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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: The adenoids and palatine tonsils, part of the 

lymphoid tissue, act as a first line of defense protecting the lower 
airways and gastrointestinal tract. Adenotonsillar hypertrophy 
in children may lead to airway obstruction. This study aims to 
demonstrate the association between adenotonsillar hypertrophy 
and decreased blood oxygen saturation.

Methods: A retrospective cohort study was conducted among 
children aged 7-12 years with adenotonsillar hypertrophy 
and obstructive symptoms, admitted to King Fahad Hospital 
and Prince Mishari Hospital, Saudi Arabia, for tonsillectomy 
between July 2023 and January 2024. Exclusion criteria included 
respiratory diseases, cardiac disease, nasal polyps, nasal 
septum deviation, chest wall abnormality, and lower airway 
diseases. The control group included 56 healthy children. An 
otolaryngologist determined the severity of airway obstruction 
using the tonsil size. Oxygen saturation was measured using 
pulse oximetry. The determinants of oxygen saturation were 
assessed using multiple linear regression, with significance set 
at p < 0.05.

Results: The study included 357 participants, with an 
even age distribution between 7-9 years (49.6%) and 10-12 
years (50.4%), and 52% males. Diagnoses included adenoid 
hypertrophy (30%), tonsil hypertrophy (35%), both conditions 
(19%), and the control group (16%). Tonsil sizes ranged from 
Grade 1 (48%) to Grade 4 (8.4%), with 17% normal. The 
median oxygen saturation was 96.0% for the adenotonsillar 
hypertrophy group and 99.0% for the control. Oxygen saturation 
levels differed significantly across groups (p < 0.0001), with 
lower median saturation in hypertrophy groups than controls. 
Males had a lower oxygen than females (estimate: -0.338, 
95% CI [--0.640, -0.036], p = 0.028). Adenoid hypertrophy 
(estimate: -3.863, 95% CI [-5.241, -2.484], p < 0.001), tonsil 
hypertrophy (estimate: -3.631, 95% CI [-5.053, -2.208], p < 
0.001) and having both conditions (estimate: -3.777, 95% CI 
[-5.3.7, -2.247], p < 0.001) was associated with lower oxygen 
saturation. Grade 1 tonsil size was associated with an increase 
in oxygen saturation (estimate = 2.905, 95% CI [1.616, 4.194], 
p < 0.001). In contrast, Grade 4 tonsil size was linked to lower 
oxygen saturation (estimate= -4.848, 95% CI [-6.367, -3.329], p 
< 0.001). Grades 2 and 3 were not significantly associated with 
changes in oxygen saturation.

Conclusion: Adenotonsillar hypertrophy is significantly 
associated with decreased blood oxygen saturation and 
related cardiopulmonary complications in children. Early 
adenotonsillectomy may be of benefit in preventing these 
complications and improving oxygen saturation levels.

Key words. Adenotonsillar hypertrophy, blood oxygen 
saturation, adenotonsillectomy, airway obstruction, pediatric 
otolaryngology, sleep apnea, cardiopulmonary complications.
Introduction.

The adenoids and palatine tonsils are lymphoid structures 
in the nasopharynx and oropharynx, respectively, and are 
part of Waldeyer’s ring. They belong to the body's mucosa-
associated lymphoid tissue and are located at the entrance of 
the upper aerodigestive tract. These structures serve as part of 
the body's first line of defense, protecting the lower airways and 
gastrointestinal tract and aiding in the development of antigenic 
memory by the host [1].

Several factors, such as chronic bacterial or viral infections and 
passive cigarette smoke, can cause adenotonsillar hypertrophy 
in children [2]. The size of the adenoids and tonsils varies 
among children but generally reaches its maximum between 
3 and 6 years, after which they begin to atrophy [3]. This age 
range coincides with the period when infections of the adenoids 
and tonsils are most frequent [4].

Repeated infections of the adenoids and tonsils occur in 
children who have not yet developed immunity. Even after 
infections resolve, residual enlargement of the lymphoid tissues 
may persist, narrowing the nasopharyngeal and oropharyngeal 
tracts. The combined effect of muscular hypotonia during sleep 
and adenotonsillar enlargement due to infections and antigenic 
stimulation can synergistically narrow the airway, leading to 
decreased pulmonary oxygenation or obstructive sleep apnea 
(OSA) [4].

