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Abstract To determine if there was a difference in the

inflammatory reaction after tonsil surgery with ‘‘tradi-

tional’’ techniques (tonsillectomy and adenoidectomy or

TA) compared to partial intracapsular tonsillectomy and

adenoidectomy (PITA). Design: Randomized, double-blind

study. Setting: tertiary care academic hospital. Children

under the age of 16 years with a diagnosis of obstructive

sleep disordered breathing were randomly allocated into

three study groups: TA with electrocautery (n = 34), PITA

with CO2 laser (n = 30) and PITA with debrider (n = 28).

All of the children underwent adenoidectomy with a cur-

rent at the same surgical procedure. Main outcome mea-

sure: c-reactive protein level (CRP) was the primary

endpoint. In addition, the following were assessed: white

blood cells (WBC), neutrophils (NEU), interleukin-6 (IL-6)

and tumor necrosis factor-alpha (TNF-a). Pre- and post-

procedure measurements were compared between the

groups. Parents filled out a questionnaire daily during the

first postoperative week assessing pain, swallowing and

snoring. CRP levels ascended higher in the PITA groups

after surgery (p = 0.023), WBC and NEU showed the

same pattern, IL-6 levels were higher in PITA group and

there was no difference in TNF-alpha levels between the

two types of procedures. Postoperative pain and

postoperative hemorrhage were significantly lower in the

PITA groups as compared to the TA group (p = 0.01 and

0.048). PITA in comparison to TA is associated with lower

morbidity; however, the inflammatory response does not

differ significantly in the first 24 h after surgery. Additional

long-term studies assessing efficacy of PITA are warranted.

Level of evidence: Level 1, prospective randomized con-

trolled trial.

Keywords Obstructive sleep disordered breathing �
Tonsillectomy � Tonsillotomy � Inflammatory markers �
Pain � Snoring � Polysomnography

Introduction

Tonsillectomy is one of the most common surgeries per-

formed in children. It is usually performed in children with

obstructive sleep disordered breathing (OSDB) [1, 2].

Conventional tonsillectomy (TA) implies the complete

removal of the tonsil by anatomic dissection between the

tonsillar capsule and the superior constrictor muscle. Until

recently this has been the standard procedure used for

OSDB.

Lately, many otolaryngologists have begun to perform a

partial intracapsular tonsillectomy (PITA) for OSDB, pre-

serving the tonsil capsule and a rim of tonsillar tissue, thus

avoiding damage to the pharyngeal muscles. Over the last

few years PITA has been advocated as an equally effective

and a safer procedure than TA combined with Ade-

noidectomy in treatment of OSDB [3]. There are several

studies showing both short- and long-term effectiveness of

PITA, suggesting that patients undergoing PITA experi-

ence less pain, with comparable relief of OSDB [3–12]

when compared to those underoing TA. Studies evaluating
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postoperative pain are typically based on questionnaires

which are subjective. In addition the pain in younger

children is evaluated by the caregivers and hence, may be

subject to a misclassification bias.

This study examined the influence of the surgical tech-

nique on the postoperative inflammatory processes using

inflammatory markers that can provide more objective data

regarding pain.

Several studies in other medical disciplines, such as

gynecology [13], urology [14] and general surgery [16]

have shown a correlation between the extent of surgical

intervention and an immediate increase in the level of

inflammatory cytokines (IL-6 and TNF-a).
We hypothesized that partial intracapsular tonsillectomy

is associated with a minor inflammatory response when

compared to that in conventional tonsillectomy, as the

muscles of the tonsillar bed are not disturbed. Likewise, we

assumed that postoperative pain is an expression of

inflammation, and therefore the PITA patients should

experience less pain when compared to TA patients.

The main objective of the current study was to evaluate

C-reactive protein (CRP) levels after PITA procedure com-

pared with levels after the ‘‘traditional’’ tonsillectomy. The

secondary objectives were: (1) to compare the levels of other

post-operative inflammatory mediators, i.e. WBC, NEU, IL-

6 and TNF-a in between the three groups; and (2) to compare

post-operative morbidity and OSDB improvement between

the three groups in the short-term postoperative period.

Methods

We conducted a randomized controlled trial (RCT).

The study was double-blind; the patients and caregivers

did not know before surgery until the first appointment

(7 days after surgery) what type of surgery would be per-

formed and the lab technicians performing the testing were

not aware of the group assignment. The study population

was defined as children 2–10 years old who underwent

surgery for OSDB at the Soroka University Medical Center

(SUMC)—the tertiary hospital in the Southern Israel. The

children’s caregivers were approached by the study per-

sonnel, who provided a full explanation of the study

objectives and procedures in their preferred language.

