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ABSTRACT. The purpose of this study was to investigate the changes 
in the humoral and cellular immunity of children with obstructive 
sleep apnea-hypopnea syndrome and hypertrophy of tonsils before 
and after plasma-mediated temperature-controlled radiofrequency 
ablation treatment. Fifty-seven children suffering from obstructive 
sleep apnea-hypopnea syndrome and with hypertrophy of tonsils 
were enrolled in this study. Thirty-seven children were grouped in 
the partial tonsillectomy group and 20, in the tonsillectomy group. 
The levels of CD3+, CD4+, CD8+, and CD4+/CD8+ were measured for 
cellular immunity, and the levels of IgG, IgA, and IgM were measured 
for humoral immunity. Blood samples were collected before and 1 
and 3 months after the operation. The IgG, IgA, and IgM levels in 
the tonsillectomy group were significantly decreased 1 month after the 
operation, and recovered to the normal levels within 3 months of the 
operation (P < 0.05). However, the levels of IgG, IgA, and IgM in the 
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partial tonsillectomy group decreased slightly, without a significant 
difference (P > 0.05). The cellular immunity of the 2 groups was not 
statistically different pre- and post-operation (P > 0.05). The results 
from the present study indicate that partial tonsillectomy by plasma-
mediated temperature-controlled radiofrequency ablation did not 
impact on the humoral and cellular immunity of children.
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INTRODUCTION

Obstructive sleep apnea-hypopnea syndrome (OSAHS) in children refers to a series of 
pathophysiological changes due to the frequent occurrence of partial or complete obstruction 
of the upper airway during sleep, which disrupts normal ventilation as well as the sleep 
architecture of children. This condition may lead to behavioral and nervous system-related 
damages (Lal et al., 2012; Landau et al., 2012). The “gold standard” for the diagnosis of 
OSAHS is overnight polysomnography (AASM, 2007) in the sleep laboratory. Childhood 
apnea hypopnea index (AHI) is different from adult AHI in that it has no definite correlation 
with the other clinical variables considered (irritability, attention deficit disorder, enuresis, 
hyperactivity, snoring, daytime sleepiness, night sweats, and nocturnal breathing pauses), but it 
is closely correlated with tonsillar size. Therefore, hypertrophic tonsil management constitutes 
an important part of the surgical treatment of childhood OSAHS. Adenotonsillectomy is an 
effective treatment in children with OSAHS and adenotonsillar hypertrophy, which improves 
the clinical symptoms; prevents long-term complications such as poor performance at school, 
delayed growth, and Cor pulmonale; and improves the objective respiratory data before and 
after surgery. The success rate of surgical treatment of OSAHS in children is about 80% 
(Brietzke and Gallagher, 2006; Lim and McKean, 2009).

Tonsils are important constituents of the upper respiratory tract defense system that 
protects from pathogen invasion, as well as a part of Waldeyer’s ring. They are immunologically 
reactive lymphoid organs, which are responsible for the manifestation of specific antibodies 
and B- and T-cell activity in response to a variety of antigens. Thus, they are involved in 
humoral and cellular immunity (Zielnik-Jurkiewicz and Jurkiewicz, 2002). The crypt system 
is a specialized structure of the tonsils (Abbey and Kawabata, 1988). The crypt is subject to 
a complex pipeline network in which the branches are contained and branch anastomosis 
extensively exists, in particular, at the tonsillar centers. With respect to their function, tonsillar 
crypts are more than secretory organs; they possibly retain passing antigens for handling by the 
immune system. Tonsils have an important immune function. Adenotonsillectomy causes the 
loss of the immunologic barrier within a short time after surgery, thereby leading to changes 
in immune functions in children (Goldbart et al., 2006). The levels of IgG, IgA, and IgM 
in patients undergoing tonsillectomy noticeably decrease 1 month after surgery compared to 
those in age-matched healthy controls (Kaygusuz et al., 2009).

