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Abstract
Background/Aims: Endoscopic vidian neurectomy (EVN) for 
allergic rhinitis (AR) has good clinical effects. However, the 
pathophysiological basis of the effect of EVN on AR is still 
poorly understood. This study aimed to investigate the effi-
cacy of EVN on house dust mite (HDM)-sensitive AR and the 
dynamic changes of serum immunoglobulin E and some im-
mune regulatory factors. Methods: Twenty HDM-sensitive 
AR patients were treated with bilateral EVN (EVN group), 15 
HDM-sensitive AR patients were treated with subcutaneous 
immunotherapy (SCIT group), and 15 healthy subjects 
served as healthy controls. Quality of daily life was assessed 
by the scores of the Rhinoconjunctivitis Quality of Life Ques-
tionnaire (RQLQs). The visual analog scale was used to assess 
clinical efficacy. Serum molecules were measured by ELISA 
and the UNICAP system. Results: Compared with the SCIT 
group, the RQLQs in the EVN group were lower 12 months 
after treatment (both p < 0.05). There was no significant dif-
ference in improving nasal itching and sneezing (both p > 

0.05), but the clinical efficacy of bilateral EVN was greater 
than SCIT in improving nasal obstruction, rhinorrhea, eye 
itching, and lachrymation 12 months after treatment (all p < 
0.05). Compared with before treatment, the serum levels of 
total immunoglobulin E (tIgE), Dermatophagoides pteronys-
sinus- and Dermatophagoides farinae-specific immunoglob-
ulin E (sIgE), and tumor necrosis factor (TNF)-α in the EVN 
group and the serum levels of TNF-α and interleukin-4 in the 
SCIT group were lower 12 months after treatment (all p < 
0.05). Conclusion: The short-term efficacy of bilateral EVN is 
more effective than SCIT in treating HDM-sensitive AR. This 
may be because the surgery reduced the tIgE and sIgE levels. 
TNF-α may be involved in the therapeutic mechanism.

© 2021 S. Karger AG, Basel

Introduction

Allergic rhinitis (AR) is a type I hypersensitivity reac-
tion mediated by immunoglobulin E (IgE) to airborne al-
lergens [1]. In Southern China, the sensitization of AR is 
mainly monosensitization, and the dominant allergen is 
house dust mites (HDM) [2]. The clinical characteristics 
of AR include nasal itching, nasal congestion, sneezing, 
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and rhinorrhea. AR patients usually also have allergic 
conjunctivitis [3]. Research suggests that AR has negative 
impacts on the daily lives of patients, including underper-
formance at work, poor sleep quality, and cognitive and 
mood impairment [4].

The clinical treatment of AR mainly includes drug 
therapy, allergen immunotherapy (AIT), and surgery 
[5]. Some allergy-relief drugs such as intranasal corti-
costeroids and antihistamines have been used for years 
or decades to treat AR but have no long-term effect, and 
the patient needs repeated medication [6]. Allergen-
specific immunotherapy (SIT), including subcutaneous 
immunotherapy (SCIT), induces immunologic aller-
gen-specific immune tolerance [7]. However, some pa-
tients do not respond optimally to SIT [8, 9]. With the 
rapid development of computed tomography examina-
tion technology and endoscopic technology, the local-
ization of the vidian canal has become more accurate, 
and the vision of endoscopic vidian neurectomy (EVN) 
clearer [10]. EVN for AR has been found to have good 
clinical effects [11, 12]. However, the pathophysiologi-
cal basis of the effect of EVN on AR is still poorly un-
derstood.

The purpose of our study was to compare bilateral 
EVN and SCIT with respect to their clinical effects on 
HDM-sensitive AR and to analyze the changes in several 
molecules with key roles in the immune and inflamma-
tory responses. Thus, we quantified the levels of serum 
total IgE (tIgE), specific IgE (sIgE), T-helper (Th) cell 
cytokines such as interferon (IFN)-γ and interleukin 
(IL)-4, tumor necrosis factor (TNF)-α (a pro-inflamma-
tory cytokine), and substance P (SP). We also sought to 
explore the uniqueness of EVN in improving clinical 
symptoms and the underlying potential physiological 
mechanism.