Patients were considered eligible if there was a clinical

history of OSDB (snoring and apneas) and if physical exam

showed tonsil size to be ?3 according to Brodsky grading

[16] or more (extending past halfway between the anterior

pillar and the uvula) with enlarged adenoids as seen either

by endoscopy or X-ray. Some of the children underwent

polysomnography (PSG) before the operation, as ordered

by the treating physician and an attempt was made to

obtain a PSG 3–6 months after surgery.

The caregivers signed an informed consent form prior to

the procedure. We excluded children with a history of

recurrent tonsillitis and peritonsillar abscess, where a par-

tial tonsillectomy may not be appropriate in addition.

Patients with craniofacial abnormalities or neuromuscular

disorders were also excluded.

Treatment

The eligible patients were randomly assigned into the three

study groups: laser partial tonsillectomy with adenoidec-

tomy (LPITA), microdebrider partial tonsillectomy with

adenoidectomy (DPITA) and standard tonsillectomy using

electrocautery dissection of the tonsils with adenoidectomy

(TA). Operation techniques: the operations were performed

by four experienced otolaryngologists. Operations in the

LPITA group were performed with a hand held CO2 laser

(Sharplan 40C, Israel), power of 15–18 W was applied to

the tonsil for ablation in a continuous mode. Minor

bleeding was treated by lengthening the distance so that the

beam was defocused. The tonsillar tissue was ablated lat-

erally, up to the level of the pillars.

DPITA was performed with a microdebrider (Medtronic

Xomed, USA). Hemostasis was performed with local

pressure and bipolar (15 W) in cases of more significant or

refractory bleeding.

In DPITA and LPITA a small part of tonsillar tissue

around the tonsillar capsule was left intact.

TA was performed by complete removal of tonsils with

the capsule, with monopolar electrocautery dissection, with

a maximum intensity of 15 W and hemostasis was

achieved with bipolar cautery of 15 W.

Adenoidectomy was performed in the same manner in

all children with a curette and hemostasis was achieved by

temporary packing of the nasopharynx.

Randomization

The randomization was performed into three groups in four

strata of age 2–4, 4–6, 6–8, 8–10.

Endpoints

The primary endpoint was defined as post-procedure

measurement of CRP levels. The other inflammatory

markers measured in blood were: WBC, NEU, IL-6 and

TNF-alpha. These biomarkers were measured prior to, and

within 24 h post-procedure.

Data collection

The demographic information was recorded based on the

hospital charts. The children’s caregivers received a self-
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administered questionnaire on the severity of the postop-

erative pain and snoring, which they were requested to fill

out daily during the first week after the procedure. The

questionnaire included questions regarding pain, difficulty

swallowing, use of analgesics and evaluation of snoring on

a scale of 1–5.

Cytokine measures

Samples were analyzed for IL-6 levels (High Sensitivity

ELISA kit; R&D Systems, Inc. Minneapolis, MN) and

TNF-a levels (High Sensitivity ELISA kit; Ebioscience,

San Diego, CA, USA), in the lab directed by one of the

authors (AG). All samples were assayed in duplicates, at

two dilutions, at plate reader absorbance (450 nm for all

assays). Results were analyzed with a 4-parameter logistic

curve fit. The intra-assay and inter-assay variability were

\10 %; specificity ranged from 94 to 98 %.

C-reactive protein levels (CRP) were measured in the

immunology laboratory of SUMC (immunonephelometry

method) and the complete blood count (CBC) tests were

performed in the hematology laboratory of SUMC.

Statistical methods

General approach: continuous variables were presented as

mean ± standard deviation (SD), median, minimum and

maximum. Comparison between the groups of treatment

used analysis of variance (ANOVA) or Wilcoxon test,

depending on their distribution. Categorical variables were

presented as proportions out of available cases and were

compared between the study groups using Chi-square test.

In the primary analysis the post-procedural measurements

of CRP levels were compared between the two PITA proce-

dures and TA procedure using the one-sided Wilcoxon test.

The post-procedural measurements of inflammatory

mediators were compared between the study groups using

linear regression models, with their log-transformed values

as a dependent variable and the group indicator and their

corresponding baseline log-transformed measurement of

CPR, IL6 and TNF alpha levels as independent variables in

the model. Besides the primary analysis—all the compar-

isons were performed with a two-sided test and considered

significant at the significance level below 0.05.

Analysis was performed according to the intention to

treat (ITT) categories, assigned at randomization.