Low-temperature plasma radiofrequency ablation can be technically used to remove 
a part of the tonsils and to conduct punching ablation on the remaining part of the tonsil, thus 
achieving the goal of reducing tonsil volume and reserving the immune function. Although 
this technique only causes minor tissue damage, such a surgical pattern will destroy the ana-
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tomical structure of the tonsils. Its effects on the immune function of the tonsils have not been 
confirmed yet. From January 2009 to January 2010, our department applied low-temperature 
plasma radiofrequency ablation to treat 57 pediatric patients with OSAHS accompanied by 
tonsillar hypertrophy, of which 37 patients were treated with partial adenoidectomy along with 
tonsil partial nephrectomy, 20 were treated with low-temperature plasma adenoidectomy of 
tonsils. We then compared the changes in humoral and cellular immune functions before and 
after the operation to accumulate the results.

MATERIAL AND METHODS

Inclusion criteria

1) Diagnostic criteria for pediatric OSAHS (Marcus et al., 2012): polysomnography 
was used for nocturnal sleep monitoring, and the breathing disorder time was recorded once 
if the oronasal airflow stops or if it reduces by 50% or above from the basic level to more 
than 6 s; the diagnostic criterion of pediatric OSAHS was defined as an AHI >5 times/h and/
or an apnea index >1 time/h, with the lowest oxygen saturation (SaO2) <92%. 2) In the naso-
pharyngeal lateral radiographs, an A/N ratio ≥0.71 is the criterion for pathological adenoid 
hypertrophy (Fujioka et al., 1979). 3) Physical examination showed that the bilateral tonsils 
were beyond the velopharyngeal bow, which was defined as grade III. 4) All children under-
went paranasal sinus computed tomography to exclude chronic sinusitis. They confirmed 
to lack a history of allergic rhinitis, recurrent acute tonsillitis, chronic respiratory diseases, 
nephritis, and systemic allergic diseases, and upper respiratory tract infection 2 weeks prior 
to the operation.

Subjects

According to the case inclusion criteria, children with OSAHS were randomly divided 
into 2 groups: a group of partial resection of tonsils comprising 37 cases (24 males and 13 fe-
males, aged 2-12 years, with a median age of 5.0 years), and a group of complete resection of 
tonsils comprising 20 patients (14 males and 6 females, aged 2-10 years, with a median age of 
4.6 years). This study was conducted in accordance with the Declaration of Helsinki and was 
approved by the Ethics Committee of PLA General Hospital. Written informed consent was 
obtained from all participants.

Surgical methods

All patients received general anesthesia with tracheal intubation, and EN Tec Cobla-
tor plasma surgery systemic therapy instrument (ArthroCareare, US) was used to conduct 
adenoidectomy under a nasal endoscope. For the partial resection group, ReFlex70 knife was 
used to remove the internal one-third to one-half portion of the bilateral tonsils and the remain-
ing part of grade I-II would be handled by punching ablation on the upper, middle, and lower 
poles. During the procedure, the output power was set to 5 speed, which would be sustained 
for 10-15 s. For the complete resection group, a ReFlex70 knife was used to completely re-
move the bilateral tonsils along the tonsil capsules.
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After the operation, the patients were shifted to the post-anesthesia care unit, and then 
transferred back to their wards after regaining consciousness. The patients were discharged 
after 3 days of anti-infection treatment. The patients were suggested to gargle frequently, keep 
their mouths clean, and avoid consumption of hot, hard, and spicy food.

Blood study

After acquiring consents from parents, 4-mL peripheral venous blood samples was 
collected from each fasting child in the morning of day 2 before the operation and 1 and 3 
months after the operation. Aliquots of the blood samples were then transferred to heparin 
anticoagulation tubes and were used to determine the percentage of various T-cell subpopula-
tions and the levels of Igs. A flow cytometry analyzer (BD FACScan flow cytometry, Becton 
Dickinson, USA) was used to determine the percentage of T-lymphocyte subsets of CD3+, 
CD4+, and CD8+, and then, the CD4+/CD8+ ratio was calculated (the reagents used in the 
process were provided by BD Inc., USA). The levels of IgA, IgG, and IgM were determined 
with a specific protein detector (Array 360 specific protein analyzer; Beckman Coulter, Inc., 
USA); the monoclonal antibodies were provided by Beckman Coulter, Inc. During the test, the 
children did not receive any drugs affecting immune function.

