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Abstract
Objectives: The aim of this study was to compare thermal injury and depth of necrosis of using different
monopolar power settings in partial tonsillectomy and correlate the results with the postoperative pain score.
Results: The study included a total of 15 patients with mean of age of 5.7 ± 2.57 years. The mean depth of injury
was significantly higher for the 25 W side (0.973 ± 0.613) versus the 15 W side (0.553 ± 0.218) (p = 0.023). The
postoperative pain score showed no significant differences between both sides.
Conclusion: The histopathologic depth of thermal injury is significantly higher with the 25 W monopolar
microdissection in comparison to the 15 W; however, it does not seem to correlate with the postoperative pain
level. Apparently, power settings of 25 W can be safely used for pediatric intracapsular tonsillectomies, without
added postoperative morbidity despite the deeper tissue injury observed in the tonsil.
Keywords: Intracapsular tonsillectomy, Pediatric tonsillectomy, Monopolar electrocautery, Thermal injury,
Postoperative pain

Background
Tonsillectomy is one of the most common surgeries in
children [1]. The usual indications to perform tonsillectomy can be divided into two main categories: recurrent
tonsillitis and adenotonsillar hypertrophy causing airway
obstruction and sleep-disordered breathing [2]. In recent
years, intracapsular tonsillectomy (partial tonsillectomy)
has emerged as an alternative surgical option to total
tonsillectomy for OSA in children, with possible advantages related to lesser operative blood loss and postoperative pain [3–6]. Various techniques of tonsillectomy
have been proposed, ranging from hot instrumentation
as laser and monopolar cautery, mild thermal exposure
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as coblation and radiofrequency, and cold techniques
like the classic knife or powered instrumentation with a
microdebrider [7]. Currently, monopolar electrocautery
is still one of the most used techniques to perform intracapsular tonsillectomy mainly due to its wide availability
and cost-effectiveness [8]. However, one of the possible
drawbacks of this technique is the high heat generated,
which may cause a significant tissue damage in the operated area and a subsequent increase in postoperative
morbidity [9]. Therefore, the optimal power setting for
dissection and hemostasis is controversial and some
institutions recommend that surgeons use as little
diathermy as possible [10].
Tissue thermal injury is a term used to define the
direct and indirect tissue changes due to heat exposure.
The pathophysiology of collateral tissue damage beyond
the margins of excision is a wide field of research; also,
the effect of acute thermal injury in variable types of
tissues is still uncertain [11]. Very few studies have
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addressed the topic of thermal injury of the tonsillar
lymphoid tissue [12], or its relation to postoperative pain
score [13].
The aim of this study was to analyze the histopathological changes in tonsillar tissue, including depth of
thermal injury and cellular changes in adjacent zones,
and then to correlate it with the diathermy power setting
used for dissection and the postoperative pain score.

