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Incidence and influencing factors 
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Objective: To investigate the current situation of olfactory dysfunction in patients 
after endoscopic transsphenoidal resection of pituitary tumors, and analyze its 
influencing factors, to provide references for clinical nursing and rehabilitation.

Methods: A cross-sectional study design and convenience sampling method 
were used to investigate 158 patients with pituitary tumors treated by endoscopic 
transsphenoidal pituitary tumor resection in the Department of Neurosurgery 
of three Grade-A general hospitals in Sichuan Province from January 2022 
and June 2023. The olfactory function of patients was evaluated 1 week after 
surgery, and the general clinical data and olfactory related data of patients were 
collected, and the influencing factors of olfactory disorder were analyzed by 
logistic regression.

Results: The incidence of olfactory dysfunction was 73.42%. analysis revealed 
that the formation of blood scabs, nasal cavity adhesion, cerebrospinal fluid 
leakage and operation time were independent risk factors for olfactory 
dysfunction in patients after transsphenoidal pituitary tumor resection (p  <  0.05).

Conclusion: The incidence of olfactory dysfunction is high in patients after 
endoscopic transsphenoidal resection of pituitary tumors, suggesting that 
medical staff should pay close attention to and identify patients with olfactory 
dysfunction based on the guidance of disease knowledge and skills, develop 
targeted nursing interventions, and promote the improvement of patients’ 
olfactory function and quality of life.
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1 Introduction

Pituitary tumor is one of the most common intracranial tumors, 
with an incidence of 16.7% (1), accounting for 10%–25% of 
intracranial tumors (2). Endoscopic endonasal transsphenoidal 
resection has become a popular method for treating pituitary tumors 
in recent years. This method offers several advantages, including less 
trauma, fewer complications, and faster recovery (3).

The olfactory nerve fibers pass through the cribriform plate, upper 
turbinate, upper nasal septum, and middle turbinate. During 
transsphenoidal pituitary tumor resection, damage to the nasal 
structures and olfactory nerve is inevitable, which can result in the 
risk of transient or permanent olfactory loss in patients (4–6). Some 
scholars have reported that (7), patients who underwent endoscopic 
surgery experienced a significant decline in nasal integrity 1 month 
after the surgery. Additionally, 39% of patients had deteriorated 
olfactory status, and 24.3% experienced anosmia or hyposmia.

Olfactory dysfunction can lead to decreased appetite (8), anxiety, 
depression, social isolation and other negative emotions (9). It can also 
significantly impair the ability to detect dangerous odor signals (10), 
seriously affecting the quality of life and physical health of patients. 
Currently, some scholars have researched the factors that influence 
postoperative olfactory dysfunction. However, the included factors are 
limited, mostly focusing on surgical injuries. There are fewer studies 
on factors such as the duration of surgery and postoperative nasal 
cavity condition and other factors (11).

A meta-analysis (12) showed that implementing olfactory nursing 
interventions during the early postoperative period can effectively 
improve the degree of dysfunction in patients with pituitary tumor 
after surgery. Therefore, this study aims to investigate and analyze the 
factors that influence olfactory impairment in patients 1 week after 
endoscopic transsphenoidal pituitary tumor resection. The objective 
is to improve the attention of nursing staff and provide theoretical 
references for the implementation of targeted interventions as early as 
possible in clinical practice.

2 Materials and methods

2.1 Study design and participants

By convenience sampling, we selected pituitary tumor patients 
who were admitted to the neurosurgery departments of three tertiary 
general hospitals in Sichuan Province between January 2022 and 
June 2023.

The inclusion criteria were the following: preoperative cranial 
imaging (CT or MRI) showed sellar space occupying lesions; 
postoperative pathology showed pituitary adenoma; first-time 
pituitary tumor surgery, with the surgical procedure being a 
neuroendoscopic transsphenoidal pterygoid approach pituitary tumor 
resection; ≥18 years old; participants had no olfactory dysfunction 
before operation and could complete the olfactory test; agreed to 
participate in this study and signed the informed consent.