Statistical analysis

The SPSS 13.0 software was used for statistical analysis, in which the paired t-
test was used with the parameters reported by means ± SD, and P < 0.05 considered to be 
statistically significant.

RESULTS

Humoral immunity

In the complete resection group, the levels of IgA, IgG, and IgM 1 month after the 
operation were significantly decreased from those before the operation; these levels returned 
to the pre-operative levels 3 months after the operation. These changes were statistically 
significant (P < 0.01; Table 1). In the partial resection group, the level of humoral immunity 
was slightly decreased, but this difference was not statistically significant (P > 0.05; Table 1).

Cellular immunity

Groups	                           IgA		                          IgG		                             IgM

	 Partial	 Complete	 Partial	 Complete	 Partial	 Complete
	 tonsillectomy	 tonsillectomy	 tonsillectomy	 tonsillectomy	 tonsillectomy	 tonsillectomy

Pre-operation	 1.64 ± 0.72	 1.69 ± 0.67	 11.62 ± 1.76	 11.54 ± 2.38	 1.40 ± 0.49	 1.42 ± 0.53
One month after operation	 1.47 ± 0.58	   1.09 ± 0.27*	 10.94 ± 2.14	     9.75 ± 2.39*	 1.36 ± 0.52	   0.96 ± 0.57*
Three months after operation	 1.65 ± 0.55	 1.61 ± 0.59	 11.01 ± 2.78	 11.71 ± 2.64	 1.61 ± 0.47	 1.29 ± 0.65

Table 1. Comparison of serum IgA, IgG, and IgM before and after the operation.

*P < 0.01, after 1 month, the levels of IgA, IgG, IgM of the complete resection group prior to the operation were 
compared with those after the operation and the changes were all statistically significant.
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The CD4+/CD8+ ratio for both groups showed a slight decrease after the operation and 
it returned to the baseline level 3 months after the operation; however, these differences were 
not statistically significant (P > 0.05; Table 2); for both groups, the changes in the levels of 
CD3+, CD4+, and CD8+ after the operation (compared to that before the operation) were not 
statistically significant (P > 0.05; Table 2).

DISCUSSION

In severe conditions, children with OSAHS may have retarded growth and develop-
ment, craniofacial abnormalities (Flores-Mir et al., 2013), cognitive impairment, and cardio-
vascular system diseases (Bhattacharjee et al., 2009) because of nocturnal recurrence of apnea 
and hypopnea and a more frequent and persistent reduction of SpO2 during the rapid eye 
movement phase of sleep. The classical risk factor for OSAHS in normal weight children is 
enlargement of the adenoids and tonsils, which differs from that in adult patients. Arens et al. 
(2001) showed that in sedated children, a correlation exists between increased tonsil and ade-
noid volume and AHI. Fregosi et al. (2003) obtained similar results in slightly older, unsedated 
children, with a correlation between increasing tonsil cross-sectional area (CSA), soft palate 
CSA, and obstructive AHI. Arens et al. (2005) found that even in asymptomatic children, an 
increased adenotonsillar size did correlate with increased nasopharyngeal airway narrowing, 
that is, increased tissue compliance, during inspiration.

Adenotonsillectomy resulted in an increase in the airway CSA of the retropalatal 
pharynx, leading to approximately 2-fold reduction in the axial velocities in this region and an 
increase in static pressure (Vos et al., 2010). Therefore, adenotonsillectomy is the most classic 
operating approach, and hypertrophic tonsil handling is an unavoidable issue in the surgical 
treatment of childhood OSAHS.

