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Abstract: Objective: To investigate the effect of selective pterygoid canal neurotomy under nasal endoscopy on
patients with chronic sinusitis and nasal polyps. Methods: Eight-six patients with chronic sinusitis and nasal polyps
were randomly and evenly divided into control and research groups. The control group patients underwent conven-
tional minimally invasive endoscopic nasal surgery, and the research group patients underwent selective pterygoid
canal neurotomy under nasal endoscopy. The pain degree, stress-response indicators, Bruggemann comfort scale
(BCS) scores, quality of life, duration of the hospitalization, surgical wound recovery time, incidence of adverse reac-
tions, and curative effects in the two groups were compared. Results: The patients in the research group exhibited
higher levels of pain than those in the control group (P<0.05). After treatment, the diastolic and systolic blood pres-
sure and heart rate measurements of the control group patients were significantly higher than those of the research
group patients, and the pulse oxygen saturation levels of the control group patients were significantly lower than the
levels of the research group patients (P<0.05). The BCS scores of the control group patients at 1, 2, and 3 h after
surgery were significantly lower than the scores of the research group patients (P<0.05). The duration of hospital-
ization and the surgical wound recovery times of the research group patients were longer than those of the control
group patients (P<0.05). The total effective rate of the research group was significantly higher than the rate of the
control group (P<0.05). Conclusion: Selective pterygoid canal neurotomy under nasal endoscopy is a safe and effec-
tive method for the treatment of chronic sinusitis with nasal polyps, with clear pain relief effects.
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pain

Introduction

Chronic sinusitis refers to inflammation or sw-
elling of the sinus cavities that blocks airflow
and drainage for more than 12 weeks. Chronic
sinusitis is one of the most common otorhino-
laryngological diseases and significantly differs
from acute sinusitis. The former is character-
ized by prolonged and refractory symptoms,
while the symptoms of the latter are similar to a
cold that can develop into a chronic disease
without timely or proper treatment after onset,
and it is generally easy to distinguish between
the two [1, 2]. Most cases of chronic sinusitis
occur when the nasal ostium is narrowed or the
function of nasal mucosa clearance is impair-
ed, which can cause local or diffuse inflamma-
tory response stimulation in the nasal cavity.

Long-term inflammatory stimulation can rever-
se the function of the nasal mucosa and the
ostium of the nasal sinus, resulting in complex
clinicopathological symptoms, increasing the
difficulty of treatment and controllability of the
condition [3, 4]. Patients with chronic sinusitis
often present with discomfort, such as decre-
ased olfactory function, dizziness, headache,
nasal obstruction, and runny nose. Additionally,
chronic sinusitis often induces the onset of
nasal polyps, which can aggravate sinusitis
deterioration. A patient’s olfactory hyposmia
and other manifestations can therefore be
used to determine the severity of nasal polyps
[5, 6].

Chronic sinusitis seriously reduces the quality
of life of patients. Minimally invasive technolo-
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gy used in otolaryngology has reduced trauma
and shortened recovery times [7, 8]. The treat-
ment of chronic sinusitis usually involves mini-
mally invasive endoscopic nasal surgery. The
lesion tissue can be visually observed using a
nasal endoscope, and the polyps can be cle-
ared, achieving the radical treatment of sinus-
itis, thereby alleviating inflammation, restoring
sinus ventilation and induction/drainage func-
tion, and ensuring normal physiological sinus
function [9, 10]. However, facial pain can be
more intense than pain in the limbs and trunk,
and as endoscopic sinus surgery is performed
in the nasal cavity, postoperative pain and
safety are receiving increased attention. This
study set out to assess the effects of selec-
tive pterygoid canal neurotomy on postopera-
tive pain and safety in patients with chronic
sinusitis and nasal polyps.

Materials and methods
General information

A total of 86 patients with chronic sinusitis
and nasal polyps treated at our hospital from
February 2016 to March 2018 were randomly
assigned to a control or research group, with
43 assigned to each group. The patients in
the control group received conventional mini-
mally invasive endoscopic nasal surgery. The
research group patients were treated with se-
lective pterygoid canal neurotomy under nasal
endoscopy, the primary procedure of which
involves severing the posterior nasal nerve
and the pharyngeal branch of the pterygoid
canal nerve. Of the patients, 47 were men and
39 women, with an average age of 43.45 +
11.72 years.

