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 Background: The aim of this study was to investigate the efficacy of low-temperature plasma-assisted bilateral or unilater-
al tonsillectomy (LTPABT or LTPAUT) and adenoidectomy in treatment of children with obstructive sleep apnea 
hypopnea syndrome (OSAHS).

 Material/Methods: The present observational cohort study included a total of 244 children with OSAHS during December 2017 to 
December 2018. The patients were divided into the LTPABT group, the LTPAUT group, and the control group 
that received traditional bilateral tonsillectomy and adenoidectomy. The apnea hypopnea index (AHI) and the 
lowest oxygen saturation (LSaO2) were measured. The patients’ pain condition was determined using the Visual 
Analog Score (VAS) and intraoperative indices were collected. Patients’ quality of life was assessed by OSA-18 
scale and patients’ immune function was determined.

 Results: The postoperative VAS scores were remarkably lower in the LTPABT and LTPAUT groups. At 6 months after sur-
gery, the AHI significantly had decreased and LSaO2 levels were significantly enhanced for all groups, and the 
AHI was significantly lower and LSaO2 was markedly higher in the LTPABT group. The ratio of patients with ef-
ficacy of cured and remarkably effective was remarkably higher in the LTPABT group. The rates of postopera-
tive hemorrhage and infection were significantly lower in the LTPABT and LTPAUT groups, and 4 cases showed 
tonsillar hyperplasia. OSA-18 scores were lowest in the LTPABT group. No significant difference was found in 
levels of IgM, IgA and IgG, and T lymphocyte subtypes.

 Conclusions: The low-temperature plasma-assisted bilateral tonsillectomy combined with adenoidectomy had the best ef-
ficacy. None of the surgery methods influenced the patients’ immune function.
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Background

Obstructive sleep apnea hypopnea syndrome (OSAHS), de-
fined as repeated upper respiratory tract obstruction during 
sleep, can cause a series of syndromes, including snoring, ap-
nea, and hypoventilation, as well as hypoxemia and hypercap-
nia [1-3]. Delayed treatment of OSAHS can lead to dysfunction 
of many organs, such as the endocrine system, cardiovascular 
system, and nervous system. It is reported that the prevalence 
of OSAHS is 2~4% in adults, and in children the incidence rate 
is 1~2% [4,5]. Adenotonsillar hypertrophy (ATH) accounts for 
more than 75% of OSAHS patients [6,7].

The treatment for OSAHS includes surgical and non-surgical 
methods, in which the non-surgical treatment mainly includes 
weight loss, exercise, cessation of smoking and alcohol con-
sumption, changing sleep position, continuous positive air-
way pressure ventilation, oral appliances, electrical stimulation 
therapy, behavior therapy, and drug therapy [8-11]. Currently, 
surgery is still the main treatment method for OSAHS [12]. In 
recent decades, many surgical methods have been developed 
for treatment of OSAHS, such as uvulopalatopharyngoplasty, 
Z-shaped palatopharyngoplasty, correction of nasal septum, 
radiofrequency ablation of the turbinate, removal of nasal 
polyps, radiofrequency ablation of tongue base, Pillar implan-
tation, repose tongue base traction, hyoid osteotomy, and tra-
cheotomy [13-17]. For children with ATH, tonsillectomy and 
adenoidectomy are the most common methods for treating 
OSAHS [18]. It was found that tonsillectomy and adenoidecto-
my can significantly improve the apnea hypopnea index (AHI) 
in OSAHS children [19], and the long-term efficacy of tonsil-
lectomy was also sufficient to relieve obstruction while main-
taining immunological function [20].

However, up to now, there are limited clinical data on differ-
ences between low-temperature plasma-assisted bilateral and 
unilateral tonsillectomy (LTPABT or LTPAUT) combined with ad-
enoidectomy, and their effects on postoperative immunologi-
cal function are also unclear. In the present study, we assessed 
and compared the efficacy of LTPABT, LTPAUT, and tradition-
al method combined with adenoidectomy. This research may 
provide more clinical evidence for low-temperature plasma-as-
sisted bilateral or unilateral tonsillectomy in OSAHS treatment.