Exclusion criteria for this study include, nasal septum deviation 
exceeding 5 mm from the midline; previous cases of head trauma, 
nasal surgery or radiotherapy; Cases with history of upper respiratory 
tract infection; subjective olfactory disturbance caused by olfactory 
sulcus meningioma, tuberculum sellae meningioma and other 

etiologies; reoperation due to postoperative cerebrospinal fluid 
leakage, intracranial infection and short-term tumor recurrence; 
unwillingness to participate in the evaluation of this study or 
ineffective follow-up.

2.2 Ethical considerations

The study approved by the Ethics Committee of Deyang people’s 
Hospital (No. 2021-04-059-K01), and the personal information of 
participants was anonymously treated for privacy and confidentiality.

Written informed consent was obtained from all the participants 
prior to the enrollment of this study.

2.3 Research tools

2.3.1 General information survey form
The questionnaire was designed based on the summary analysis 

of domestic and foreign literature and expert consultation. (i) 
Demographic sociological characteristics including age, gender, 
smoking history, drinking history, and allergy history. (ii) Disease-
related factors including pituitary tumor size, type, stroke, and 
operation duration. (iii) Postoperative nasal conditions including 
blood scab formation, mucosal erosion, nasal adhesion, sinus effusion, 
and cerebrospinal fluid rhinorrhea. (iv) These underlying diseases 
included hypertension, diabetes, coronary artery disease, chronic 
renal disease, chronic obstructive pulmonary disease, etc.

2.3.2 The olfactory dysfunction measuring
The “Five Odour Olfactory Test,” developed by the Institute of 

Semiconductors, Chinese Academy of Sciences, an odor identification 
test specifically for the Chinese population (13, 14). The bromine used 
in the test is a substance that is common in the lives of Chinese people 
and is also widely used in China. The olfactory test used five 
standardized odorants: A (acetic acid, which has a sour odor), B (amyl 
acetate, which has a banana odor), C (eugenol, which has a floral 
odor), D (menthol, which has a mint odor), E (3-methylindole, which 
has a fecal odor), and water was the control reagent.

Olfactometry Steps (13, 14): The examiner placed the test solution 
approximately 1 cm in front of the subject’s nostrils, and asked the 
subject to sniff 2–3 times without deep inhalation. Five concentrations 
(labeled 1–5) and five odors (A to E) were tested, starting from the low 
concentration 1, and the serial number of the concentration when the 
odor could be felt or recognized was recorded.

Test results (13, 14): At the conclusion of the test, the patients were 
scored based on their ability to identify the odorant concentration, 
and the average of the five reagent was considered as the olfactory 
score, which represented the patient’s olfactory function. Patients were 
assigned a score of “0” if they could not smell the test liquid at any 
concentration, and the “0” item was not included in the average 
calculation. Those with a score of “0” were included in the olfactory 
dysfunction group. The olfactory function was detected at 
1 week postoperatively.

Precautions (13): The olfactory test was conducted 2 h after a meal 
in all patients who had not taken any medication in the nasal cavity. 
Smokers need to be tested after 6 h of smoking. When performing the 
olfactory test, the time interval for replacing the olfactory agent should 
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be  20 to 30 s to avoid olfactory fatigue. The entire process lasted 
approximately 3–5 min. The test environment needed to be quiet, 
odorless, well-ventilated, and maintained at a consistent temperature. 
Both the test subject and the tester were instructed to avoid using any 
cosmetics or perfumes that contain irritating fragrances on their 
hands and face.

2.4 Data collection

The lead investigator standardized the training for researchers 
following approval from each hospital and department. After patients 
provided signed informed consent, trained investigators conducted 
olfactory assessments and administered general information 
questionnaires. The completed questionnaires were reviewed 
immediately and retrieved after confirmation of accuracy. Data entry, 
de-identification, and analysis were carried out by separate individuals. 
Two researchers input the questionnaire results, and another member 
desensitizes the data and submits it to the data analyst. A total of 168 
patients were investigated, 10 patients were interrupted due to 
incorrect olfactory testing, and 158 valid data were finally obtained, 
with an effectiveness rate of 94.05%.