Methods

Study Population
This was a retrospective study. Both serum IgE testing ≥0.7 

kAU/L and skin prick test (SPT) ≥ “++” confirmed the allergens. 
We selected 35 HDM-sensitive moderate to severe persistent AR 
patients and 15 healthy control subjects from May 13, 2018 to Oc-
tober 31, 2018. These patients not only had serious nasal obstruc-
tion, rhinorrhea, nasal itching, and sneezing, but also had different 
degrees of eye itching and lachrymation. The patients chose their 
treatment according to their self-selection, among these 20 who 
were unwilling to undergo immunotherapy had undergone bilat-
eral EVN (EVN group), and 15 had received SCIT (SCIT group). 
Fifteen healthy subjects served as a healthy control (HC) group. 
Table 1 shows the characteristics of the subjects. The diagnosis of 
AR was made according to the clinical symptoms, the examination 
of nasal mucosa, and the examination of allergens [1]. The exclu-
sion criteria were the following: nasal infection, eye infections, na-
sal obstruction including septal deviation, nasal polyps, and nasal 
cavity tumors, as well as severe systemic diseases, including heart 
disease, hypertension, and diabetes, and also severe immune sys-
tem problems, including asthma and allergic dermatitis. This 
study was approved by the Medical Research Ethics Committee of 
The First Affiliated Hospital of Nanchang University, Nanchang, 
China.

Skin Prick Test
SPT was performed with standard extracts (ALK-Abelló, Hørs

holm, Denmark). A total of 16 aeroallergens including Derma-
tophagoides pteronyssinus (Dp), Blomia tropicalis, willow, Alter-
naria tenuis, dog hair, Artemisia argyi, Aspergillus niger, ragweed, 
Humulus lupulus, cat hair, Platanus acerifolia, Blattella germanica, 
Populus tremula, Dermatophagoides farinae (Df), birch, and Ul-
mus pumila. We used histamine as a positive control. Fifteen min-
utes after exposure to allergens and histamine, we used a method 
described previously to evaluate the results of SPT [13].

Treatments
Bilateral EVN
We performed bilateral EVN under endotracheal intubation 

and general anesthesia. Under direct vision of a wide-angle nasal 
endoscope, we used pieces of surgical cotton soaked in xylo-
metazoline hydrochloride to shrink the blood vessels of nasal mu-

Table 1. Basic clinical characteristics of the patients

HC group
(n = 15)

EVN group
(n = 20)

SCIT group
(n = 15)

p value

Mean age (SD), years 30.33 (7.92) 31.45 (7.76) 29.33 (8.50) 0.760
Male/female, n 9/6 10/10 10/5 0.603
Positive to Dp (++/+++/++++), n Negative 5/11/4 3/9/3 0.825
Positive to Df (++/+++/++++), n Negative 4/11/5 3/8/4 0.943
Mean duration (SD), years 14.60 (1.22) 14.75 (1.16) 0.931

HC, healthy controls; EVN, patients undergoing endoscopic neurotomy; SCIT, patients treated with Dp 
subcutaneous immunotherapy; Dp, D. pteronyssinus; Df, D. farina; SD, standard deviation.
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cosa enough to improve visualization. We used a sickle knife to 
make an incision at the attachment of the end of the middle turbi-
nate, and then found the sphenopalatine foramen. The anterior 
opening of the vidian canal was at the posterolateral side of the 
sphenopalatine foramen [14]. After probing and cutting the vidian 
nerve with the nerve crochet, the tissue around the opening of the 
vidian canal was fully coagulated using a plasma knife. The proce-
dure was performed bilaterally.

Dp Subcutaneous Immunotherapy
A standardized treatment plan of conventional SCIT and com-

mercial standardized injections with extract of Dp (Alutard SQ; 
ALK-Abelló) were performed in the SCIT group as previously de-
scribed. The first injection volume was 20 SQ-U/mL; over the next 
14 weeks the drug was injected once a week, with doses increasing 
by 20, 40, 80, 200, 400, 800, 2,000, 4,000, 8,000, 10,000, 20,000, 
40,000, 60,000, 80,000, and 100,000 SQ-U/mL; the injection inter-
val was then gradually extended to 6 weeks until the end of treat-
ment and the dose was maintained at 100,000 SQ-U/mL [15]. After 
each injection, we observed the patients for 30 min. We recorded 
and adverse reactions the patients had after the injection. 