Material and Methods

Patients

The present observational cohort study included a total of 244 
pediatric patients with OSAHS who went to our department 
from December 2017 to December 2018. All patients were 
diagnosed with OSAHS according to the draft guidelines for 

diagnosis and treatment of OSAHS in children by the Chinese 
Medical Association. The diagnostic criteria included: 1) patients 
with clinical syndrome of sleep apnea, mouth breathing, snoring, 
which can be alleviated or not after turning over, and sometimes 
can be accompanied by daytime sleepiness and inattention; 2) 
patients with bilateral tonsillar enlargement of II° to III°; 3) ad-
enoid hypertrophy was found by CT or lateral radiograph of na-
sopharynx or electronic nasopharynx; 4) during sleep, the ob-
structive apnea index (OAII) was measured as >1/h or the apnea 
hypopnea index (AHI) was measured as ≥5/h by polysomnogra-
phy (PSG, Rembrandt Embla-32, Embla-Rembrandt, Iceland), and 
the lowest oxygen saturation (LSaO2) <92%. Patient who met di-
agnostic criteria 1-3 or 4 could be diagnosed as having OSAHS. 
The severity of OSAHS was defined as: AHI 5~15 as mild, LSaO2 
85~89% as moderate, and AHI 15~30 with LSaO2 <80% as se-
vere. The exclusion criteria included: 1) patients with abnormal 
airway anatomy except for adenoid and tonsillar hypertrophy; 
2) patients with respiratory tract infection within 2 weeks be-
fore surgery; 3) congenital maxillofacial deformity; 4) patients 
with history of otorhinolaryngology surgeries; 5) patients with 
chronic tonsillitis or other otorhinolaryngological related inflam-
mation; 6) patients with nasal polyps, turbinate hypertrophy, si-
nusitis, and other causes of nasal stenosis; 7) patients with im-
mune system disease such as thyroiditis, myocarditis, nephritis, ot 
hepatitis. All patients were children <14 years. Written informed 
consent was obtained from the parents of all patients. The pres-
ent study was approved by the Ethics Committee of Shanghai 
Children’s Medical Center, Shanghai Jiao Tong University School 
of Medicine, approval number SCMCIRB-W2021001.

Surgery strategy

All patients were divided into 3 groups according to the surgery 
strategies: 1) the LTPABT group, which received LTPABT and 
adenoidectomy; 2) the LTPAUT group, which received LTPAUT 
and adenoidectomy; and 3) the control group, which received 
traditional bilateral tonsillectomy and adenoidectomy. The sur-
gery strategies were selected based on the patients’ condition 
and parents’ willingness. For sample size calculation, the for-
mula  was used. We used the AHI level 6 months af-
ter surgery as the main variable and AHI decreased ³25% (the 
value was estimated as 5 according to our experience) as ef-
fective. The mean AHI level was about 9.0±5.0 6 months after 
surgery according to clinical experience. Thus, d=4, s=5 a=0.05, 
and b=0.10, and the minimal sample size was 65.

For all groups, patients received routine tests, including whole-
blood test, electrocardiogram, liver and kidney function, be-
fore surgery. The surgeries were performed under general an-
esthesia with endotracheal intubation for all groups. For severe 
OSAHS patients, nasal continuous positive airway pressure 
ventilation (CPAP) was used for 5~7 days to improve the hy-
poxia condition of the patients.
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For the LTPABT group, after anesthesia, patients were placed 
in supine position. The operation area was disinfected with 
75% alcohol and a normal sterile towel was used to spread 
the sheet. A Davis mouth-gag was put to the mouth for fixa-
tion and bilateral tonsils were exposed. The integrated plas-
ma radiofrequency cutter head (Arthro Care Corporation, USA) 
was used with foot-controlled electrocoagulation to resect the 
tonsils from the upper pole to the lower pole along the bilat-
eral tonsillar capsule. The electric switch was adjusted to 7~8 
gears and the coagulation mode was adjusted to 3~4 gears. 
The resection was performed along with hemostasis. The cath-
eter was passed out from the front nostril through the naso-
pharynx and suspended in the soft palate, and was fixed with 
hemostatic forceps. Then, the hypertrophic adenoids were ab-
lated by cryoplasma assisted by a 70° nasal endoscopy. After 
the posterior nostril was entirely exposed, electrocoagulation 
hemostasis was performed, followed by oral secretions clean-
ing, bleeding check, and instrument removal. The surgical du-
ration was measured from the start of the mucosal incision to 
the end of the surgery. For the LTPAUT group, the same proce-
dure was performed but only 1 tonsil on 1 side was resected.

