to 
confirm the diagnosis of OSA in children 
before undergoing adenotonsillectomy (TA)2. 
However, the American Academy of  
Otolaryngology-Head and Neck Surgery (AAO-
HNS) guidelines recommended performing 
PSG in children who are less than 2 years of 
age, children with any of the following: 

obesity, Down syndrome, craniofacial 
abnormalities, neuromuscular disorders,  
sickle cell disease, or mucopolysaccharidoses, 
or if there is discordance between clinical 
symptoms and physical examination.10,11 In 
Thailand, OSA was the most common 
diagnosis with a prevalence of 92.7% among 
pediatric patients who presented by snoring 
or other SDB symptoms. In addition, the 
prevalence of sleep disorders in Thai children 
who underwent PSG at a tertiary-care 
hospital is very high because of limited 
availability and high cost in a non-tertiary-
care hospital.5   

TA is the mainstay surgical treatment 
for pediatric patients with SDB12 who have 
adenotonsillar hypertrophy.10, 13 Other 
surgical interventions beyond TA include 
lingual tonsillectomy, supraglottoplasty,  
oropharyngeal surgery, and nasal surgery, 
which depends on the site of obstruction. 
Nonsurgical management for pediatric OSA 
includes continuous positive airway pressure 
(CPAP ) ,  we i gh t  con t ro l ,  i n t r anasa l  
cort icosteroids,  and leukotriene receptor 
antagonist.14 However, treatment decision for 
p e d i a t r i c  S D B  r e q u i r e s  f u r t h e r  
understanding.14 Studies indicated that as 
compared with watchful waiting, TA can 
reduce symptoms and improve the 
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secondary outcomes of behavior, quality of 
life, and PSG parameters in children with 
OSA.15, 16 However, other studies suggest a 
more conservat ive method before  
conducting TA.17 Chervin et al. reported that 
after 7 months of watchful waiting, many 
patients who were suitable for TA no longer 
had OSA on PSG.17 In addition to PSG, 
indications for TA may depend, in part, on 
practice settings and otolaryngologists' 
backgrounds. However, research has yet to 
prove that diagnoses based on PSG, as 
opposed to a bedside history and physical 
examination, better predict outcomes of TA. 
In addition, pre-operative PSG could add 
considerable costs or delay effective 
treatment. 

 
Many children who receive TA for 

OSA also have other indications sufficient to 
warrant surgery. More data will be needed to 
establish optimal approaches to a highly 
prevalent sleep disorder and one of the most 
common surgical procedures in children. 
Possibilities raised by current data include 
inadequate availability of pediatric sleep 
laboratory beds outside large academic 
centers, insufficient training in pediatric 
otolaryngology, and relative lack of 
experience in practice.18  

Currently, in Thailand, the chance of 
most children with SDB getting PSG done 
before definite surgical treatment is relatively 
low because PSG is mostly available in 
tertiary-care hospitals. No more than 10% of 
the children were objectively tested for OSA, 
particularly laboratory-based PSG. No PSG 
parameters were identified as indications of 
TA.18 To explore if the PSG was needed 
before surgical treatment, there should be 
some parameters other than just an 
oversimplified apnea-hypopnea index (AHI) 
potentially useful for selecting proper 
treatment. Unfortunately, those parameters 
may be frequently overlooked or not 
appropriately considered. Among these PSG 
parameters, obvious improvements were 
observed in postoperative AHI, arousal index, 
oxygen desaturation index (ODI), and snore 
index compared with the preoperative 
measurements.19 ODI has been reported as a 
good tool for predicting both the presence 
and severity of OSA in children, which may 
be an alternative tool for postoperative 
evaluation and follow-up of children with 
OSA.19 In the study by Zhao et al., age, mouth 
breathing frequency, and obstructive AHI 
were the most important factors which were 
involved in the surgical decision.14 The aim of 
this study is to comprehensively review and 
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compare clinical and PSG parameters in 
children with SDB who underwent surgical 
and non-surgical treatment. We hypothesize 
that there might be some clinical and PSG 
parameters beyond AHI that are also useful 
for treatment planning. 
 