As an important part of the Waldeyer’s ring, the tonsil, located at the common entrance 
of the gastrointestinal and respiratory tracts, is the most frontline barrier for contact with the 
inhaled and ingested antigens. In addition to its role as a secondary lymph organ, tonsils also 
have a special crypt system, which consists of a complex network of pipes and can retain 
passing antigens for disposal by the immune system, and then transport these antigens to the 
immunocompetent cells under the tonsil epithelial cells (Ivarsson et al., 1999). Thus, the tonsil 
is a part of the mucosa-associated lymphoid tissue, with roles in both humoral and cellular 
immunity. The humoral immunity depends on B cells, plasma cells, and various antibodies; 

Groups	                                                                    CD3+                                                                                   CD4+

	 Partial tonsillectomy	 Complete tonsillectomy	 Partial tonsillectomy 	 Complete tonsillectomy

Pre-operation	 69.65 ± 4.44	 68.42 ± 4.14	 32.66 ± 6.59	 33.84 ± 6.71
One month after operation	 67.91 ± 7.04	 68.48 ± 6.44	 31.92 ± 5.94	 32.08 ± 5.46
Three months after operation	 65.24 ± 6.58	 66.38 ± 5.67	 32.36 ± 5.67	 34.76 ± 5.27

Table 2. Comparison of CD3+, CD4+, CD8+, CD4+/CD8+ before and after the operation.

	                                              CD8+		                                               CD4+/CD8+

	 Partial tonsillectomy	 Complete tonsillectomy	 Partial tonsillectomy	 Complete tonsillectomy

	 24.55 ± 4.30	 25.35 ± 4.51	 1.39 ± 0.33	 1.43 ± 0.42
	 24.74 ± 4.22	 26.57 ± 3.52	 1.34 ± 0.35	 1.25 ± 0.26
	 23.08 ± 4.10	 24.21 ± 4.17	 1.45 ± 0.37	 1.49 ± 0.41
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when B lymphocytes are stimulated by antigens, they proliferate and evolve into plasma 
cells, resisting the antigen and producing antibodies. When T cells in the body of a child are 
stimulated by antigens, they will differentiate into activated lymphocytes, and among them, 
some will become T helper cells (CD4) or T cytotoxic cells (CD8). CD4 cells can stimulate 
the B cells to transform into plasma cells (antibody-producing cells) and CD8 cells can kill 
the antigen-containing cells by direct contact and cytokine release (Quiding-Järbrink et al., 
1995). In normal situations, the ratio of CD4+ and CD8+ is somewhat stable, and they are 
affected and antagonized by each other to maintain the balance of the immune system. When 
the immune function is decreased, it is usually manifested by the shortage of CD4 subsets and/
or the increase of CD8 subsets, or the decrease of CD4/CD8 ratio. 

Because of the incomplete development of the systemic immune organs in childhood, 
the tonsil immune activity is more important in children than in adults. The tonsils and ad-
enoids in children have the function of producing lymphocytes and non-lymphocytes such as 
T lymphocytes, B lymphocytes, dendritic cells, and M cells, and the number of lymphocytes 
is significantly higher than that in adults, and these cells work synergistically to complete the 
immunization process together. Tonsils and adenoids can also secrete cytokines and IgA, IgG, 
and IgM. In the submucosa, the number of B cells is higher than the number of T cells in the 
lymphoid tissue, and most of them can produce secretory immunoglobulin A (SIgA), which is 
an important factor for the local mucosal immunity against infection. 