For the control group, the patients were also placed in supine 
position. The operation area was disinfected with 75% alcohol 
and a normal sterile towel was used to spread the sheet. After 
fixation by Davis mouth-gag and exposure of bilateral tonsils, 
an incision was made at the position of 2 mm along the palato-
pharyngeal arch with a sickle knife, and the tonsil capsule was 
separated. The tonsil capsule was stripped down and separat-
ed to the root, and was then resected using a snare. The he-
mostasis was performed by compression hemostasis or elec-
trocoagulation, or suture hemostasis if necessary. Then, the 
index finger of the left hand was extended to the nasophar-
ynx and the hypertrophic adenoids was scraped using a cu-
rette. After hemostasis, oral secretions were cleaned, followed 
by bleeding check and instrument removement.

To reduce postoperative pain, all patients received a subman-
dibular cold compress using a soft ice bag, as well as nurs-
ing treatment including patient education, attention transfer, 
and eating honey.

Data Measurement and Collection

All patients received PSG measurement before the surgery as 
well as 6 months after surgery. The postoperative examina-
tion was accomplished by another physician rather than the 
main surgeon. The PSG measurement was conducted using a 
Rembrandt Embla-32 instrument (Embla-Rembrandt, Iceland) 
while sleeping for at least 7 h [21]. The main clinical outcomes 
were defined as: cured as AHI <5 and LSaO2 >90% with no syn-
drome, remarkably effective as AHI <20 or the reduction of AHI 
³50% and the syndrome improved, effective as the reduction 

of AHI ³25% and the syndrome improved, and not effective 
as AHI <25% and no obvious change of syndrome.

After surgery, patients’ pain condition was determined using 
the Visual Analog Score (VAS) at 12 h, 24 h, and 48 h after 
the operation. For patients age <6 years, the VAS test was ac-
complished under the help of their parents. During the inter-
view, children ³6 years were asked if they had any pain, and 
children age 4~6 years were asked about this with the help of 
parents [22]. Patients’ intraoperative indices including surgical 
time and blood loss were recorded. The duration of complete 
shedding of tonsil leucorrhea was recorded. Patients’ quality 
of life was assessed by OSA-18 scale before and at 6 months 
after surgery [23].

For patients’ immune function, the peripheral blood samples 
of all patients were collected before the surgery as well as at 
3 months, 6 months, and 12 months after surgery. The levels 
of IgM, IgA, and IgG were measured by immunoturbidimetry 
using an automatic biochemical analyzer (OlympusAU4500). 
The T lymphocyte subsets (ratios of CD4+, CD8+, natural kill-
er (NK) cells, and CD4+/CD8+) were measured by flow cytom-
etry using a flow cytometer (BD FACSCanto II) [24].

Patients’ postoperative complications, including hemorrhage, 
wound infection, and tonsillar hyperplasia, were recorded. All 
patients were followed up for 12 months.

Statistical Analysis

The measurement data was expressed by mean±SD. Comparison 
among 3 groups were performed using one-way analysis of 
variance (ANOVA) followed by Tukey post hoc test. The rates 
were compared using the chi-square test. P<0.05 was consid-
ered as indicating a statistically significant difference. All cal-
culations were made using SPSS 18.0.