Materials and methods 
Study Design 

This retrospective study was 
approved by the Institutional Review Board 
of the Faculty of Medicine Siriraj Hospital, 
Mahidol University (Si 231/2021). The clinical 
and PSG parameters were compared 
between surgical and non-surgical candidates 
to identify the parameters that influence the 
treatment decision, i.e. surgical and non-
surgical treatment.  
Study Population 

We recruited 380 pediatric patients 
aged 2-15 years diagnosed with SDB 
(documented history of labored snoring, 
witness apnea, struggling, and/or gasping 
during sleep) and underwent attended PSG 
in Siriraj Hospital Bangkok, Thailand. The 
study period was from January 2018 to 
December 2019. Patients with incomplete 
PSG information including total sleep time 
less than 2 hours, technical error, or severe 
artifacts were excluded. 

Polysomnography (PSG) 
Sleep studies were performed with 

Somnomedics; SOMNO HD EEG32 (Germany). 
All PSG were obtained using standard 
electroencephalographic monitoring, 
including frontal leads (F3, F4), central leads 
(C3, C4), occipital leads (O1, O2), and 
reference leads at the mastoids (M1, M2); 
electromyography; and electrooculography. 
Peripheral capillary oxygen saturation was 
measured with a finger probe. Airflow was 
measured by two methods: a nasal pressure 
transducer and an oral-nasal thermocouple. 
The thoracic and abdominal respiratory 
movements were monitored by respiratory 
inductance plethysmography. The body 
position was measured by a position sensor, 
which was attached to the anterior chest wall 
on the thoracic belt. Sleep stages were 
scored in 30-s epochs according to the 
American Academy of Sleep Medicine (AASM) 
standard criteria.20 Apnea was defined using 
oral-nasal thermocouple excursion, and 
hypopnea was defined using nasal pressure 
transducer excursion. Apnea and hypopnea 
were scored using the standard criteria from 
the AASM manuals 2012.20 The severity of 
OSA was classified by using obstructive AHI 
(OAHI) as mild (OAHI 1.0-4.9 events/h), 
moderate (OAHI 5.0-9.9 events/h), or severe 
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(OAHI ≥ 10.0 events/h).21 Central apneas and 
central hypopneas in rapid eye movement 
(REM) and post-arousal were included in the 
apnea-hypopnea index (AHI) and were 
excluded from OAHI. 

 
General information 

Electronic medical records were used 
to collect the following demographic and 
cl inical information: age, sex, cl inical 
symptoms, allergic status, underlying 
d i s ea se ,  he i gh t  ( cen t ime te r ) ,  and  
weight (kilogram). The height and weight of 
the patients were measured and recorded on 
the day of the PSG monitoring, and their 
body mass indices (BMI) were calculated 
accordingly. Weight status was classified 
using the BMI z-score which was calculated 
using weight and height. World Health 
Organization (WHO)-defined BMI Categories 
were based on standard deviation (Thinness, 
<-2SD; normal weight, -2SD to +1SD; 
Overweight, +1SD to +2SD; Obesity, >+2SD).22 
Tonsillar size was obtained from electronic 
medical records and graded on the Brodsky 
scale: 1+ if less than 25% obstruction of the 
oropharynx, 2+ if 25% to 50 %, 3+ if 50 to 
75%, or 4+ if ≥ 75%.23 Tonsillar hypertrophy 
was defined as tonsil grade 3+ or 4+. 

 

Surgical vs. Non-surgical Group 
Included subjects were followed at 

least 12 months after undergoing PSG, and 
information regarding the treatment was 
collected. Subjects were divided into a 
surgical and non-surgical group depending on 
the treatment they received. The surgical 
group was patients who receive any upper 
airway surgery to correct OSA, including TA, 
nasal surgery, pharyngeal surgery, lingual 
tonsillectomy, supraglottoplasty, and  
tracheostomy. The non-surgical group was 
patients who did not receive surgical 
treatment.  
 