Drug Treatment
Depending on the clinical situation of AR after EVN or SCIT 

treatment, patients received appropriate drugs such as nasal de-
congestants and antihistamines for emergency treatment.

Quality of Life and Clinical Symptom Evaluation
The patients’ quality of daily life was assessed by the Rhinocon-

junctivitis Quality of Life Questionnaire (RQLQ) [16]. The sever-
ity of nasal and ocular symptoms was assessed by visual analog 
scale (VAS) [17], which ranged from 0 (asymptomatic) to 100 (ex-
tremely poor). The main evaluation contents of VAS include na-
sal-specific symptoms of AR and ocular-specific symptoms (eye 
itching and lachrymation).

Follow-Up Visit
Before treatment, the initial RQLQ and VAS scores were taken 

from each participant. All the patients in the EVN group were in-
terviewed monthly in the first 6 months and then surveyed every 
6 months. At each follow-up, patients completed the RQLQ and 
VAS scores and self-reported their discomfort. Then we recorded 
the type and severity of complications. The patients in the SCIT 
group were followed up at the time of each injection. During each 
review, RQLQ and VAS scores were completed before injection, 
and we recorded the type and severity of adverse reactions after the 
injection. The survey included clinic interviews and internet soft-
ware interviews.

Clinical Efficacy of Bilateral EVN and SCIT
We compared the clinical efficacy of bilateral EVN and SCIT at 

12 months after treatment. VAS was used to test clinical efficacy. 
The rate of improvement was calculated as: (VAS score prior to 
treatment – VAS score post-treatment)/VAS score prior to treat-
ment × 100%. The improvement was defined as high if ≥66%, 
moderate if between 26 and 65%, and not observed if ≤25%. Effi-
cacy was calculated as: number with moderate and high improve-
ment/total number × 100% [15].

Blood Sample Collection
An initial blood sample was taken from all participants on the 

day in which individuals were enrolled in our study. At 4 and 12 
months after treatment, each patient returned to the hospital to 
provide a 5-mL peripheral blood sample. Before each blood sample 
collection, any medication with a high risk of anaphylaxis or drug 
interference was discontinued for drug-specific washout periods. 
These were 2 days for nasal decongestants in general, 4–5 days for 
topical antihistamines, 48–72 h for nasal corticosteroids, and 48 h 
to 1–2 weeks for oral antihistamines (the specific drugs deter-
mined the exact interval). Each peripheral venous blood sample 
was taken by an experienced nurse in an aseptic procedure, and the 
serum was then immediately isolated by centrifugation (Thermo 
ST16R) at 3,000 rpm for 10 min. We collected the serum and stored 
it in sterile conditions at –80  ° C for later use.

ELISA and Serum IgE Measurements
The serum IFN-γ, IL-4, TNF-α, SP, and tIgE were measured by 

ELISA with commercial human IFN-γ, IL-4, TNF-α, SP, and hu-
man IgE kit (Elabscience Biotechnology Co. Ltd, Wuhan, China). 
We used the UNICAP system (Pharmacia, Uppsala, Sweden) to 
detect the concentration of serum Df and Dp sIgEs. In our study, 
all the serum samples were anonymized during experimental op-
erations.

Statistical Analysis
For categorical data, χ2 or Fisher exact tests were performed. 

We presented continuous variable data as the mean (SD). We used 
the Student t test or Mann-Whitney U test to compare the evalua-
tion for intergroup comparisons. One-way ANOVA or non-para-
metric test was used for the evaluation before and after treatment 
and among the 3 groups. p values < 0.05 were considered statisti-
cally significant. We performed the statistical analysis with SPSS 
statistical software version 22.0. 