Tonsil adenoidectomy is a common method for the treatment of children with OSAHS, 
but scholars have different opinions on its effects on immune functions. Zielnik-Jurkiewicz 
and Jurkiewicz (2002) found that the children with tonsil adenoidal hypertrophy have signifi-
cantly higher levels of IgA, IgM, and IgG before operation than the normal control group. One 
month after operation, the level of immunoglobulin was significantly decreased, suggesting 
humoral immunodeficiency. The levels of IgA, IgM, and IgG returned to the normal levels 6 
months after operation. For the cellular immune function, the pre-operative number of CD8+ 
cells was significantly higher and it constantly decreased after the operation and returned to 
the same level as the control group. Kaygusuz et al. (2009) found that a month after tonsil-
lectomy, the levels of IgG, IgA, and IgM were significantly decreased compared to that in the 
age-matched healthy control group, among which, the levels of IgA and IgM was decreased 
54 months after the operation. In case of cellular immunity, the numbers of CD4+ and CD19+ 
cells in the children were significantly decreased and the numbers of CD8+, CD16+, CD65+, 
and CD25+ were significantly increased 1 month after the operation and they returned to the 
same level as the control group 54 months after the operation. Böck et al. (1994) reported that 
the immune functions were not affected in patients whose tonsils were removed in childhood. 

We found that the post-operative levels of IgA, IgM, and IgG in the tonsillectomy 
groups were significantly decreased from that before the operation, which is consistent with 
the results of the studies conducted by Zielnik-Jurkiewicz and Jurkiewicz (2002) and Kaygu-
suz et al. (2009). However, we observed that the levels of IgA, IgM, and IgG were returned 
to the 3-month levels before the operation, which was earlier than the 6 months required in 
the study conducted by Zielnik-Jurkiewicz. For the group of partial resection plus ablation, 
the levels of IgA, IgM, and IgG 1 month after the operation were not significantly changed 
from that before the operation, suggesting that the remnant tonsils possessed some immune 
functions and could avoid immune deficiency after the operation. The post-operative changes 
in the cellular immunity of both groups had no statistical significance either, which was con-
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sistent with the conclusion obtained by Böck et al. (1994). Because we did not set the control 
group in the study, it was impossible to compare the immune function in children before and 
after the operation and to validate the conclusion obtained by Zielnik-Jurkiewicz and Jurkie-
wicz (2002) and Kaygusuz et al. (2009).

Low-temperature plasma radiofrequency ablation has merits such as less hemorrhage, 
less severe post-operative pain, and less damage to the surrounding tissues. Shah and Dunham 
(2007) observed the tonsillar wound surface after low-temperature plasma radiofrequency ab-
lation and did not find basophilic substance invasion at the verge of the tonsil, tissue carbon-
ization, or damage at the depth of the tonsil crypt. In this study, the results showed that tonsil 
partial resection plus ablation by using the low-temperature plasma technique did not cause 
marked changes in the immune function of the tonsils within a short period after the surgery. 
This finding indicates that low-temperature plasma causes minor tissue damage. After opera-
tion, the epithelial basic structure, cellular levels, and immune function of the tonsillar crypts 
are only slightly damaged and the immune function of the tonsils does not noticeably decrease. 
Therefore, it is predictable that the residual tonsils after operation still secrete cytokines and 
immunoglobulins, possibly sIgA, which possess local mucosal immunity against infection and 
can therefore serve as the first line of defense of the respiratory system. This is of particular 
significance for children with incomplete immune function accompanied by adenoid deletion. 
Furthermore, the residual tonsils may effectively avoid post-operative complications such as 
pharyngeal foreign body sensation and pharyngoxerosis.

Low-temperature radiofrequency plasma ablation is becoming increasingly prevalent 
in recent years for ENT applications. Technically, low-temperature radiofrequency plasma 
ablation can be used for partial resection of tonsils with hypertrophy of grade III; however, 
there is a possibility that the immune function of the tonsils will be suppressed because of the 
destruction of the anatomic structure. Our study confirmed that partial resection can preserve 
partial tonsil tissue, and especially, a part of the immune function of the tonsils while relieving 
the airway obstruction, thus avoiding the destruction of the protective barrier or the impair-
ment of respiratory defense mechanisms, and avoiding the early humoral immune deficiency. 
However, this study has some limitations. The number of cases included should be increased, 
the immune functions of the patients as well as the local immune function of the tonsils should 
be monitored before operation, and the long-term pharyngeal foreign body sensation and pha-
ryngoxerosis should be observed after operation.
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