Statistics 

PASW Statistics version 18.0 (SPSS 
Inc., Chicago, IL) was used for statistical 
analysis. Independent sample t-test and Chi-
Square test were used to compare 
continuous and categorical variables, 
respectively. Univariate logistic regression 
was used to select related variables, and the 
factors were pooled into multivariate 
regressions to further identify significant 
factors by a backward elimination process. A 
P-value of < 0.05 was considered statistically 
significant. 
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Results 
Three hundred and eighty patients 

were included in this study; consisting of 250 
males and 130 females. The mean age was 
8.72 ± 3.78 years. The surgical group was 
significantly younger than the non-surgical 
group (7. 14 ± 3. 12 vs. 9. 75 ± 3. 83 years, 
p<0.001). Overweight was present among 61 
patients (16.1%), while 143 patients (37.7%) 
were obese. Almost all children (97.1%) had 
snoring symptoms. All of the children (100%) 
in the surgical group had snoring symptoms. 
The surgical group had more clinical 
symptoms of snoring, apnea, and struggle  

than the non-surgical group (p<0.05). In terms 
of underlying disease, the non-surgical group 
had significantly more underlying diseases 
than the surgical group, especially 
neuromuscular disease (0 vs. 18.3%, 
p<0.001). The majority of the surgical group 
had tonsillar hypertrophy (3+/4+) compare 
with the non-surgical group (81.1% vs. 25.7%, 
p<0.001). The mean adenoidal nasopharyngeal 
ratio (ANR) of the surgical group was also 
significantly higher than the non-surgical 
group (0.71 ± 0.15 vs. 0.61 ± 0.15, p<0.001). 
The baseline demographic and clinical 
characteristics of the patients were presented 
in Table 1. 

 

 

 

Table 1. Baseline Demographic and Clinical Characteristics (n = 380) 

Factors Total (n=380) Surgery (n=150) Non-surgery (n=230) p-value* 

Age, mean ± SD, years 8.72 ± 3.78 7.14 ± 3.12 9.75 ± 3.83 <0.001 

Age, n (%) 
     2 to 5 years 
     >5 to 12 years 
     > 12 years 

 
83 (21.8) 
219 (57.7) 
78 (20.5) 

 
52 (34.7) 
85 (56.7) 
13 (8.6) 

 
31 (13.4) 
134 (58.3) 
65 (28.3) 

<0.001 

Sex: Male, n (%) 250 (65.8) 102 (68.0) 148 (64.3) 0.463 

BMI, mean ± SD, kg/m2 21.41 ± 7.83 20.32 ± 6.68 22.13 ± 8.43 0.021 

Nutritional status, n (%)a 
     Obesity (>+2SD) 
     Overweight (+1SD to+2SD) 
     Normal (-2SD to +1SD) 
     Underweight (<-2SD) 
     Missing data 

 
143 (37.7) 
61 (16.1) 
151 (39.8) 
24 (6.3) 
1 (0.3) 

 
57 (38) 

19 (12.7) 
68 (45.3) 
6 (4.0) 

 
86 (37.6) 
42 (18.3) 
83 (36.2) 
18 (7.9) 

0.203 
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Factors Total (n=380) Surgery (n=150) Non-surgery (n=230) p-value* 

Clinical symptoms     
     Snoring 369 (97.1) 150 (100.0) 219 (95.2) 0.004 
     Apnea  83 (21.8) 47 (31.3) 36 (15.7) <0.001 
     Struggle 94 (24.7) 51 (34.0) 43 (18.7) 0.001 
     Awake by shaking 6 (1.6) 2 (1.3) 4 (1.7) 1.000 

Underlying disease, n (%)b 

    Down syndrome 
    Craniofacial syndrome 
    Psychiatric disorders 
    Neuromuscular disease 
    ADHD 
    Hematologic disease 
    Heart disease  
    Asthma 
    Chronic rhinitis 
    Others 

217 (57.1) 
18 (4.7) 
25 (6.6) 
14 (3.7) 
42 (11.1) 
27 (7.1) 
9 (2.4) 
17 (4.5) 
27 (7.1) 

152 (40.6) 
62 (16.3) 

69 (46.0) 
7 (4.7) 
8 (5.3) 
4 (2.7) 
0 (0.0) 
11 (7.3) 
7 (4.7) 
5 (3.3) 
10 (6.7) 
58 (39) 

19 (12.7) 

148 (64.3) 
11 (4.8) 
17 (7.4) 
10 (4.3) 
42 (18.3) 
16 (7.0) 
2 (0.9) 
12 (5.2) 
17 (7.4) 
94 (41.8) 
43 (18.7) 