2.5 Statistical analyses

Statistical analyses were conducted using SPSS version 22.0. 
Continuous variables were described by mean and standard deviation 
(SD), while categorical variables were summarized by frequencies and 
percentages. One-way analysis was performed using chi-squared 
testing. The potential risk factors associated with olfactory dysfunction 
were first screened through logistic single-factor regression analysis 
between the two groups. Subsequently, binary logistic multiple-factor 
regression analysis was introduced to calculate the logistic regression 
coefficient (B), standard error, Wald value, odds ratio (OR), and the 
95% confidence interval (CI) of OR to analyze the independent 
influences on the occurrence of olfactory dysfunction. A two-sided 
p-value < 0.05 was considered statistically significant.

3 Results

3.1 Baseline characteristics of the study 
participants

This study investigated 158 patients who underwent Endoscopic 
Transsphenoidal Resection of pituitary tumor, 83 (52.53%) were male 
and 75 (47.47%) were female. Postoperative olfactory dysfunction was 
observed in 116 patients (73.42%), while 42 patients (26.58%) did not 
have any issues with their sense of smell.

3.2 Univariate analysis of postoperative 
olfactory dysfunction in patients

The univariate analysis results revealed that (Table 1) age, pituitary 
adenoma apoplexy, blood scab formation, nasal adhesion, cerebrospinal 
fluid rhinorrhea, and operation duration were the significant factors that 

influenced the development of olfactory dysfunction in patients after 
Endoscopic Transsphenoidal Resection of pituitary tumor (p < 0.05).

3.3 Logistic regression analysis of 
postoperative olfactory dysfunction in 
patients

Logistic regression analysis was conducted to determine the 
relationship between olfactory dysfunction and the independent 
variables that showed statistically significant results in the univariate 
analysis (Table  2). The dependent variable was the presence of 
olfactory dysfunction, denoted as 0 for no dysfunction and 1 for 
dysfunction. The Hosmer-Lemeshow test (χ2 = 7.479, p = 0.486 > 0.05) 
indicated a good model fit. The study revealed that blood scab 
formation (yes = 0, no = 1), nasal adhesion (yes = 0, no = 1), 
cerebrospinal fluid rhinorrhea (yes = 0, no = 1), and operation duration 
(≥2 h = 0, <2 h = 1) were independent risk factors (p < 0.05) associated 
with the development of olfactory dysfunction in patients after 
Endoscopic Transsphenoidal Resection of pituitary tumor.

4 Discussion

4.1 Olfactory dysfunction incidence after 
transsphenoidal pituitary tumor resection

The study showed that 73.42% of patients had olfactory 
dysfunction 1 week after endoscopic transsphenoidal pituitary tumor 
resection. This indicates that olfactory dysfunction is a common 
occurrence in postoperative patients, and medical staff should 
monitor changes in olfactory function. The percentage was higher 
than the findings of Sowerby et  al. (15) (40.91%) and Chen (16) 
(54.84%), and basically consistent with the research results of Wang 
et al. (17) (75%). The possible reasons are as follows. (i) Different 
assessment tools. Quantitative measurement of olfactory function 
include subjective assessment, psychophysical testing, and 
electrophysiology (18). Patients’ subjective assessment of olfactory 
function is imprecise and inconsistent with actual olfactory ability due 
to differences in pain burden and self-esteem (19, 20). Sowerby et al. 
(15) used the University of Pennsylvania Smell Identification Test 
(UPSIT), a psychophysical test that requires patients to consciously 
respond and relate their sensory experience to the properties of a 
previous physical stimulus. The five-odor olfactory test method used 
in this study is suitable for assessing olfactory dysfunction in the 
Chinese population, with a sensitivity of 74% and a specificity of 
91.7% (21). While psychophysical tests are considered to produce 
objective olfactory data, they are not entirely objective and reflect the 
patient’s subjective interpretation of each odor (22). Therefore, there 
may be  some differences between different assessment tools. (ii) 
Inconsistency timing of assessment. Sowerby et al. (15) reported the 
olfactory test results of patients 3 months before surgery, Chen Yanxin 
(16) reported the occurrence of olfactory dysfunction 6 months after 
surgery. In contrast, both the present study and Wang et  al. (17) 
selected olfactory assessments 1 week after surgery. During endoscopic 
transsphenoidal surgery, olfactory nerve fibers may be  damaged, 
resulting in decreased olfactory function. The olfactory cells have a 
certain repair and regeneration ability, which can be  repaired by 
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TABLE 1 Univariate analysis of postoperative olfactory dysfunction (n  =  158).