Inclusion and exclusion criteria

The inclusion criteria were as follows, patients
meeting: (1) the diagnostic criteria for chronic
sinusitis with nasal polyps [11]; (2) the evalua-
tion criteria for endoscopic sinus surgery [12];
and (3) patients presenting with nasal conges-
tion, runny nose, facial distention and tight-
ness, a decline in olfactory function, and other
symptoms.

The exclusion criteria were as follows, pati-
ents with: (1) fungal sinusitis; (2) cystic fibrosis;
(3) immunodeficiency diseases; (4) immune or
blood system diseases; (5) cognitive or com-
munication disorders; or (6) poor compliance.
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This study was approved by the Medical Ethics
Committee of our hospital, and written inform-
ed consent was obtained from all study partici-
pants or their legal guardians.

Reagents and materials

Nasal endoscopy equipment was purchased
from Jiangsu Ouman Electronic Equipment Co.
Ltd., and a dynamic electrocardiograph was
purchased from Beijing Avantgarde Medical
Equipment Co., Ltd.

Experimental methods

Surgical approaches: Minimally invasive en-
doscopic nasal surgery, which primarily in-
cludes endoscopic sinus surgery and nasal
polypectomy, was performed on the con-
trol group patients according to the condi-
tion of each patient. The research group pa-
tients also received selective pterygoid ca-
nal neurotomy under nasal endoscopy. The sur-
gical procedures were as follows: A wide-angle
nasal endoscopy was dissected from the pos-
terior fontanel of the open maxillary sinus to
find the sphenopalatine foramen at the verti-
cal plate of the jaw, and the periosteum of the
sphenopalatine foramen was torn within 2 cm.
The nerve fascicles from various sources, in-
cluding the vascular nerve fascicles perforat-
ing from the sphenopalatine foramen and the
nerve fascicles passing through the bone sur-
face, were identified. The nerve fascicles were
then separated by a slim bulbous probe and
cut off by a needle-like electrode to protect the
peripheral nerve arteries during the operation.
Next, small nerves that may cause nerve-to-
nerve connections were cut off using micro-
scopic scissors. Finally, the pterygopharyngeal
branch of the pterygoid nerve on the inferior
bone surface of the anterior wall of the sphe-
noid sinus was found and separated from the
palatal sheath canal. The free neurovascular
fascicles were found through the bone of the
anterior wall of the palatal sheath canal and
were cut off using a plasma knife head or nee-
dle electrode.

Index detection method

All patients were monitored by electrocardio-
gram at 15 min, 3 min, and 1 h after surgery.
The primary monitoring indicators included dia-
stolic and systolic blood pressure, heart rate,
and pulse oxygen saturation.
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Table 1. General information about the patients in the two groups

Categories Control group (n = 43) Research group (n = 43) X2/t P
Sex (cases) 0.047 0.829
Male 24 (55.81) 23 (53.49)
Female 19 (44.19) 20 (46.51)
Age (years) 43.28 £ 11.79 43.83+£11.58 0.218 0.828
History of illness (years) 2.43 +0.98 2.48 + 0.94 0.241 0.810
Smoking (cases) 0.054 0.816
Yes 30 (69.77) 29 (67.44)
No 13 (30.23) 14 (32.56)
Drinking (cases) 0.191 0.662
Yes 24 (55.81) 26 (60.47)
No 19 (44.19) 17 (39.53)
Respiratory tract infection (cases) 0.341 0.559
Yes 6 (13.95) 8 (8.60)
No 37 (86.05) 35 (81.40)
Polyp size (cm) 1.83+0.42 1.89 + 0.45 0.639 0.524
Polyp site (cases) 0.232 0.972
Maxillary sinus 7 (16.28) 6 (13.95)
Ethmoid sinus 4 (9.30) 4 (9.30)
Middle nasal meatus 17 (39.53) 16 (37.21)
Middle nasal meatus 15 (34.88) 17 (39.53)

Observational indicators

(1) Each patient’s degree of pain was assessed
using the visual analog scale on the first day
after surgery. The patients scored themselves
according to their nasal condition on a scale
ranging from O to 10, with mild pain given 1-3
points, moderate pain 4-6 points, and severe
pain more than 7 points. The diagnoses were
made based on whether there were symptoms
such as nasal obstruction and runny nose in
the left and right nasal passages, sheezing,
nasal itching, eye itching, facial bloating, olfac-
tory symptoms, etc. The final self-evaluation
scores assigned by the patients were similar to
those given by the specialist medical staff [13].