<0.001 
1.000 
0.528 
0.425 

<0.001 
1.000 
0.032 
0.455 
0.841 
0.249 
0.155 

Nasal examination, n (%) 
     Normal 
     Congest  
 

 
315 (85.8) 
52 (14.2) 

 
126 (85.7) 
21 (14.3) 

 
189 (85.9) 
31 (14.1) 

 
0.958 

Tonsil size, n (%) 
     1+ and 2+ 
     3+ and 4+ 

 
199 (52.6) 
179 (47.4) 

 
28 (18.9) 
120 (81.1) 

 
171 (74.3) 
59 (25.7) 

 
<0.001 

ANRc, mean ± SD 0.66 ± 0.15 0.71 ± 0.15 0.61 ± 0.15 <0.001 

 
Abbreviations: BMI, body mass index; SD, standard deviation; ADHD, attention deficit hyperactivity disorder; ANR, adenoidal 
nasopharyngeal ratio. 
aNutritional status was defined by BMI z-score. Thinness, BMI z-score < -2 SD; normal weight, BMI z-score –2 SD to +1 SD; 
overweight, BMI z-score +1 SD to +2 SD; obesity, BMI z-score > + 2 SD.22 
bOne patient may have many diseases.  
cANR was calculated in 271 patients who underwent lateral skull X-ray. 
*P-value was calculated by unpaired t-test, Mann-Whitney U test for continuous data, and chi-square test for categorical data. 
Bold values indicate statistical significance. 
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Among 150 patients in the surgical 
group, the most common operation was TA 
(87.33%), followed by tonsillectomy (8%), 

and TA with the combination of pharyngeal 
or tongue base surgery (1.99%). The details 
of the operation were presented in Table 2.  

 
Table2.  Types of the operation in surgical group (n=150).   

Types of the operation n (%) 

TA  131 (87.3) 

Tonsillectomy 12 (8.0) 

TA and lateral pharyngoplasty  2 (1.3) 

TA + Modified UPPP + RFVTR base of 
tongue  

1 (0.7) 

Adenoidectomy  1 (0.7) 

RFVTR inferior turbinate 1 (0.7) 

Lingual tonsillectomy  1 (0.7) 

Supraglottoplasty  1 (0.7) 

 
Abbreviations: TA, adenotonsililectomy; UPPP, uvulopalatopharyngoplasty; RFVTR, radiofrequency volumetric tissue reduction. 

 

The parameters obtained from PSG 
were compared between the surgical and 
non-surgical groups. In terms of sleep 
architecture, the surgical group had a 
significant increase in total sleep time, sleep 
stage N3, and REM (P<0.05), but had a 
significant reduction in sleep stage N2 
(P<0.05) compared to the non-surgical group. 
In terms of respiratory parameters, there was 

a significant increase in the AHI, obstructive 
AHI, apnea index, hypopnea index, the 
longest time of apnea and hypopnea, mean 
oxygen saturation, oxygen desaturation index 
and the total arousal index in surgical group 
compared to non-surgical group (P<0.05). 
The details of PSG parameters were 
presented in Table 3. 

 

 

 

Table3. Comparison of the PSG parameters between surgical and non-surgical group (n=380) 
 

PSG parameter Total (n=380) Surgery (n=150) Non-surgery (n=230) p-value* 

TST, mean ± SD, min 394.63 ± 74.32 405.28 ± 54.49 387.69 ± 84.18 0.014 

SE, mean ± SD, % 86.61 ± 11.40 87.63 ± 10.11 85.94 ± 12.15 0.157 

SL, median (range), min 11.33 (0.00, 184.30) 11.10 (0.00, 140.24) 11.72 (0.00, 184.28) 0.948 
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PSG parameter Total (n=380) Surgery (n=150) Non-surgery (n=230) p-value* 