Results

Changes in RQLQ Scores
Compared with the baseline scores, the scores of 

RQLQs were significantly decreased at 4 months after 
treatment in the EVN group (p < 0.001; Fig. 1a) and SCIT 
group (p < 0.001; Fig. 1b). However, there was no inter-
group difference at 4 months after treatment (p > 0.05; 
Fig. 1c). Compared with the data at 4 months, both the 
RQLQs in the EVN group and SCIT group showed no 
further decline at 12 months after treatment (for both p > 
0.05; Fig. 1a, b). However, at 12 months after treatment, 
the RQLQs of the EVN group were lower compared with 
the SCIT group (p < 0.01; Fig. 1c). The daily life of the HC 
group was not affected (Fig. 1c). This finding showed that 
both bilateral EVN and SCIT can improve the AR pa-
tients’ quality of daily life. Interestingly, bilateral EVN 
was more effective than SCIT at 12 months after treat-
ment.
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Clinical Efficacy
Compared with the baseline scores, the VAS values of 

nasal obstruction (Fig.  2a), rhinorrhea (Fig.  2b), nasal 
itching (Fig. 2c), sneezing (Fig. 2d), eye itching (Fig. 2e), 
lachrymation (Fig. 2f), and total symptoms (Fig. 2g) were 
decreased at 4 months after treatment in the EVN group 
(all p < 0.05). However, these symptom scores in the EVN 
group at 12 months after treatment were not significantly 
different from the data at 4 months after surgery (all p > 
0.05; Fig. 2a, g). In the SCIT group, compared with the 
baseline scores, VAS values of nasal obstruction (Fig. 2a), 
rhinorrhea (Fig.  2b), nasal itching (Fig.  2c), and total 
symptoms (Fig. 2g) declined significantly at 4 months af-
ter treatment. However, the VAS results for sneezing 
(Fig. 2d), eye itching (Fig. 2e), and lachrymation (Fig. 2f) 
showed no significant decline at 4 months after treat-
ment. Compared with the baseline scores, VAS values for 
nasal obstruction (Fig. 2a), nasal itching (Fig. 2c), sneez-
ing (Fig. 2d), lachrymation (Fig. 2f), and total symptoms 
(Fig. 2g) in the SCIT group declined significantly at 12 
months after treatment. However, the VAS results for 
rhinorrhea (Fig. 2b) and eye itching (Fig. 2e) showed no 
significant decline at 12 months after treatment (both p > 
0.05). Bilateral EVN showed a higher clinical efficacy than 
SCIT in improving nasal obstruction, rhinorrhea, eye 
itching, lachrymation, and total symptoms scores (all p < 
0.05; Fig. 2h). We found no difference between bilateral 
EVN and SCIT in improving nasal itching and sneezing 
at 12 months after treatment (all p > 0.05; Fig. 2h).

Effects of Bilateral EVN and SCIT on the Levels of 
Serum IgE
Compared with the preoperative baseline, serum tIgE 

(Fig. 3a), Dp sIgE (Fig. 3b), and Df sIgE (Fig. 3c) levels 
decreased at 12 months after treatment in the EVN group 
(all p < 0.05). However, there was no significant difference 
in serum total IgE (Fig. 3a), Dp sIgE (Fig. 3b), and Df sIgE 
(Fig. 3c) levels at 4 and 12 months after treatment com-
pared with baseline in the SCIT group (all, p > 0.05). The 
serum total IgE, Dp, and Df sIgE levels between the EVN 
and SCIT groups all showed no difference at all time 
points observed (all p > 0.05; Fig. 3d, f).