(2) Patient stress-response indicators, includ-
ing diastolic blood pressure, systolic blood
pressure, and the heart rate and pulse oxygen
saturation of the two groups were observed
and recorded before and after surgery.

(3) The comfort levels were assessed using the
Bruggemann comfort scale (BCS) at 1, 2, and 3
h after surgery. The comfort levels of all the
patients were monitored within 1 week, and the
lower the score, the worse the comfort level of
the patients [14].
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(4) Quality of life was assessed using a chronic
sinusitis-related quality of life questionnaire
after treatment, including items related to daily
activities, nasal symptoms, ophthalmic symp-
toms, inflammatory reactions, related behav-
iors, sleep, emotional reactions, etc. With a
total score of 6 points for each observation
indicator, the scores and corresponding diag-
noses were as follows: O points: patients were
not affected by nasal or ophthalmic symptoms;
1 point: basically unaffected; 2 points: slightly
affected; 3 points: mildly affected; 4 points:
moderately affected; 5 points: severely affect-
ed; 6 points: extremely severely affected. The
lower the score, the better the quality of life
[15].

(5) The duration of hospitalization and the sur-
gical wound recovery time in the two groups
were observed and recorded.

(6) The incidence of adverse reactions was
compared between the two groups.

(7) The curative effects of the patients in the
two groups were compared using specific
terms-markedly effective: the symptoms and
signs basically disappeared compared with
those before the treatment; effective: the

Int J Clin Exp Med 2020;13(4):2807-2814
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Table 2. Postoperative pain in the two groups [n (%)]
Research group

Control group

i 2
Categories (n = 43) (n = 43) X P
Mild pain 13 (30.23) 29 (67.44) 11.911 <0.001
Moderate pain 26 (60.47) 12 (27.91) 9.241  0.002
Severe pain 4 (9.30) 2 (4.65) <0.001 >0.999
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Figure 1. Comparison of the stress-response indicators in the two groups
before and after surgery. A. The postoperative diastolic blood pressure in
both groups decreased significantly compared with the levels before treat-
ment, and the diastolic blood pressure in the control group was significantly
higher than the level in the research group. B. The systolic blood pressure
in both groups decreased significantly compared with the level before treat-
ment, and the level in the control group was significantly higher than it was
in the research group. C. After treatment, the heart rates of the patients in
the two groups decreased significantly compared with the rates before treat-
ment, and the rate in the control group was significantly higher than it was
in the research group. D. The postoperative oxygen pulse saturation in the
two groups decreased significantly compared with before treatment, and the
level in the control group was significantly lower than it was in the research
group. Note: * represents P<0.05.

phPad Prism 8. The measur-
able values were analyzed
using chi-squared tests, and
the measurement data were
expressed as the mean *
standard deviation. A one-way
analysis of variance (ANOVA)
was used to perform the com-
parisons between the groups,
paired t-tests were used to
perform the comparisons be-
fore and after treatment, and
repeated-measures ANOVAs
were used to compare results
at multiple time points. P<
0.05 was considered statisti-
cally significant.

Results

No significant differences in
the baseline data in the two
groups

There were no significant dif-
ferences in the general infor-
mation between the two gro-
ups, including sex, age, smok-
ing and drinking history, and
respiratory tract infections
(P>0.05) (Table 1).

No significant difference in
the number of patients with
severe pain in the two groups

The number of patients with
mild pain in the control group
was significantly lower than
the number in the research
group, and the number of pa-
tients with moderate pain in
the control group was signifi-

symptoms and signs were reduced compar-
ed with those before the treatment; and in-
effective: no significant improvement in the
symptoms or signs or even further deteriora-
tion than before treatment. Total effective rate
= (markedly effective + effective)/total number
of cases * 100% [16].

Statistical methods

The statistical analysis was performed using
SPSS 19.0 (Beijing NDTimes Technology Co.,
Ltd.), and the data were plotted using Gra-
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cantly higher than the number in the research
group, with statistically significant differences
(P<0.05). No significant difference in the num-
ber of patients with severe pain was seen be-
tween the two groups (P>0.05) (Table 2).