Sample size calculation

The study was designed to detect the difference of 0.5

(UNITS) in CRP post-procedure measurements between

the 2 PITA groups compared with conventional TA

technique with 92 evaluable subjects, 58 subjects in the 2

PITA groups and 34 in TA group, assuming the standard

deviation of CRP equal 1 [UNITS], the one-sided t test

with significance level of 5 % would yield the power of

84.35 %. The power was expected to decrease to 80 % as a

result of using the non-parametric Mann–Whitney test in

the primary analysis (by an efficiency coefficient equal

0.955) [17]. To ensure 92 subjects eligible for analysis and

expecting 8 % of lost-to-follow-up 1 week after procedure,

we planned to enroll 100 subjects.

Results

In all 110 children meeting the inclusion and exclusion

criteria were defined eligible for the study (see Fig. 1). 100

(90 %) of the screened patients signed the informed con-

sent form prior to enrollment. The treatment was changed

intraoperatively in five children. The main reasons for

changing the treatment were technical problems either with

the debrider or the laser. All children were analyzed

according to the designated treatment on as intention to

treat analysis.

Out of 92 children enrolled in the study (Table 1) 30

patients were randomly assigned into the LPITA group, 28

to the DPITA group and 34 to the TA group. The mean age

was 4.0 ± 1.9 years, with the youngest child enrolled

being at the age of two and the oldest 10 years. Sixty-three

percent (63 %) of study population were males. These

parameters did not vary between the three study groups.

Table 2 presents the assessment of the caregivers during

7 days after surgery. All three items related to pain (pain,

swallowing and pain medication) were significantly better

in the PITA group. There was no difference between

DPITA and LPITA regarding pain parameters. Snoring as

reported by the caregiver immediately after surgery did not

differ between the groups.

The levels of CRP at baseline varied between the study

groups (p value = 0.020) and following the surgery the

CRP levels increased in all groups (Table 3). The CRP in

the PITA group was on average lower than that in the

tonsillectomy group (1.29 ± 1.19 vs. 1.57 ± 1.48; how-

ever, this comparison did not show a statistically significant

result (p value = 0.171 in the one-sided Wilcoxon

test).The difference between the study groups was recorded

only after adjustment to baseline CRP levels

(p value = 0.023). As seen in Table 3, WBC and neu-

trophils differed significantly between the PITA groups and

the TA group. IL-6 levels on the other hand were higher in

PITA group. There was no difference in postoperative

TNF-alpha levels between the groups. The degree of

immediate postoperative snoring was similar between the

groups.
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Postoperative bleeding differed significantly between

the groups (p = 0.048). No bleeding occurred in the

DPITA and LPITA groups (0/60) while three patients from

the TA group suffered delayed postoperative bleeding (3/

34) (data not shown). All three patients who bled were

treated conservatively and did not require repeated surgery.

We were able to obtain PSG after surgery for a small

proportion of the patients because many of the caregivers

thought it was not necessary after the child was ‘‘cured’’.

Altogether eight patients in the DPITA group, eight in the

LPITA group and ten in the TA group had a postoperative

sleep study. The preoperative Apnea–Hypopnea Index

(AHI) of the DPITA group was lower than that in the other

two groups (DPITA, 6.13 ± 4.92/h, TA, 9.16 ± 5.30/h,

LPITA, 10.06 ± 6.74/h). All patients, except one in LPITA

group and two in TA group, had a final AHI less than 5/h.

Therewere no significant differences between the pre and the

postoperative decrease inAHI between the groups (Table 3).

110 assessed for eligibility

10- excluded

1-did not meet inclusion criteria

1-refused to participate

8-other reasons

100-randomized

100-assigned to receive interven�on

4-lost to follow-up (did not come back to follow-
up a�er 1 week)

4-discon�nued interven�on (3-blood test was not 
performed a�er opera�on, 1-did not fill 

ques�onnaire)

92 included in analysis

Fig. 1 CONSORT Flow

Diagram and Checklist

Table 1 Demographic and procedure characteristics—ITT population (92 patients)

Partial intracapsular tonsillectomy and adenoidectomy (PITA) (N = 58) Tonsillectomy and

adenoidectomy (TA)

(N = 34)

All patients,

N = 92
Debrider tonsillectomy, N = 28 Laser, N = 30

Age group, % (n/N)

2–4 years 50.0 (14/28) 53.3 (16/30) 50.0 (17/34) 51.1 (47/92)

4–6 years 28.6 (8/28) 26.7 (8/30) 26.7 (10/34) 28.3 (26/92)

6–8 years 14.3 (4/28) 13.3 (4/30) 14.7 (5/34) 14.1 (13/92)

8–10 years 7.1 (2/28) 6.7 (2/30) 5.9 (2/34) 6.5 (6/92)

Male gender, % (n/N) 64.3 (18/28) 60.0 (18/30 67.4 (22/34) 63.0 (58/92)
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Discussion

We attempted to assess the difference in inflammation, as

measured by CRP levels (main objective) between patients

undergoing PITA (two variants) and those undergoing TA.