Large tonsils are associated with symptoms of airway 
obstruction, including mouth breathing, snoring, sleep apnea, 
nighttime coughing, hyponasal speech, sinusitis, and recurrent 
otitis media [5]. In severe cases, patients may develop cor 
pulmonale, pulmonary artery hypertension, or reduced alveolar 
ventilation, which can recur after adenotonsillectomy [6]. Severe 
upper airway obstruction can lead to cor pulmonale, ventilation 
disorders, reduced alveolar ventilation, chronic hypercapnia, 
hypoxia, respiratory acidosis, pulmonary artery stenosis, right 
ventricular dilatation, and heart failure [7-9]. Removal of airway 
obstruction by adenotonsillectomy reverses these conditions 
[10]. One study found that children with adenoid and/or tonsillar 
hypertrophy had significantly (P < 0.001) lower basal SpO2 
levels than healthy controls [11]. Another study found that 
children without adenotonsillar enlargement had better oxygen 
saturation profiles than those with enlargement [12].

This study aims to demonstrate the association between 
tonsillar or adenoidal hypertrophy and decreased blood 
oxygen saturation, along with subsequent cardiopulmonary 
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complications. Early recommendations for adenoidectomy 
and tonsillectomy may be beneficial in preventing these 
complications.
Materials and Methods.
Study design, population and settings:

A retrospective cohort study was conducted among children 
aged 7-12 years presented with adenoid and/or palatine tonsils 
hypertrophy with obstructive symptoms admitted to King Fahad 
Hospital and Prince Mishari Hospital, AlBaha, Saudi Arabia, 
for tonsillectomy. Children with respiratory diseases, cardiac 
disease, nasal polyps, nasal septum deviation, chest wall 
abnormality and lower airway diseases were excluded from the 
study. 

We employed a total coverage of all children presented to the 
selected hospitals between July 2023 and January 2024 who 
met the inclusion/exclusion criteria. Data were retrieved from 
electronic medical records and paper files. The children were 
examined by an otolaryngologist who determined the size of 
the tonsils according to the following criteria: the size ranged 
between +1 and +4 based on oropharyngeal obstruction of 25%, 
50%, 75%, and >75%, respectively. Documented factors such 
as breathing through the mouth instead of the nose, constantly 
running nose, Nasal speech, Snoring, Sleep apnea, and 
Restlessness during sleep were retrieved from the medical files. 
We included 56 healthy children from primary school students 
with matched age and sex without adenoids and/or palatine 
tonsils hypertrophy as a control group who were also examined 
by the same otolaryngologist. Patients and control groups were 
subjected to Pulse oximeters to measure their O2 saturation.
Ethical consideration.

The Research Ethical approval was obtained from the Research 
Ethical Committee at the University (IRB.No: REC/PHA/BU-
FM/2023/38). Written informed consent was obtained from the 
children's parents, and they will not participate until they give 
full approval. The children's anonymity, privacy, security, and 
confidentiality were maintained, and their information was used 
for scientific purposes only.
Analytical plan.

The data was collected, checked for completeness and coded 
in an Excel sheet. The data was analyzed using SPSS software 
version 27 (Statistical Product and Service Solutions, SPSS 
Inc, Chicago, IL, USA). Continuous variables were presented 
as a median and interquartile range, while categorical variables 
were expressed as numbers and percentages. Data normality 
was assessed using histograms and the Shapiro-Wilks test. 
The Kruskal-Wallis rank sum test was employed to identify 
the association between adenoids and/or palatine tonsils 
hypertrophy and oxygen saturation. Multiple linear regression 
was used to assess the determinants of oxygen saturation. The 
significance level is set at p < 0.05.
Results.

The study comprised 357 participants. The age was nearly 
equally distributed between 7-9 years (49.6%) and 10-12 years 
(50.4%), with more than half (52%) being males. Regarding 
diagnoses, 30% had adenoid hypertrophy, 35% had tonsil 

hypertrophy, 19% had both adenoid and tonsil hypertrophy, and 
16% were in the control group.