REM latency, mean ± SD, min 166.57 ± 74.79 159.28 ± 75.04 171.45 ± 74.39 0.126 

Stage N1, mean ± SD, % 6.80 ± 7.08 6.16 ± 6.13 7.22 ± 7.63 0.153 

Stage N2, mean ± SD, % 47.40 ± 11.71 43.50 ± 12.18 49.95 ± 10.68 <0.001 

Stage N3, mean ± SD, % 29.88 ± 11.99 32.72 ± 12.62 28.02 ± 11.21 <0.001 

Stage R, mean ± SD, % 15.47 ± 6.48 16.96 ± 6.25 14.50 ± 6.46 <0.001 

AHIa, median (range), events/h  
       Normal 
       Mild  
       Moderate  
       Severe 

7.60 (0.00, 110.60) 
 

9 (2.4) 
110 (28.9) 
120 (31.6) 
141 (37.1) 

10.40 (0.10, 77.30) 
 

1 (0.7) 
24 (16.0) 
47 (31.3) 
78 (52.0) 

5.70 (0.00, 110.60) 
 

8 (3.5) 
86 (37.4) 
73 (31.7) 
78 (52.0) 

<0.001 

<0.001 

OAHIa, median (range), events/h  
       Normal 
       Mild  
       Moderate  
       Severe 

7.30 (0.00, 110.60) 
 

11 (2.9) 
117 (30.8) 
111 (29.2) 
141 (37.1) 

9.45 (0.10, 77.30) 
 

2 (1.3) 
32 (21.3) 
44 (29.3) 
72 (48.0) 

5.90 (0.00, 110.6) 
 

9 (3.9) 
85 (37.0) 
67 (29.1) 
69 (30.0) 

<0.001 
0.001 

CAIa, median (range), events/h  
       Normal 
       Mild  
       Moderate  
       Severe 

0.10 (0.00, 78.80) 
 

320 (84.2) 
56 (14.7) 
2 (0.5) 
2 (0.5) 

0.10 (0.00, 6.90) 
 

120 (80.0) 
28 (18.7) 
2 (1.3) 
0 (0.0) 

0.05 (0.00, 78.80) 
 

200 (87.0) 
28 (12.2) 
0 (0.0) 
2 (0.9) 

0.054 
0.058 

AI, median (range), events/h 0.45 (0.00, 46.50) 0.90 (0.00, 30.90) 0.30 (0.00, 46.50) <0.001 

HI, median (range), events/h 6.85 (0.00, 77.60) 8.80 (0.10, 66.80) 5.40 (0.00, 77.60) <0.001 

Mean time of apnea, median 
(range), sec 

11.60 (0.00, 55.70) 11.60 (0.00, 55.70) 11.50 (0.00, 40.60) 0.486 

Longest time of apnea, median 
(range), sec 

14.00 (0.00, 137.00) 15.00 (0.00, 137.00) 14.00 (0.00, 74.00) 0.031 

Mean time of hypopnea, mean ± 
SD, sec 

20.20 ± 5.95 20.33 ± 5.52 20.12 ± 6.22 0.740 

Longest time of hypopnea, mean 
± SD, sec 

52.57 ± 25.70 57.38 ± 26.34 49.43 ± 24.84 0.003 

Mean SpO2, mean ± SD, % 96.66 ± 1.93 96.90 ± 1.34 96.50 ± 2.22 0.029 

Min SpO2, mean ± SD, % 85.37 ± 10.39 84.19 ± 9.83 86.14 ± 10.69 0.074 

ODI, median (range), events/h 3.76 (0.00, 98.00) 5.52 (0.00, 66.80) 3.10 (0.00, 98.00) 0.002 

Total arousal index, median 
(range), events/h 

9.80 (0.00, 76.40) 11.85 (3.20, 63.40) 8.85 (0.00, 76.40) <0.001 

12



THAI JOURNAL OF OTOLARYNGOLOGY HEAD AND NECK SURGERY  
Vol. 24 No. 1: Jan - Jun 2023            

Abbreviations: TST, total sleep time; SE, sleep efficiency; REM, rapid eye movement; Mean SpO2, mean oxygen saturation; Min 

SpO2, minimum oxygen saturation; SL, sleep latency; AHI, apnea hypopnea index; OAHI, obstructive apnea hypopnea index; 

CAI, central apnea index; AI, apnea index; HI, hypopnea index; ODI, oxygen desaturation index. 

aAHI, OAHI, and CAI severity were classified as normal, mild, moderate, and severe by using cut-off at less than 1.0, 1.0 to 4.9, 

5.0 to 9.9, and equal or more than 10.0 events/h, respectively. 