The planned univariate analysis showed no statistically

significant difference between the two groups as shown in

Table 3 (p value = 0.171), whereas an analysis adjusting

to the varying baseline levels (linear regression) showed

that the CRP levels in the PITA group were 0.87 times less

compared to those of the TA group (p value = 0.023). This

finding is consistent with a lower degree of inflammation

recorded in the PITAs group as estimated by other

inflammatory mediators (white blood cells, neutrophis).

Several retrospective studies have been done in the past

comparing postoperative complications of tonsil surgery

between different surgical methods. To the best of our

knowledge this is the only study, prospectively and ran-

domly, comparing both short-term clinical outcomes

including bleeding, pain snoring and inflammatory

responses after tonsil surgery.

Tonsillectomy carries significant morbidity [3–12]. All

patients suffer pain after surgery and often the pain is

severe occasionally requiring hospitalization for

dehydration.

The use of PITA has become more popular in the last

decade. The rationale is that it causes less pain and

bleeding post-operatively compared to ‘‘traditional’’ TA

with comparable improvement in OSDB [3–12]. In this

study we examined this claim prospectively, and attempted

to examine in an objective fashion whether this is indeed

the case.

The main argument against PITA has been a possible

regrowth of the palatine tonsils which requires repeated

surgery. The published rate of regrowth ranges from 0.5 to

0.9 % [19, 20] and up to 3.5 % [21]. In this study we did

not assess the late results comparing PITA to TA but rather

focused on early outcomes and immediate differences,

following the use of these different operative techniques.

TA with electrocautery dissection shows a higher post-

operative bleeding rate in comparison to cold dissection

and it may be as high as 10 % [22]. PITA has been shown

to cause less bleeding than TA [23]. It is well known that

the most common complication of tonsillectomy is bleed-

ing and up to 2 % of tonsil surgery patients require a

second operation to control the bleeding [18]. Severe

Table 2 Post operative questionnaire—ITT population (92 patients)

Partial intracapsular tonsillectomy and adenoidectomy (PITA) (N = 58) Tonsillectomy

(T), N = 34

Wilcoxon

p value
Debrider

tonsillotomy (D),

N = 28

Laser (L), N = 30 Comparison1 of post

procedure measurements

between debrider

tonsillotomy and laser

Total for PITA

treatments

(N = 58)

Pain score over 1 week2

Mean ± SD (n) 2.24 ± 1.09 (22) 1.98 ± 0.79 (25) 0.491 2.10 ± 0.94 (47) 3.03 ± 0.99 (20) \0.001

Median 2.14 1.86 2.14 3.14

Swallow difficulty score over 1 week2

Mean ± SD (n) 2.20 ± 1.09 (22) 1.90 ± 0.61 (25) 0.335 2.04 ± 0.87 (47) 3.09 ± 1.16 (20) \0.001

Median 2.14 2.00 2.14 3.29

Pain medications score over 1 week2

Mean ± SD (n) 1.87 ± 1.04 (20) 1.59 ± 0.92 (24) 0.263 1.71 ± 0.98 (44) 2.45 ± 1.36 (18) 0.050

Median 1.64 1.21 1.36 2.79

Snoring score over 1 week2

Mean ± SD (n) 1.70 ± 0.86 (20) 1.42 ± 0.57 (24) 0.420 1.54 ± 0.72 (44) 1.92 ± 1.11 (19) 0.516

Median 1.29 1.21 1.29 1.14

Pain score over 1 week3

Mean ± SD (n) 2.12 ± 0.80 (21) 1.83 ± 0.58 (25) 0.298 1.96 ± 0.70 (46) 2.57 ± 0.81 (19) 0.004

Median 1.86 1.86 1.86 2.43

Significance level, required the question, is 0.05
1 Total score represents a sum of 4 items averaged over 7 days of a follow-up week, resulting in a minimal score 4 and maximal 20. The score

does not include ‘‘Bleeding score’’
2 Scores (1-5) were averaged over 7 days of a follow-up week, resulting in a minimal score 1 and maximal 5
3 Pain Score represents an overall score provided by a patient and averaged over 7 days of the follow-up, resulting in minimal 1 and maximal 5

grades
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bleeding may cause shock and even death. When

accounting for all bleeding and not just those who needed

surgery there was up to 15 % post operative bleeding after

tonsillectomy [24]. While keeping in mind the limitation of

small groups, our study agrees with the previous reports,

with a 9 % bleeding rate using TA versus 0 % in the PITA

(p = 0.048). The lower hemorrhage rate of intracapsular

tonsillectomy can be explained by the fact that the further

one gets from the tonsil capsule into the tonsil the smaller

the vessel diameter becomes.