Changes of Serum IFN-γ, IL-4, TNF-α, and SP
The serum IFN-γ levels in the EVN and SCIT groups 

before treatment were lower than in the HC group (both 
p < 0.05; Fig. 4a). However, compared with baseline, there 
was no significant change in serum IFN-γ at 4 and 12 
months after treatment both in the EVN and SCIT groups 
(both p > 0.05; Fig. 4a). Compared with the baseline, both 
the serum IL-4 (Fig. 4b) and TNF-α levels (Fig. 4c) de-
creased at 4 and 12 months after treatment in the SCIT 
group (all p < 0.05). The initial levels of serum IL-4 
(Fig. 4d) and TNF-α (Fig. 4e) in the EVN and SCIT groups 
were higher than in the HC group (all p < 0.05). The se-
rum IL-4 (Fig. 4d) in the SCIT group returned to normal 
levels as of 12 months after treatment, and TNF-α (Fig. 4e) 
levels in the SCIT group declined to normal levels at 4 
months after treatment. However, in the EVN group, 
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only the serum TNF-α level decreased to normal levels at 
12 months after treatment (p < 0.05; Fig. 4e); notably, se-
rum IL-4 did not change at 12 months after surgery, al-
though it showed a downward trend (p > 0.05; Fig. 4b). 
For at least 1 year of follow-up, there was no significant 
difference in the serum IL-4 and TNF-α levels between 
the EVN and SCIT groups (all p > 0.05; Fig. 4d, f). No sig-
nificant difference was shown in the serum SP among the 
3 groups before treatment, and no significant change was 
found in serum SP before or after treatment in either the 
EVN group or the SCIT group (all p > 0.05; Fig. 4f).

Complications and Adverse Reactions
In our study, 4 patients (20%) reported mild dry eye 

and mild eye strain after surgery, which resolved after 1–3 
months with or without eye drops, and our patients had 

no other ophthalmological problems, such as vision loss 
or eye movement disorder. Two patients (10%) in the 
EVN group reported numbness in the upper lip/palate 
during their follow-up, and in 1 of these patients this 
symptom disappeared within 6 months with the use of 
vitamin B. Another patient had unilateral upper lip/
mouthfeel numbness symptoms that lasted for almost a 
year. We did not observe other severe complications, in-
cluding intraoperative or massive bleeding during the op-
eration, or trauma of the oculomotor nerve. During the 1 
year of SCIT in the present study, local reactions (LRs) of 
SCIT occurred in 71 (21.5%) of the total 330 subcutane-
ous injections. One patient experienced mild chest tight-
ness following an injection therapy, which was quickly 
relieved by the emergency inhalation of albuterol. No 
other systemic reactions (SRs) occurred in our study.
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Discussion

We conducted a separate longitudinal comparison of 
2 different treatments for AR. We found that both bilat-
eral EVN and SCIT enhanced the patient’s quality of life 
and improved their clinical symptoms, which were obser-
vations consistent with other studies [15, 18]. Interest-
ingly though, we were the first to conduct a comparative 
study on bilateral EVN and SCIT in the treatment of AR. 
We discovered that bilateral EVN was more effective than 
SCIT in improving the quality of daily life and the symp-
toms of nasal obstruction, rhinorrhea, eye itching, and 
lachrymation at 12 months after treatment. Our data also 
showed that bilateral EVN and SCIT have the same clini-
cal effect for nasal itching and sneezing at 12 months after 

treatment. Also, bilateral EVN reduced the level of serum 
tIgE, sIgE, and TNF-α in AR patients at 12 months after 
surgery.

SCIT has been proven to have a good long-term clini-
cal effect on AR. Jacobsen et al. [19] established that a 
3-year course of SCIT offers a sustained clinical benefit 
for up to 7 years after discontinuation. Ai et al. [18] re-
ported that 3 years after bilateral EVN treatment for AR 
the clinical efficacy of surgery is still good. Our data sug-
gested that EVN treatment is better than SCIT at 1 year 
after treatment. However, considering that the patients in 
the SCIT group had been receiving immunotherapy for 
only 1 year, immunotherapy did not achieve its maxi-
mum effectiveness within the period of the study [20]. 
Thus, we need a longer follow-up to confirm whether the 
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Fig. 3. Changes in serum tIgE and sIgE. Serum tIgE (a), Dp sIgE 
(b), and Df sIgE (c) levels of AR patients were compared before 
and after bilateral EVN or SCIT treatment, respectively. Serum 
tIgE (d), Dp sIgE (e), and Df sIgE (f) levels were compared among 
the HC, EVN, and SCIT groups. Data are shown as bar charts for 
individual parameters. * p < 0.05, ** p < 0.01, *** p < 0.001. HC, 

healthy control subjects (n = 15); EVN, patients undergoing bilat-
eral endoscopic neurotomy (n = 20); SCIT, patients treated with 
Dp subcutaneous immunotherapy (n = 15); baseline, before treat-
ment; 4 months, 4 months after treatment; 12 months, 12 months 
after treatment; ns, not significant.
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clinical efficacy of bilateral EVN is better than that of a 
long and continuous SCIT treatment.