Both groups showed improved stress-response
indicators after surgery

No significant difference was evident in terms
of the preoperative stress-response indicators
in the two groups (P>0.05). After treatment, the
stress-response indicators in the two groups

Int J Clin Exp Med 2020;13(4):2807-2814
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Table 3. BCS scores at various postoperative time points in the two

The research group showed

groups higher BCS scores
Categories Contrgl f;ou'o Resear_clegroup t P The BCS scores of the pa-
(n=43) (n=43) tients in the control group at
1 h after surgery 2.46 £ 0.47 2.79 £ 0.52 3.087 0.003
1, 2, and 3 h after surgery
2 h after surgery 2.71+0.53 3.07 £ 0.56 3.062 0.003 were significantly lower than
3 h after surgery 3.09+0.54 3.36 £ 0.58 2.234 0.028 the scores in the research
group, with statistically sig-
nificant differences (P<0.05)
Table 4. Quality of life in the two groups (Table 3).
. Control group Research grou
Categories (n= 53) i (n= 4§) Pt P The control group exhibited a
Daily activities 1.53+0.46  1.16+0.41 3.937 <0.001 higher quality of life
Nasal symptoms 2.26 £ 0.52 1.89+0.51 3.331 0.001 All the quality of life indicators
Ophthalmic symptoms 2.01+0.61 1.71+0.54 2415 0.018 in the control group were sig-
Inflammatory reactions  1.57 + 0.56 1.21+0.47 3.229 0.002 nificantly higher than the cor-
Related behavior 1.87 + 0.59 1.36 +0.51 4.288 <0.001 responding indicators in the
Sleep 3.11+£0.71 2.61 +0.65 3.406 0.001 research group, with statis-
Emotion 1.12 £ 0.43 0.87 +0.38 2.857 0.005 tically significant differences
(P<0.05), as shown in Table 4.
20 *  EE Control group The research group had longer hospitalization
. . =1 research group and surgical wound recovery times
15
— The duration of the hospitalization and the sur-
10 gical wound recovery times in the research
group were longer than they were in the control
5 group, with statistically significant differences
A (P<0.05) (Figure 2).
(’é@ & No difference was observed in incidence of
,\¢‘<‘° oo.ﬁé adverse reactions in the two groups
¥ @
P ¥ “p\)“ No significant difference in the total incidence
& & of adverse reactions was seen between the
,\.@e‘\ & research group and the control group (P>0.05)

Figure 2. Comparison of the duration of hospitaliza-
tion and wound recovery times in the two groups. The
durations of hospitalization and the surgical wound
recovery times in the research group were longer
than they were in the control group. Note: * repre-
sents P<0.05.

decreased significantly. The diastolic blood
pressure, systolic blood pressure, and heart
rate measurements in the control group pa-
tients were significantly higher than they were
in the research group patients, and the pulse
oxygen saturation in the control group patients
was significantly lower than it was in the re-
search group patients, with a statistically sig-
nificant difference (P<0.05) (Figure 1A-D).
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(Table 5).

The research group showed a better curative
effect

The total effective rate in the research group
was significantly higher than the rate in the
control group, and the difference was statisti-
cally significant (P<0.05) (Table 6).

Discussion

Most people still suffer from chronic sinusitis
[17]. The inflammatory persistence of chronic
sinusitis often leads to more serious phenom-
ena, such as polyp formation and postopera-
tive cavity adhesion and obstruction [18].
Studies have shown that these symptoms are

Int J Clin Exp Med 2020;13(4):2807-2814
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Table 5. Adverse reactions in the two groups [n (%)]

Categories Control group (n = 43) Research group (n = 43) X2 P
Active hemorrhage 4 (9.30 3(6.98) -
Postoperative cavity adhesion 3(6.98 2 (4.65) - -
Respiratory complications 2 (4.65 2 (4.65) -
Sinus obstruction 2 (4.65 1(2.33) -
Total incidence of adverse reactions 11 (25.58) 8 (18.60) 0.608 0.436

Table 6. The curative effects in the two groups [n (%)]

some degree of pain sympto-

Control group  Research group

ms after surgery, mostly mod-
P erate pain, which is the key

Categories (n=43) (n = 43)
Markedly effective 14 (32.56) 26 (60.47)
Effective 21 (48.84) 15 (34.88)
Ineffective 8 (18.60) 2 (4.65)

Total effective rate 35 (81.40) 41 (95.35)

4.074  0.044

reason for delayed recovery
and reduced quality of life.
Based on our study results,
selective pterygoid canal neu-
rotomy can effectively relieve

caused by nasal hypersecretions, and the main
factor leading to active nasal secretions is the
parasympatheticnerve,whichregulatesnasalse-
cretions by innervating the nasal glands [19].
The parasympathetic nerve innervating the
nasal cavity originates at the superficial petro-
sal nerve and is collectively referred to as the
pterygoid canal nerve [20]. Pterygoid canal
neurotomy can therefore reduce the number
of parasympathetic nerves distributed in the
blood vessels, eliminate incentives leading to
the increase of nasal secretions, reduce the
sensitivity of nasal mucosa and other associ-
ated parts, adjust the nasal environment, and
reduce the production of polyps [21].