Olfactory 
dysfunction

No olfactory 
dysfunction

Statistical 
value

p-value

(n  =  42) (n  =  116)

Age 4.823 0.028

<65 27(22.3) 94(77.7)

≥65 15(40.5) 22(59.5)

Gender 0.001 0.982

Male 22(26.5) 61(73.5)

Female 20(26.7) 55(73.3)

Smoking history 3.111 0.078

Yes 19(35.2) 35(64.8)

No 23(22.1) 81(77.9)

Drinking history 0,637 0.425

Yes 20(29.9) 47(70.1)

No 22(24.2) 69(75.8)

Allergy history 0.007 0.933

Yes 3(33.3) 6(66.7)

No 39(26.2) 110(73.8)

Underlying diseases 0.018 0.893

Yes 14(25.9) 40(74.1)

No 28(26.9) 76(73.1)

Pituitary tumor size 0.000 1.000

d < 10 mm 1(50.0) 1(50.0)

d ≥ 10 mm 41(26.3) 115(73.7)

Pituitary tumor type 5.026 0.413

Prolactinomas 6(42.9) 8(57.1)

Somatotropinoma 2(11.8) 15(88.2)

Adenocorticotroph hormone adenoma 4(25.0) 12(75.0)

Thyrotropinoma 2(50.0) 2(50.0)

Luteinizing hormone tumor/Follicle stimulating hormone tumor 5(27.8) 13(72.2)

Nonfunctioning pituitary adenomas 23(25.8) 66(74.2)

Pituitary adenoma apoplexy 5.690 0.017

Yes 2(7.7) 24(92.3)

No 40(30.3) 92(69.7)

Nasal sphenoid sinus infections 1.785 0.182

Yes 0(0.0) 8(100.0)

No 42(28.0) 108(72.0)

Blood scab formation 31.003 <0.001

Yes 12(11.9) 89(88.1)

No 30(52.6) 27(47.4)

Mucosal erosion 0.727 0.394

Yes 0(0.0) 5(100.0)

No 42(27.5) 111(72.5)

Nasal adhesion 6.315 0.012

Yes 5(11.9) 37(88.1)

No 37(31.9) 79(68.1)

(Continued)
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themselves in about 30 days, and the olfactory damage in most patients 
can be relieved by themselves in 1–3 months after surgery (23). Some 
studies have pointed out that (24), the duration of olfactory 
dysfunction is closely related to the recovery time of olfaction. The 
longer the duration of olfactory dysfunction, the longer the time 
required for olfactory recovery. Therefore, inconsistency in the timing 
of assessment may be one of the factors contributing to the differences 
in results.

Olfactory dysfunction has been shown to be a common clinical 
health problem, which has a significant impact on the quality of life of 
patients (25). In the postoperative nursing process, medical staff 
should pay early attention to the olfactory situation of patients, and 
implement early intervention measures to promote the recovery of 
olfactory function and improve patients’ quality of life.