*P-value was calculated by unpaired t-test and Mann-Whitney U test. Bold values indicate statistical significance. 

 

The logistic regression of predicting variables 
for the final surgical decision was presented 
in Table 4. In univariate analysis, younger 
age, apnea, struggling symptoms, tonsil size 
3+ and 4+, OAHI ≥ 5 events/h, ODI ≥ 5 
events/h, and total arousal index ≥ 10 
events/h were identified as significant risk 
factors for surgical treatment. However, in 

multivariate analysis, age 2-5 years (OR=5.22, 
95% CI: 1.97–13.83, P=0.001), tonsil size 3+ 
and 4+ (OR=14.91, 95% CI: 8.02–27.73, 
P<0.001), OAHI 5-9.9/h (OR = 3.03, 95% CI: 
1.40–6.54, P=0.017), and OAHI ≥ 10/h 
(OR=2.60, 95% CI: 1.02–6.60, P=0.017) were 
significant risk factors for surgical treatment. 

 
 

Table 4. Logistic regression for the factors influencing the surgical decision. 
 

Factor Univariable analysis Multivariable analysis 

Unadjusted odds ratio 
(95% CI) 

p-value* Adjusted odds ratio 
(95% CI) 

p-value** 

Age (years) 
     2 – 5  
     >5 – 12 
     >12 

 
8.39 (3.99, 17.64) 
3.17 (1.65, 6.10) 

1.00 

<0.001  
5.22 (1.97, 13.83) 
1.83 (0.78, 4.26) 

1.00 

0.001 

Nutritional status, n (%)a 
     Obesity (>+2SD) 
     Overweight(+1SD - +2SD) 
     Normal (-2SD - +1SD) 
     Underweight (<-2SD) 
     Missing data 

 
143 (37.7) 
61 (16.1) 
151 (39.8) 
24 (6.3) 
1 (0.3) 

0.203 
 

 
86 (37.6) 
42 (18.3) 
83 (36.2) 
18 (7.9) 

0.059 

Apnea  2.46 (1.50, 4.04) <0.001 2.15 (0.99, 4.63) 0.052 

Struggle 2.24 (1.40, 3.60) 0.001 1.63 (0.77, 3.44) 0.199 

Tonsil size  <0.001  <0.001 
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     1+ and 2+ 
     3+ and 4+ 

1.00 
12.42 (7.48, 20.62) 

1.00 
14.91 (8.02, 27.73) 

OAHI 
     < 5 events/h 
     5 – 9.9 events/h 
    ≥ 10 events/h 

 
1.00 

1.82 (1.05, 3.14) 
2.89 (1.73, 4.82) 

<0.001  
1.00 

3.03 (1.40, 6.54) 
2.60 (1.02, 6.60) 

0.017 

AI ≥ 1 events/h 2.45 (1.59, 3.77) <0.001 - - 

AI ≥ 5 events/h 2.21 (1.09, 4.46) 0.030 - - 

HI ≥ 5 events/h 2.71 (1.71, 4.29) <0.001 - - 

Min SpO2 1.13 (0.99, 1.29) 0.053 1.00 (0.97, 1.03) 0.871 

ODI ≥ 5 events/h 1.85 (1.21, 2.81) 0.004 0.54 (0.26, 1.13) 0.100 

Total arousal index ≥ 10 events/h 2.09 (1.38, 3.18) 0.001 0.65 (0.34, 1.26) 0.205 

 
Abbreviations: CI: confidence interval; OAHI, obstructive apnea hypopnea index; AI, apnea index; HI, hypopnea index; Min SpO2, 
minimum oxygen saturation; ODI, oxygen desaturation index. 
*P-value was calculated by univariate logistic regression 
**P-value was calculated by multivariate logistic regression. Only significant variables were taken into multivariate logistic 
regression and shown in the table. AI ≥ 1, AI ≥ 5, HI ≥ 5 events/h were not included in multivariate analysis because these 
parameters were included in OAHI. 
Bold values indicate statistical significance. 
 