In this study, the number of patients with mild
pain in the control group was significantly lower
than it was in the research group, the number
of patients with moderate pain in the control
group was significantly higher than it was in the
research group, and the number of patients
with severe pain in the control group was not
significantly different from the number in the
research group. This suggests that pain will
generally decrease after recovery, and there
were almost no patients with abnormal pain.
Minimally invasive endoscopic nasal surgery
and pterygoid canal neurotomy appear to be
equally effective treatments for sinusitis, and
the pain degree of patients undergoing selec-
tive pterygoid canal neurotomy is significantly
lower than the pain degree of patients under-
going minimally invasive endoscopy nasal sur-
gery alone. Studies [22, 23] have shown that
patients with chronic sinusitis are prone to
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postoperative pain in patien-

ts with chronic sinusitis and
nasal polyps. With further evaluation, it was
found that the stress-response indicators of
the two groups decreased significantly after
treatment. Diastolic and systolic blood pres-
sure and heart rates in the control group were
significantly higher than those in the research
group, and the pulse oxygen saturation mea-
surements in the control group were signifi-
cantly lower than those in the research group.
Previous studies [24, 25] demonstrated that
treating chronic sinusitis patients with surgi-
cal treatment stimulates a strong response by
the sympathetic nervous system, resulting in a
significant increase in catecholamine content
in the body and affecting the expression of the
stress-response indicators. Selective pterygoid
canal neurotomy is a procedure that cuts off
the mixed nerve innervating the nasal mucosa,
preventing the regulation of the parasympa-
thetic nerve’s dominant function, thereby regu-
lating vasoconstriction and gland secretion in
the nasal cavity and sinuses and making the
excitability of the cholinergic nerve endings
disappear in the nasal cavity [26]. The above
observations are consistent with our findings,
which indicate that pterygoid canal neurotomy
can reduce the postoperative stress-response
and alleviate pain and other adverse reactions.
In terms of comfort and quality of life, the BCS
scores of the control group patients were sig-
nificantly lower than those of the research
group patients at 1, 2, and 3 h after surgery.
The quality of life indicators in the control gro-
up were significantly higher than those in the
research group. This suggests that the pati-
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ents’ quality of life improved after the ptery-
goid canal neurotomy, and the discomfort cau-
sed by the sinusitis and nasal polyps was sig-
nificantly reduced. Furthermore, the recovery
times, adverse reactions, and curative efficacy
were observed and compared between the two
groups. It was found that the duration of hospi-
talization and recovery times of the surgical
wounds in the research group were longer than
they were in the control group. The research
group exhibited a higher effective rate than the
control group. The recovery times of the pati-
ents undergoing selective pterygoid canal neu-
rotomy under nasal endoscopy were slightly
longer than those of the patients who recei-
ved only conventional treatments. This may
be because the selection of surgical sites for
the former treatment is relatively large, which
leads to prolonged recovery times. Neverthe-
less, the curative effect of selective pterygoid
canal neurotomy is superior and is associated
with no increase in postoperative adverse reac-
tions. According to a literature review [27], sur-
gical treatment for refractory chronic sinusitis
accompanied by relatively stable postoperative
recovery and overall curative effect may result
in dry-eye symptoms, facial or palatal numb-
ness, and other surgical risks, which are con-
sistent with our findings. We found no signifi-
cant increase in adverse reactions in our study,
indicating that pterygoid canal neurotomy does
not affect overall safety under reasonable and
scientific conditions.

In conclusion, selective pterygoid canal neu-
rotomy for chronic sinusitis with nasal polyps
can significantly alleviate pain in patients, par-
ticularly in the nasal cavity, with higher safety
and a superior curative effect. A major limita-
tion of this study, however, is the study of
adverse reactions. The grouping and timing of
the postoperative adverse reactions were spo-
radic, and the statistical analysis of the ad-
verse reactions was complicated. We recorded
only those adverse reactions observed at a
uniform time after surgery and only followed
the patients’ conditions for a short period of
time. Further studies are necessary to evalu-
ate the safety and effectiveness of selective
pterygoid canal neurotomy for the treatment
of patients with chronic sinusitis with nasal

polyps.
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