An EAACI position paper [9] pointed out that the tIgE 
and sIgE levels during AIT vary from study to study. 
Whether it remained unchanged, increased, or decreased 
seems to depend largely on the sampling time, but the 
sIgE levels have been proven to eventually decline over 
time. Our data showed that there were no significant 
changes in the serum tIgE, Dp sIgE, and Df sIgE levels in 
the SCIT group at 4 and 12 months after treatment. How-
ever, it is interesting to note that bilateral EVN reduced 
the levels of peripheral serum tIgE, Dp sIgE, and Df sIgE 
of the AR patients at 12 months after surgery, which has 
not been reported before. Studies on EVN have focused 
on clinical efficacy and the selection of surgical methods 

[11, 14, 18]. The vidian nerve comprises parasympathetic 
fibers (main composition) and sympathetic fibers. Para-
sympathetic fibers dominate both the vasodilatation and 
the exocrine glands of the nasal mucosa, and the sympa-
thetic nervous system predominates and maintains vas-
cular tension [21, 22]. In a pathological condition, the re-
lease of neuropeptides and acetylcholine in nasal mucosa 
innervate vasorelaxation and increases nasal obstruction 
and secretion [23]. Vidian neurectomy could cause vaso-
constriction of the nasal mucosa and decreased glandular 
secretion [24]. After surgery and within the 12 months of 
follow-up in our study, we also observed a significant im-
provement of the pallor and edema of the nasal mucosa 
of AR patients. Therefore, we hypothesize that the pos-
sible mechanism for the serum tIgE and sIgE decrease 
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Fig. 4. Changes in serum IFN-γ, IL-4, TNF-α, and SP. a Serum 
IFN-γ measured in the HC, EVN, and SCIT groups. Serum IL-4 
(b) and TNF-α (c) levels of AR patients were compared before and 
after bilateral EVN or SCIT treatment, respectively. Serum IL-4 (d) 
and TNF-α (e) levels were compared among the HC, EVN, and 
SCIT groups. f Serum SP was measured in the HC, EVN, and SCIT 
groups. Data are shown as bar charts for individual data. * p < 0.05, 

** p < 0.01, *** p < 0.001; # p < 0.05 compared with the HC group; 
+ p > 0.05 compared with the HC group. HC, healthy control sub-
jects (n = 15); EVN, patients undergoing bilateral endoscopic neu-
rotomy (n = 20); SCIT, patients treated with Dp subcutaneous im-
munotherapy (n = 15); baseline, before treatment; 4 months, 4 
months after treatment; 12 months, 12 months after treatment; ns, 
not significant.
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after surgery is related to the bilateral EVN alleviation of 
the nasal mucosa inflammatory response in the AR pa-
tients.