In light of our results it is possible to hypothesize that

inflammation may play a role in the higher bleeding rate

post TA this may be caused by release of vasodilators.

Parents of the children in the PITA groups also reported

less pain, as compared to the TA patients.

This was true in all aspects that we checked with the

questionnaires (pain, medications, swallowing difficulty).

These results are in line with previous reports [3–12].

There was no difference between patients in the LPITA

group and DPITA group in regards to pain. Possible

explanations for the differences in pain are: the capsule left

intact protects the muscle from inflammation. Alterna-

tively, during TA the muscle may be injured causing a

greater degree of inflammatory reaction. Additionally,

following TA, the whole tonsil is removed so a larger bare

surface is exposed, causing more pain.

During the first postoperative week the questionnaires

showed worse snoring in the TA group; however, the dif-

ferencewas not statistically significant.We think this trend is

due to postoperative edema, which is more serious after

tonsillectomy with electrocautery dissection most likely due

to thermal effect on surrounding tissues. We don’t have data

regarding snoring for the long term, but other studies did not

find a significant difference in snoring after partial tonsil-

lectomy versus total tonsillectomy [3, 10, 12, 21].

Polysomnography before and at 3–6 months after operation,

was performed in 28 patients. No significant differences

were noticed between the groups with regards to postoper-

ative AHI. We conclude that in the short term there is no

difference in the resolution of OSDB between PITA and TA.

Levels of inflammatory mediators (WBC, NEU, CRP)

increased, postoperatively, in all three groups with the

highest values in the TA group. This may lead one to

conclude that in a more conservative operation there is less

inflammation than occurs in a wider operation. Studies

from gynecology and general surgery show similar patterns

with greater increase in levels of inflammatory mediators

after open procedures versus laparoscopic surgery [13–15].

However IL-6 increased more in the PITA group and TNF

was totally inconclusive.

In a previous study by our department levels of

inflammatory mediators were compared in patients under-

going TA with and without the use of fibrin glue applied to

the tonsillar fossa [25]. In that study levels of all inflam-

matory mediators were less elevated when fibrin glue was

applied to the tonsillar bed; however, the reduction of pain

in these circumstances showed conflicting results. Gross

et al. [26] and Stevens et al. [27] found that fibrin glue

reduces pain whereas Segal et al. [28] and Stoeckli et al.

[29] did not find any difference. Stiller et al. [25] found that

inflammation was not correlated with pain or bleeding so it

is difficult, to interpret the exact significance of the

markers. The current study regarding PITA vs TA again

shows that it is difficult to interpret the results of cytokine

levels in association with pain after surgery.

Limitations of this study

Firstly, we were unable to perform postoperative PSG for all

children, because the caregivers did not feel that repeated

examination was necessary after the child was ‘‘cured’’. This

raises the possibility of selection bias which might have

caused the spurious differences between the study groups.

This difference might have been narrowed or even elimi-

nated had we been able to obtain PSG from all patients.

Another limitation is that that adenoidectomy which was

performed in all patients may have influenced the results.

Tonsil surgery for OSDB is almost always accompanied by

adenoidectomy making it extremely difficult to recruit a

large enough study group of patients undergoing only tonsil

surgery for their OSBD. In addition adenoidectomy was

performed in the same method in all patients.

The groups were different in their baseline CRP values in

spite of the randomization, possibly due to the relatively small

groups. This made the comparison adjusting to the baseline

CRP the only valid analysis to be considered at the study

conclusion, as opposed to the primary univariate analysis.

Lastly, levels of the inflammatory mediators were

obtained within 24 h of surgery and we did not obtain

repeated measurements of these levels. Such levels if

assessed 3–7 days after surgery might have been substan-

tially different. The difference between the groups

regarding pain is seen from the first postoperative day till at

least the 7th day, but whether this is true could be studied

in the future.

One more limitation is lack of data regarding additional

disease such as allergy or asthma. These were not screened

during the study and might have influenced inflammatory

markers before and after surgery.

Conclusion

In the current study we showed clear benefits of PITA

procedure compared to TA (using monopolar diathermy) in

terms of morbidity (pain and bleeding) as shown in
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previous studies. However, the inflammatory response

during the first 24 h after surgery did not differ signifi-

cantly. Future studies are needed to assess safety and

efficacy at the long-term follow-up.
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