Table 1. Demographic and clinical characteristics of study participants.
Characteristic n (%)
Age
7-9 years 177 (49.6%)
10-12 years 180 (50.4%)
Gender
Female 172 (48%)
Male 185 (52%)
Diagnosis
Adenoid hypertrophy 108 (30%)
Tonsil hypertrophy 125 (35%)
Both 68 (19%)
Neither (control group) 56 (16%)
Tonsil Size
Grade 1 173 (48%)
Grade 2 57 (16%)
Grade 3 36 (10%)
Grade 4 30 (8.4%)
Normal 61 (17%)
Oxygen saturation of adenotonsillar 
hypertrophy group* 96.0 (93.0, 98.0)

Oxygen saturation of control group* 99.0 (97.0, 100.0)
*Median (IQR)

Table 2. Prevalence of Respiratory and Sleep-Related Symptoms in 
adenotonsillar hypertrophy participants.
Characteristic N = 3011

Breathing through the mouth instead of the nose
No 52 (17%)
Yes 249 (83%)
Constantly running nose
No 79 (26%)
Yes 222 (74%)
Nasal speech
No 148 (49%)
Yes 153 (51%)
Snoring
No 205 (68%)
Yes 96 (32%)
Sleep apnea
No 240 (80%)
Yes 61 (20%)
Restlessness during sleep
No 252 (84%)
Yes 49 (16%)
1n (%)

Regarding Tonsil size, 48% had Grade 1, 16% had Grade 
2, 10% had Grade 3, 8.4% had Grade 4 and 17% had normal 
tonsil size. The median oxygen saturation was 96.0% for the 
adenotonsillar hypertrophy group and 99.0% for the control 
group. Table 1 Among adenotonsillar hypertrophy children, 83% 
reported breathing through the mouth instead of the nose, while 
74% had a constantly running nose. Nasal speech was present 
in 51%, whereas Snoring was reported by 32%. Sleep apnea 
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0.001) and having both conditions (estimate: - 3.777, 95% CI 
[-5.3.7, -2.247], p < 0.001) was associated with a decrease in 
oxygen saturation levels. Tonsil size also significantly impacted 
oxygen saturation. Grade 1 tonsil size was associated with 
an increase in oxygen saturation (estimate = 2.905, 95% CI 
[1.616, 4.194], p < 0.001). In contrast, Grade 4 tonsil size was 
linked to a decrease in oxygen saturation (estimate= - 4.848, 
95% CI [-6.367, -3.329], p < 0.001). Grades 2 (p = 0.819) and 
3 (p = 0.965) were not significantly associated with changes 
in oxygen saturation. Snoring was associated with decreased 
oxygen saturation (estimate = -0.608, 95% CI [-1.082, -0.135], 
p = 0.012). Sleep apnea (p = 0.093) and Breathing through 
the mouth instead of the nose (p = 0.125) did not significantly 
associate with oxygen saturation levels Table 3.

was observed in 20% and Restlessness during sleep affected 
16%. Table 2 The Kruskal-Wallis test indicates a significant 
difference in oxygen saturation levels across the groups (χ² = 
152.20, p < 0.0001). Participants with adenoid hypertrophy had 
a median oxygen saturation of approximately 97, Participants 
with tonsil hypertrophy had a median oxygen saturation of 
96, Those with both adenoid and tonsil hypertrophy showed a 
median oxygen saturation of 92 and the control group exhibited 
a higher median oxygen saturation of 99. Figure 1 Gender 
was a significant predictor of oxygen saturation levels, with 
males showing a decrease in oxygen saturation compared to 
females (estimate: -0.338, 95% CI [--0.640, -0.036], p = 0.028). 
Regarding diagnoses, adenoid hypertrophy (estimate: -3.863, 
95% confidence interval (CI) [-5.241, -2.484], p < 0.001), tonsil 
hypertrophy (estimate: -3.631, 95% CI [-5.053, -2.208], p < 

Variable Category Estimate Standard Error Confidence interval P value
Intercept 98.532 0.202 98.134, 98.930 <0.001
Gender Male -0.338 0.154 -0.640, -0.036 0.028
Diagnosis

Adenoid hypertrophy -3.863 0.701 -5.241, -2.484 <0.001
Tonsil hypertrophy -3.631 0.723 -5.053, -2.208 <0.001
Both -3.777 0.778 -5.3.7, -2.247 <0.001

Tonsil Size
Grade 1 2.905 0.655 1.616, 4.194 <0.001
Grade 2 0.156 0.682 -1.185, 1.498 0.819
Grade 3 -0.031 0.718 -1.443, 1.380 0.965
Grade 4 -4.848 0.772 -6.367, -3.329 <0.001

Breathing through the mouth instead of 
the nose Yes -0.35 0.227 -0.796, 0.097 0.125

Snoring Yes -0.608 0.241 -1.082, -0.135 0.012
Sleep apnea Yes -0.393 0.234 -0.853, 0.066 0.093

Table 3. Predictors of oxygen saturation.