Results

Basic Clinical Characteristics and Intraoperative Indices

As shown in Table 1, the present study included 244 OSAHS 
pediatric patients (age 4~14 years) with 81 cases in the LTPABT 
group, 75 cases in the LTPAUT group, and 88 cases in the con-
trol group. The patients who were lost to follow-up or quit the 
study were already excluded. No significant difference was 
found in age, sex, or OSAHS severity among the 3 groups of 
patients. For patients’ intraoperative indices, it was found the 
surgical time was significantly shorter, and the blood loss was 
markedly less in the LTPABT and LTPAUT groups compared with 
the control group (P<0.05). However, no significant difference 
was found between the LTPABT and LTPAUT groups.
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VAS Scores and Duration of Complete Shedding of Tonsil 
Leucorrhea

VAS scores and duration of complete shedding of tonsil leu-
corrhea were compared among the groups. At 12 h, 24 h, and 
48 h after surgery, the VAS scores were remarkably lower in 
the LTPABT and LTPAUT groups compared with the control 
group (P<0.05, Table 2). However, the tonsil leucorrhea shed-
ding time showed no significant difference. No significant dif-
ference was found between the LTPABT and LTPAUT groups. 
These results indicated that both LTPABT and LTPAUT could 
reduce parents’ postoperative pain condition.

PSG Results and Prognosis

As shown in Table 3, no significant difference was found for 
AHI and LSaO2 levels before surgery. At 6 months after surgery, 
the AHI significantly decreased and LSaO2 levels significantly 
increased compared with levels before surgery for all groups 
(P<0.05). AHI was significantly lower and LSaO2 was marked-
ly higher in the LTPABT group compared with the LTPAUT and 
control groups at 6 months after surgery (P<0.05). The ra-
tio of patients with efficacy of cured and remarkably effec-
tive (50 cases 61.73%) was remarkably higher in the LTPABT 
group compared with the LTPAUT and control groups (27 cas-
es 36.00% and 37 cases 42.05%) (P<0.05). No significant dif-
ference was found for patients for whom treatment was not 
effective (6 cases 7.41% in the LTPABT group, 7 cases 9.33% 
in the LTPAUT group, and 6 cases 6.82% in the control group). 

The rates of postoperative hemorrhage and infection were sig-
nificantly lower in the LTPABT and LTPAUT groups (P<0.05). All 
cases of hemorrhage were posthemorrhage, and the symptom 
disappeared after application of routine hemostasis methods 
like pressure and ice treatment. All hemorrhages were mild 
(stage I) according to the classification of hemorrhage follow-
ing tonsillectomy [25]. In the LTPAUT group, 4 cases showed 
tonsillar hyperplasia within 12 months after surgery along with 
hyperplasia of the lateral pharyngeal cord on the surgery side. 
No other significant difference was found between the LTPAUT 
and control groups.

The patients’ quality of life by OSA-18 scale showed that 6 
months after surgery, all scores, including scores of sleep dis-
orders, body syndrome, emotion, daytime function, effects on 
guardian, and total scores, were markedly lower compared with 
the levels before surgery for all groups (all P<0.05, Table 4). 
However, scores of sleep disorders and body syndrome, as well 
as total scores were significantly lower in LTPABT patients than 
in the other groups (P<0.05). All these results show that the 
LTPABT method had better efficacy and fewer complications 
in treatment of OSAHS patients.

Immune Functions

Finally, we determined immune functions by measurement of 
levels of IgM, IgA and IgG, ratios of CD4+, CD8+, NK cells, and 
CD4+/CD8+ before the surgery as well as at 3 months, 6 months 
and 12 months after surgery. No significant difference was 

Variables LTPABT, n=81 LTPAUT, n=75 Control, n=88 P value#

VAS 12 h  2.80±1.09c  2.99±1.06c  3.47±0.86a,b <0.001

VAS 24 h  3.05±1.20c  2.97±1.20c  3.85±1.19a,b <0.001

VAS 48 h  2.66±1.05c  2.75±1.05c  3.06±1.07a,b 0.040

Tonsil leucorrhea shedding time, d  11.99±1.22  12.00±1.20  11.88±1.17 0.778

Table 2. VAS scores and duration of complete shedding of tonsil leucorrhea.

a P<0.05 vs LTPABT, b P<0.05 vs LTPAUT, c P<0.05 vs Control. # P value by comparison among 3 groups using ANOVA.