Methods
This prospective, single-center study was conducted on
a group of 15 pediatric patients between 2 and 12 years
old who were admitted to São João University Hospital
Center between January and March 2020. Patients with
symptoms related to airway obstruction and sleepdisordered breathing were enrolled in the study. Children with chronic medical disease, craniofacial anomalies, congenital syndromes, and suspicion of malignancy
were excluded. Intracapsular tonsillectomy using the
monopolar electrocautery method with Colorado needle
tip was performed for the patients using two different
power settings bilaterally: 25 watts (W) on the right side
(group A) and 15 W on the left side (group B).
All patients were prescribed the same analgesic protocol
(oral paracetamol 15 mg/kg after 2 h of surgery). Postoperative pain was evaluated using the Wong-Baker face
pain rating scale (WBFPRS) [14] 8 h after the surgery (day
0). Evaluation was done separately for each side: right side
(group A) and left side (group B). Patients were also asked
to compare pain between the two sides. Tonsillar specimens were sent for histopathological assessment in two
separate containers (right tonsil and left tonsil) filled with
10% neutral buffered formalin. Several sections were sampled from each tonsil and were processed by paraffin embedding. Five-micron sections were cut and stained with
hematoxylin and eosin. The histopathologist blindly
assessed the pathologic findings in the tonsils, including
inflammatory changes, signs of thermal tissue injury, and
any possible signs of tissue damage beyond the necrotic
line. At least three measurements for the deepest sites of
thermal injury were taken for each sample, and the maximum one was recorded as the maximum depth of thermal injury (MDI). One specimen (from both sides; 15 W
and 25 W) was sent in glutaraldehyde for evaluation by
both light and electron microscopy, specifically to examine
signs of injury in the neighboring area beyond the cautery
margin.
Comparisons of postoperative pain and depth of tissue
injury were performed using the unpaired t-test. Statistical significance was accepted when the p-value was less
than 0.05.
Written consent forms were obtained from the legal
guardians. The study was approved by the institutional
medical ethical committee (reference number 58/2020).
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Results
Fifteen children aged 2.5–12 years (mean 5.7 ± 2.57)
were included in the study. The male/female ratio was
6/4. All children had a history of airway obstruction and
sleep-disordered breathing.
Pain scores were obtained postoperatively, and from
each side separately, using WBFPRS for 12 patients
(three patients were less than 3 years old). The pain
score mean is 4 ± 2.14 on both sides, ranging between 0
and 6. There were no significant differences between the
15W power setting side and the 25 W power setting side
(Table 1).
Under light microscopic assessment, all tonsils showed
florid reactive follicular hyperplasia and hypertrophy,
with prominent germinal centers. Additionally, 20% of
cases displayed acute inflammatory cell infiltrate, cryptal
microabscess formation with mild extension into the
para-cryptal areas. The cauterized margin showed
evidence of thermal injury in form of a superficial zone
of tissue charring, destruction, and vacuolization. Deeper
to this zone, other forms of thermal injury were seen including hemorrhage, destructed and occluded blood
vessels, collagen fiber coagulation, and basophilia, in
addition to tissue necrosis. The full thickness, of superficial and deep zones, of thermal injury was not uniform
along the cautery margin but highly variable and was
ranging between 0.1 and 1 mm on the 15 W side and between 0.1 and 2.5 mm on the 25 W side. Evaluating maximum depth of thermal injury (MDI) on both groups
showed a mean of 0.973 ± 0.613 mm for the 25 W group
and 0.553 ± 0.218 mm for the 15 W group (Fig. 1). The
difference between both groups was statistically significant (Table 1).
Light microscopic assessment of the adjacent
lymphoid tissue beyond the cautery margin showed
subtle and indistinct changes, mainly in form of dilated lymphatics and tissue edema for both groups of
tonsils. Detailed, higher resolution, examination for
the closest 4 mm2 of neighboring lymphoid tissue to
the cautery margin was also performed under electron
microscopy to look for evidence of ultrastructural cellular damage. Assessment showed a predominantly intact and preserved tissue underneath the coagulated
surface, without significant differences between the
right and the left side. Both sides showed a similar
rate of cell apoptosis (four per mm2), minimal
Table 1 Postoperative pain scores and maximum depth of
injury for 15 W and 25 W monopolar electrocautery dissection
Power setting

15 W

25 W

p-value

Postoperative pain score
(mean ± SD)

4 ± 2.14

4 ± 2.14

1

Maximum depth of injury
(mm) (mean ± SD)

0.553 ± 0.218

0.973 ± 0.613

0.023
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Fig. 1 Thermal injury under light microscopy. The zone of tissue charring, destruction, and vacuolization (double arrows) is more superficial on
the 15 W side (a) in comparison to the 25 W side (b) for the same patient (H&E; × 40)

vacuolar cytoplasmic disintegration, and interstitial
edema (Fig. 2).

Discussion
Postoperative pain remains the major drawback to tonsillectomy operations and the main cause for seeking
outpatient medical attention in the first 2 weeks after
surgery [15]. Several factors contribute to the level of
postoperative pain including the patient’s age, sex, indication of surgery, experience of the surgeon, and surgical
technique [16]. Choosing a surgical technique seems to
be the main modifiable factor that can affect the level of
postoperative pain; therefore, various tools and techniques were developed and explored to find the most
appropriate one. Cold dissection techniques have been

associated with less pain in comparison to hot techniques, but in contrast, it has higher intraoperative blood
loss and longer operative time [15]. In addition, performing partial (intracapsular) tonsillectomy has proven
to be a viable and effective treatment and shown to
reduce the severity and duration of pain [4].
Monopolar electrocautery is a widely available and
commonly used hot technique in tonsillectomies [17],
for many advantages related to its high efficiency, convenience, cost-effectiveness, low intraoperative bleeding
rate, and short overall operative time [18, 19]. However,
the electrical current that is used to cut, coagulate, and
desiccate tissue through a significant generation of heat
(400–600 °C) [20, 21] results in heat dissipation, which
will lead to a collateral tissue damage and thermal injury