The increased tendency to apoptosis of activated Th1 
cells might account for the predominant response of Th2 
cells in allergic diseases [25]. Consistent with the litera-
ture [26], in our study, the levels of serum IFN-γ and IL-4 
in the AR patients were lower and higher than in the HC 
group, respectively. In addition to avoiding allergens, SIT 
is currently the only immunity-modifying treatment for 
allergens, it induces a return to normal balance between 
Th2 and Th1 [27, 28]. Unfortunately, in the present study, 
neither bilateral EVN nor SCIT increased the serum 
IFN-γ levels of the AR patients within 1 year after treat-
ment. AIT is also expected to downregulate the inflam-
matory cytokines and chemokines [29, 30]. Our data 
showed that SCIT could reduce IL-4 and TNF-α levels in 
the peripheral blood, and these players may participate in 
the intrinsic mechanism of immunotherapy for AR. In-
triguingly, we found that bilateral EVN also reduced the 
serum TNF-α of AR patients at 12 months after surgery. 
Studies have shown that TNF-α is involved in type I hy-
persensitivity reactions as a pro-inflammatory cytokine. 
TNF-α is released during allergic responses from both 
mast cells and macrophages through IgE-dependent 
mechanisms by enhancing the effect of IL-4 [31, 32]. 
TNF-α is necessary for raising Th2 and eosinophils cells 
to the site of allergic inflammation, and also required for 
the production of Th2-type cytokines [31, 33]. In our 
study, serum TNF-α decreased and serum IL-4 showed a 
declining trend after surgery. Based on some previous 
studies, inhibition of cholinergic nerve hyperactivity us-
ing ipratropium bromide decreased expression of IL-4 
mRNA in the nasal mucosa of BALB/c mice [34], and in 
vitro cholinergic nerve inhibition with ipratropium bro-
mide decreased AR CD4 T cell polarization into Th2 cells 
partially through an Akt-dependent mechanism [35]. All 
these findings showed that inhibition of cholinergic nerve 
hyperactivity by cutting off the bilateral vidian nerve 
could change the inflammatory state of AR. IL-4 and 
TNF-α may play an important intermediate role; how-
ever, the underlying mechanism still needs to be ex-
plained.

Parasympathetic fibers release acetylcholine and neuro-
peptide transmitters, such as SP and nerve growth factor 
[23]. Chalastras et al. [36] found that the increases of some 
neuropeptides, including SP in the nasal mucosa, were cor-
related with symptoms of AR. Ma et al. [37] reported that 
bilateral EVN reduced the levels of SP in the nasal mucosa. 
Since it was difficult to get postoperative nasal mucosa spec-

imens from our patients, we tried to monitor the changes 
of SP in the peripheral blood in our study. However, our 
data indicated that serum SP cannot be used as a readout of 
the neuroimmune status of the nasal mucosa.

The complications and adverse reactions should not 
be ignored. The most common postoperative complica-
tions of EVN are eye dryness and numbness in the upper 
lip/palate [18, 37]. Although there were no serious post-
operative complications in our study, 4 (20%) patients in 
the EVN group reported mild eye dryness and mild eye 
strain, and 2 (10%) reported numbness in the upper lip/
palate after surgery. Fortunately, and consistently with 
previous reports [18], within 1 year after surgery the pa-
tients had recovered from these complications. Further-
more, as mentioned there were no other ophthalmologi-
cal problems. We should state that most of these compli-
cations occurred in the early stage of our study, and the 
incidence of surgical complications decreased with the 
accumulation of surgical experience and the strengthen-
ing of the intraoperative protection of the surrounding 
structures of the vidian canal. For SCIT, LRs are defined 
as pruritus and/or erythema at the site of injection. Im-
mediate erythema with a diameter > 5 cm and tardive ery-
thema with a diameter > 10 cm were defined as LRs. The 
SRs included nettle rash, dyspnea, angioedema, and al-
lergic shock. James and Bernstein [38] showed that the 
rates of LRs and SRs of SCIT were 26–86% and 0.1–0.2%, 
respectively. During the 1 year of SCIT in our experiment, 
the incidence rates of LRs and LRs to SCIT treatment 
were 21.5 and 0.3%, respectively.

Patients with refractory AR who choose SCIT need to 
go back and forth to the hospital for treatment repeatedly. 
The time and economic costs are high, and the therapeu-
tic effect for some patients is still not ideal. Thus, we con-
sider that bilateral EVN is a good choice for adult patients 
with refractory AR for whom immunotherapy has failed 
or who are not expected to adhere to regular immuno-
therapy and are eager to improve their condition.

Conclusions

Considering a 12-month follow-up period, our results 
showed that bilateral EVN is more effective than SCIT in 
treating HDM-sensitive AR. This may be because the sur-
gery reduced tIgE and sIgE levels. At the same time, 
TNF-α may be involved in the therapeutic mechanism. 
However, the follow-up time of our study was relatively 
short, and the different long-term effects of EVN and 
SCIT require further investigation.
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