Variables LTPABT, n=81 LTPAUT, n=75 Control, n=88 P value#

Age, y  9.00±3.08  9.65±3.23  8.61±3.11 0.109

Sex, Female (%)  38 (46.91)  35 (46.67)  43 (48.86)

OSAHS severity, n (%) 0.338

Mild to moderate  71 (87.65)  60 (80.00)  73 (82.95)

Severe  10 (12.34)  15 (20.00)  15 (17.05)

Surgical time  34.74±8.89c  34.45±9.20c  40.35±7.81a,b <0.001

Blood loss  7.60±3.70c  7.70±4.14c  29.82±5.89a,b <0.001

Table 1. Basic characteristics of all patients before surgery.

a P<0.05 vs LTPABT, b P<0.05 vs LTPAUT, c P<0.05 vs Control. # P value by comparison among 3 groups using ANOVA or chi-square test.
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found in all factors before surgery in all groups. Besides, after 
3 months, 6 months and 12 months, all factors also showed 
no significant difference in all patients (Figure 1). And also, 
the levels before and after surgery showed no significant dif-
ference for all patients, suggesting that the surgical methods 
did not influence the patients’ immune functions.

Discussion

As a disease first reported in 1976, the definition, diagnosis, 
and treatment for OSAHS have been gradually improved and 
developed for no more than 20 years [26]. Currently, surgery is 
still the main method for treatment of OSAHS [12]. However, 
clinical evidence for different surgical methods in treatment 
of OSAHS is still inadequate, especially for application of uni-
lateral tonsillectomy. In the present study, we found that the 

LTPABT, n=81 LTPAUT, n=75 Control, n=88 P value#

AHI before  16.62±7.34  17.34±7.49  17.70±7.39 0.635

LSaO2 before  83.85±5.03  82.97±5.22  83.89±5.01 0.439

AHI 6 months  6.57±5.07*b,c  9.71±5.49*a  9.58±5.84*a <0.001

LSaO2 6 months  87.84±6.13*b,c  84.48±5.51*a  85.46±5.59*a 0.001

Treatment efficacy, n (%) 0.011

 Cured  11 (13.58)  4 (5.33)  6 (6.82)

 Remarkably effective  39 (48.15)  23 (30.67)  31 (35.23)

 Effective   25 (30.86)  41 (54.67)  45 (51.14)

 Not effective  6 (7.41)  7 (9.33)  6 (6.82)

Complications, n (%) 0.022

 Hemorrhage  1 (1.23)  1 (1.33)  4 (4.55)

 Infection  1 (1.23)  1 (1.33)  5 (5.68)

 Tonsillar hyperplasia  0 (0.0)  4 (5.33)  0 (0.0)

Table 3. AHI and LSaO2 levels before and 6 months after surgery, as well as treatment efficacy and complications.

a P<0.05 vs LTPABT, b P<0.05 vs LTPAUT, c P<0.05 vs Control. # P value by comparison among 3 groups using ANOVA or chi-square test. 
* P<0.05 compared with the level before surgery.

LTPABT, n=81 LTPAUT, n=75 Control, n=88 P value#

Sleep 
disorders

Before 20.20±2.83 20.16±2.66 20.16±2.70 0.996

6 months 10.64±2.55*b,c 12.17±1.93*a 12.00±1.81*a <0.001

Body 
syndrome

Before 19.48±3.03 19.32±2.78 20.31±3.12 0.077

6 months 10.64±2.80*b,c 12.14±2.41*a 11.95±2.05*a <0.001

Emotion
Before 11.11±1.73 11.60±1.95 11.50±1.81 0.209

6 months 10.28±1.62* 10.75±1.83* 10.63±1.68* 0.201

Daytime 
function

Before 11.75±2.03 11.52±2.14 11.28±1.86 0.316

6 months 10.86±1.88* 10.66±1.99* 10.43±1.72* 0.331

Effects on 
guardian

Before 13.04±2.14 12.99±2.31 12.99±2.56 0.988

6 months 9.66±1.84* 9.65±1.88* 9.61±2.05* 0.985

Total
Before 75.60±6.02 75.61±5.03 76.26±5.28 0.670

6 months 52.09±6.33*b,c 55.37±5.16*a 54.64±5.13*a 0.001

Table 4. Patients’ quality of life by OSA-18 scale before and at 6 months after surgery.

a P<0.05 vs LTPABT, b P<0.05 vs LTPAUT, c P<0.05 vs Control. # P value by comparison among 3 groups using ANOVA. * P<0.05 compared 
with the level before surgery.
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low-temperature plasma-assisted bilateral tonsillectomy had 
better efficacy in treatment for OSAHS children than the uni-
lateral tonsillectomy and traditional surgery, with less ton-
sillar hyperplasia than LTPAUT and better pain management 
than the control and no obvious effects on immune function.