Fig. 2 In the tissue adjacent to the cautery margin, a few apoptotic bodies were identified (arrows) showing cellular shrinkage, chromatin
condensation, fragmentation, and leaky nuclear envelopes. a Electron microscopy, × 8000, on the 15 W side. b Electron microscopy, × 12000, on
the 25 W side
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in the neighboring tissue. The high-power intensity used
in monopolar electrocautery and the consequently
higher thermal injury produced at the residual tonsillar
tissue and the surgical bed remains a major concern for
surgeons and is usually linked to the higher postoperative pain in comparison to other methods [15]. To
minimize this heat, a thinner needle tip, as the Colorado
tip, was developed and used instead of the Bovie standard tip [22–24]. The finer electrocautery tip requires
lower power and concentrates the electrical current to a
smaller point [23], which results in lesser dissipation of
energy into the surrounding tissues, causes smaller zone
of tissue necrosis, and allows precise dissection [24, 25].
Another possible way to minimize the heat is through
reducing the electrical current; however, there are no
consensus or guidelines in respect of the optimal electrical power required during monopolar tonsillectomy.
Some institutions also recommend that surgeons use as
little diathermy as possible for dissection or hemostasis
[10, 26], as it is believed to decrease thermal injuries to
surrounding tissues and consequently postoperative
pain. In our study, we chose to compare between two
frequently used power settings in monopolar tonsillectomy procedures, the 25 W and the 15 W. Since pain is
a highly subjective symptom and harder to evaluate in
pediatric patients, we designed our study to help the
patients perform a comparative assessment of pain
between the two sides and consequently minimize
variability and subjectivity. In addition, we included
patients with symptoms of airway obstruction and sleepdisordered breathing exclusively to eliminate pain
variation related to different surgical indications. The
different power settings, however, showed no significant
difference in postoperative WBFPRS scores at the time
of discharge (day 0). A single previous study had also
compared the visual analogue scale (VAS) pain scores
after tonsillectomies between two groups of adult patients (46 patients each) using 15 W for one group and
25 W for the other [10]. Group pain scores were obtained at 5 days postoperatively and it was slightly higher
in the 15 W group in 4 days (days 1, 5, 7, and 14), while
it was slightly higher in the 25 W group in 1 day (day 3),
but all differences were not statistically significant. Although the results were not significant, it surprisingly indicates that the 15 W group may have higher pain scores
for the follow-up period. In addition, they concluded
that power settings have no different degree of primary
or secondary hemorrhage. The 25 W group had a significantly shorter mean operation time (by 5.1-min difference) and a significantly lower minimal hemorrhage
rate. Although the difference was significant for the minimal bleeding only (less than 10 ml), this type of bleeding
can lead to uncomfortable healing process and poor
patient and caregiver satisfaction [10].
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Signs of histopathologic injury caused by various surgical
techniques have been studied through animal model experiments and demonstrated a significant association between
surgical techniques, tissue injury level, and wound healing
time [20, 24]. In humans, the alternative approach was to
study the extent of thermal injury in the removed part of
the tonsil in tonsillectomy samples. This approach has its
limitations, since the level of injury in the removed part
will not be an exact mirror image of that at the site of surgery, due to the ongoing healing process and development
of features of chronic inflammation at the wound site.
However, it will provide a considerable clue to the injury
level at the wound site [13, 27, 28]. Many studies used this
approach as part of the assessment of new techniques used
in tonsillectomies. Generally, results showed that the degree of histopathologic thermal injury significantly correlates with postoperative morbidity and pain scores when
comparing different techniques. For example, Magdy et al.
[27] found that the coblation technique inflicted significantly less thermal tissue injury than either electrocautery
or laser and offered significant advantages in terms of postoperative pain and healing. Another study showed that the
plasma blade technique had a significantly lower MDI and
lower visual analogue scale (VAS) score in comparison to
the bipolar radiofrequency clamp technique [13]. In
addition, in pediatric tonsillectomies, the molecular resonance technique resulted in significantly reduced histopathologic thermal injury and lower pain scores in comparison
to the coblation technique, which was reflected in reduced
medication requirements [29]. In our study, the MDI was
investigated for two different power settings, 15 W and 25
W, using the same monopolar electrocautery technique.
The difference in MDI was significant; however, it was not
large enough to affect the postoperative level of pain and
WBFPRS score. In addition, it did not affect the degree of
collateral tissue damage for the closest zone to the cautery
margin. For both power settings, the assessment under
electron microscopy demonstrated very mild, subtle, and
equivalent changes. This comparable level of collateral tissue injury and postoperative pain indicates similar levels of
safety between the studied power settings.
Limitations of this study included the presence of multiple surgeons, the subjective assessment of pain, assessing pain in day 0 only, and the small number of
samples that were studied in this series.

Conclusion
The histopathologic depth of thermal injury is significantly higher with the 25 W monopolar microdissection
in comparison to the 15 W; however, it does not correlate with the postoperative pain level or tissue injury beyond the line of cautery. Twenty-five-watt power
intensity can be safely used for pediatric tonsillectomies,
without increased morbidity to the child.
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