Discussion 
This study demonstrated the risk 

factors for surgical decisions in children with 
SDB who underwent PSG. The predictive 
factors for surgical decision in our study 
included age 2-5 years, tonsil size 3+ and 4+, 
and OAHI ≥ 5 events/h. All of the factors 
were consistent with previously published 
reports.14  

Age has long been recognized as an 
important factor in the development and 
management of SDB, as well as the revision 
of TA and residual SDB. However, 
Bhattacharjee et al. concluded that residual 

disease is present in a large proportion of 
children after TA, particularly among older 
(age > 7 years) or obese children.24 In our 
study, children with age 2-5 years were 
determined to be more likely to receive 
surgery, as compared with the older age 
group. This result was consistent with 
previous studies that TA was more 
commonly observed in younger children 25 
and the incidence of SDB significantly 
decreased with children's age.26  

As we know that tonsil size is one of 
the most clinically relevant parameters for 
diagnosing OSA in children. In our study, 
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tonsil size 3+ and 4+ had a significant 
influence on the final surgical decision. The 
previous study also concluded that tonsil 
size is one of the most significant parameters 
for diagnosing OSA, in comparison to a PSG 
and correlation with AHI.27 In our center, SDB 
children with comorbidities, discordance 
between history and physical examination, or 
caregivers’ preference undergo PSG before 
TA according to the AAO-HNS guidelines.10,11 
Otherwise normal children with 
adenotonsillar hypertrophy can undergo TA 
without preoperative PSG if the caregivers 
agree with the treatment plan. 

Despite the most important PSG 
parameter for treatment decisions whether 
the patients should undergo surgery being 
AHI, other PSG parameters should be used 
for decision planning as well. In this study, 
the respiratory parameters including the 
percentage of sleep stages, AHI, OAHI, and 
mean SpO2 were significantly different 
between the surgical and non-surgical 
groups, with higher severity in the surgery 
group. After multivariate analysis, OAHI ≥ 5 
events/h was considered significant for 
surgical decisions. This finding might be 
related to the previous publication that this 

AHI cut‐off value has been associated with 

substantial increases in the risk of 
cardiovascular and cognitive morbidities.28-30  

In addition, we found that the total 
sleep time, percentage of stage N3 (deep 
sleep), and percentage of stage REM were 
substantially higher in the surgery group. 
However, these results were different from 
the previously published literature stating 
that sleep architecture was globally 
preserved in children with OSA.31 The reason 
might because the previous literature 
compared the sleep architecture between 
children with OSA and control group, while 
we compared the sleep parameters between 
the surgical and non-surgical groups. 
However, most of our patients in both 
surgical and non-surgical group were 
diagnosed with OSA, with more severe 
disease in the surgical group. The longest 
time of hypopnea and the longest time of 
apnea showed a significantly higher in the 
surgical group, which is correlated with the 
previous study that the patients with OSA 
with long average duration were found to 
have more negative effects of sleep apnea 
than the patients with short average 
duration.32 Among the parameters of oxygen 
saturation, only mean SpO2 and ODI were 
proved to be significantly different between 
surgical and non-surgical groups in this study. 
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Tsai et al. reported that the desaturation 
index had the highest correlation with AHI 
and may be a good tool for predicting both 
the presence and the severity of OSA in 
children.33  

This study has some potential 
limitations. First, this study was done in a 
tertiary care hospital. So, the patient 
population may not represent the patients in 
primary care hospitals in other parts of 
Thailand. Second, we included only patients 
with SDB who underwent PSG in our hospital. 
In addition, several patients who underwent 
surgery without preoperative PSG were not 
included. Third, the data were 
retrospectively reviewed. The treatment 
decision for each patient was already done 
and we tried to find the potential risk factors 
for the previous decision. So, this research 
may have a selection bias. 
Conclusion  

Both clinical and PSG parameters 
should be taken into consideration in the 
treatment decision for pediatric patients with 
SDB, especially age, tonsils size, and 
obstructive AHI. The integration of this 
information would be useful for decision 
planning on whether patients should 
undergo surgical treatment. However, a 
prospective multicenter study with a larger 

sample size to create comprehensive care for 
patients with SDB is needed in the future. 
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