Figure 1. Impact of Adenoid and Tonsil Hypertrophy on Oxygen Saturation.
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Discussion.
Recurrent infection and allergens exposure in children 

results in adenoids and tonsils enlargement [13,14]. Adenoid 
hypertrophy was linked with several conditions, including 
sleep apnea, chronic serous otitis and sinusitis [15]. Moreover, 
tonsillar enlargement causes upper airway obstruction, resulting 
in mouth breathing and limited airflow [16]. In this study, we 
assessed the effect of enlarged adenoids and tonsils on blood 
oxygen (O2) saturation in children attending primary schools in 
the Al Baha area.

We found a significant difference in oxygen saturation across 
the groups, and all three groups with tonsillar hypertrophy, 
adenoid hypertrophy and adenotonsillar hypertrophy were 
associated with significant reduction in oxygen saturation. 
The control group showed an oxygen saturation level of 99. 
However, those with adenoid and tonsil hypertrophy showed 
a median oxygen saturation of 92, the lowest level. A previous 
study by Yadava et al. showed a lower oxygen saturation 
level (75.00) among children with adenotonsillar enlargement 
[17]. Another study by Mbam et al. reported a higher oxygen 
saturation (96.86) in children with adenotonsillar enlargement 
[18]. Despite the difference in oxygen levels in these studies, 
similar to our findings, both demonstrated a significantly lower 
saturation in the adenotonsillar enlargement group compared 
to the control group. Participants with tonsil hypertrophy had a 
median oxygen saturation of 96, and participants with adenoid 
hypertrophy had a median oxygen saturation of approximately 
97. A previous study by Mora et al. on children with tonsillar 
enlargement and obstructive sleep apnea syndrome reported 
lower oxygen saturation levels of 79% that rose to 95% after 
adenotonsillectomy [19]. Moreover, Khalifa et al. showed an 
oxygen saturation level of 89.4 among children with adenoid 
enlargement, which improved to 93.5 after adenoidectomy 
[20]. The later studies included fewer participants starting from 
the age of 2 and 3 years, which may explain the lower oxygen 
saturation level. The association between tonsillar size and 
oxygen saturation was varied, with grade 1 showing a significant 
increase in oxygen saturation level and grade 2 and 3 tonsillar 
size showing some degree of reduction in oxygen saturation that 
was not statistically significant. However, grade 4 tonsillar size 
was associated with a significant reduction in oxygen saturation. 
These differences indicate a significant reduction of oxygen 
saturation with the increase in tonsillar size, which signifies 
the need for tonsillectomy for grade 4 tonsillar size to improve 
oxygen saturation and other obstructive symptoms. Similarly, 
a previous study by Nakata et al. also showed that tonsillar 
size affects the improvement of the apnoea–hypopnoea index 
after tonsillectomy, with the most improvement in patients with 
grade 3 and grade 4 tonsillar size [21]. Breathing from the mouth 
instead of the nose and sleep apnea showed a slight reduction 
in oxygen saturation. However, snoring and male gender were 
associated with a significant reduction in oxygen saturation. 
As previously shown by Wali et al., the severity of obstructive 
sleep apnea is significantly associated with the degree of oxygen 
saturation [9]. Moreover, mouth breathing was associated with 
an increased incidence of hypoxemia and increased severity of 
obstructive sleep apnea [22,23].

Limitations: our study provides a comprehensive overview 
of the effect of enlarged adenoids and tonsils on blood oxygen 
(O2) saturation in children. However, the small sample size and 
small number of participants included in the control group limit 
the generalizability of our results and more studies are needed 
to validate our findings further.
Conclusion.

The study suggests that surgical intervention may be 
particularly beneficial for patients with adenoid hypertrophy, 
significant tonsil hypertrophy (especially Grade 4), and snoring, 
as they are associated with decreased oxygen saturation.
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