Several studies have already reported the effects of tonsillec-
tomy (unilateral or bilateral) with or without low-temperature 
plasma-assist in treatment of OSAHS. Cao et al compared the 
efficacy between tonsillectomy by low-temperature plasma 
and tonsil-pecking and found that tonsillectomy by low-tem-
perature plasma was better for growth development and psy-
chological behavior in OSAHS pediatric patients [27]. Dai et al 
demonstrated that plasma-mediated temperature-controlled 
radiofrequency ablation of partial tonsillectomy (internal one-
third to one-half portion of the bilateral tonsils) and complete 
tonsillectomy showed no difference in patients’ immune func-
tion in children with OSAHS [28]. Wang et al investigated the 
pulmonary function in pediatric OSAHS patients and found 
that low-temperature plasma treatment could achieve better 
efficacy and lower postoperative pain than traditional meth-
ods, but did not influence the pulmonary function [29]. Inthe 
present study, we compared the efficacy of low-temperature 

plasma-assisted bilateral or unilateral tonsillectomy combined 
with adenoidectomy, as well as the traditional surgical and 
found LTPABT had better efficacy than the traditional method 
and LTPAUT, while all methods showed no obvious effects on 
children’s immune function. The difference between LTPABT 
and LTPAUT in AHI and LSaO2 might be due to both the se-
verity difference and postoperative unilateral tonsillectomy. 
In the LTPABT group, 12.34% of cases were severe, and 20% 
of cases were severe in the LTPAUT group, and the difference 
was not significant statistically. However, the disease severity 
might influence the patients’ recovery. LTPAUT achieved sim-
ilar efficacy as traditional methods with reduced postopera-
tive pain. Although many parents worry about the immune 
function after bilateral tonsillectomy, it might not be a prob-
lem, but for unilateral tonsillectomy, tonsillar hyperplasia af-
ter surgery might be a risk. However, the high risk of tonsillar 
hyperplasia in unilateral tonsillectomy needs further research.

Adenoidectomy is another widely used method in treatment of 
OSAHS. Yang et al reported that transoral endoscopic adenoid-
ectomy decreased the mean arterial pressure and increased 
the duration of nocturnal sleep of OSAHS patients [30]. In an-
other study, Ding et al demonstrated that a combination of 
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Figure 1.  Levels of IgM, IgA, and IgG, and ratios of CD4+, CD8+, NK cells, and CD4+/CD8+ before surgery as well as at 3 months, 6 
months, and 12 months after surgery.
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adenoidectomy, tonsillectomy, and soft palate-pharyngoplas-
ty was effective to enlarge the anteroposterior diameter and 
transverse diameter of the isthmus faucium to achieve bet-
ter efficacy in OSAHS patients [31]. In early research, Feng et 
al investigated the efficacy of endoscopic adenoidectomy in 
treatment of OSAHS patients and demonstrated that the in-
telligence, attention, and quality of life were significantly im-
proved after endoscopic adenoidectomy [32]. In the present 
research, we used adenoidectomy in all surgical strategies, and 
syndrome improvement was observed in all groups of patients, 
showing the efficacy of adenoidectomy was good in OSAHS.

This study has some limitations. First, the study sample was 
small. Secondly, long-term efficacy for the surgeries is still un-
clear. Our results need to be confirmed by further research.

Conclusions

In conclusion, we conducted an observational cohort study to 
investigate effects of low-temperature plasma-assisted unilat-
eral/bilateral tonsillectomy combined with adenoidectomy in 
pediatric OSAHS patients (age 4~14 years). Results showed that 

the low-temperature plasma-assisted bilateral tonsillectomy 
combined with adenoidectomy had the best efficacy. Unilateral 
tonsillectomy combined with adenoidectomy showed similar 
efficacy to the traditional method, but tonsillar hyperplasia af-
ter surgery might be a risk. None of the surgical methods in-
fluenced the patients’ immune function.
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