4.2 Influencing factors of olfactory 
dysfunction after transsphenoidal pituitary 
tumor resection

4.2.1 Blood scab formation
This study found that the probability of blood scab formation in 

the nasal cavity of patients after transsphenoidal pituitary tumor 
resection was 63.92%, which was an important influencing factor of 
postoperative olfactory dysfunction (p  < 0.05). Under normal 
conditions, volatile odor molecules typically reach the olfactory 
epithelium at the level of the sieve plate, upper nasal septum, and 

middle/upper turbinate, and activate olfactory receptors by dissolving 
into the mucus layer (26). After transsphenoidal surgery, the olfactory 
epithelium and its surrounding mucosa may experience issues such as 
blood scab formation and structural changes (27), leading to physical 
blockage of airflow in the nasal cavity, preventing odor molecules 
from reaching the olfactory receptor neurons and impacting the 
recovery of olfactory function. Furthermore, eosinophilic infiltration 
may occur in the area of blood crust formation, resulting in prolonged 
exposure of the nasal mucosa to fungal extracts, leading to significant 
thinning of the olfactory epithelium and exacerbating the development 
of olfactory dysfunction (26, 28, 29). Koskinen et al. (30) also found 
that the long-standing nasal blood scab may lead to chronic bacterial 
colonization, and further affecting the olfactory function. It has been 
concluded that (31), nasal care with saline nasal irrigation and at least 
2–3 endonasal debridement procedures within 6 weeks after surgery 
may shorten the time to olfactory recovery. Nasal irrigation as a 
common care method to prevent and alleviate nasal complications 
may be attributed to its physical cleansing mechanism, which has 
significant advantages in improving mucociliary clearance, controlling 
local inflammation and preventing mucosal adhesions, and has many 
advantages such as safety, efficacy, comfort and low healthcare 
costs (32).

Therefore, it is recommended that medical staff should rinse the 
nasal cavity and clean the blood scab regularly after surgery to reduce 
the formation of nasal blood scab, prevent bacterial breeding, and 
decrease the correlation between blood scab and postoperative 
olfactory impairment.

TABLE 1 (Continued)

Olfactory 
dysfunction

No olfactory 
dysfunction

Statistical 
value

p-value

(n  =  42) (n  =  116)

Sinus effusion 2.335 0.126

Yes 1(6.7) 14(93.3)

No 41(28.7) 102(71.3)

Cerebrospinal fluid rhinorrhea 16.507 <0.001

Yes 5(8.3) 55(91.7)

No 37(37.8) 61(62.2)

Operation duration 43.540 <0.001

≥2 h 35(54.7) 29(45.3)

<2 h 7(7.4) 87(92.6)

TABLE 2 Logistic regression analysis of postoperative olfactory dysfunction in patients (n  =  158).

Variables β SE Wald x2 P OR 95%CI

Constant 0.803 0.531 2.286 0.131 2.232 -

Age −0.379 0.590 0.414 0.520 0.684 0.215~2.173

Pituitary adenoma apoplexy 0.770 0.863 0.796 0.372 2.161 0.398~11.737

Blood scab formation 1.241 0.497 6.239 0.012 3.457 1.306~9.152

Nasal adhesion 1.527 0.677 5.082 0.024 4.604 1.221~17.364

Cerebrospinal fluid rhinorrhea 1.870 0.625 8.949 0.003 6.490 1.906~22.103

Operation duration −2.250 0.550 16.704 <0.001 0.105 0.036~0.310

https://doi.org/10.3389/fneur.2024.1402626
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Zhou et al. 10.3389/fneur.2024.1402626

Frontiers in Neurology 06 frontiersin.org

4.2.2 Nasal adhesion
The study showed that postoperative nasal adhesions may 

significantly affect the olfactory function of patients (p < 0.05), which 
is consistent with the results of other studies (33). Studies have shown 
that (34), patients undergoing endoscopic transsphenoidal surgery 
have impaired olfactory nerve fibers, increased nasal secretions, and 
prolonged mucociliary clearance, leading to nasal adhesions. Nasal 
adhesion causes the olfactory region to be  covered by viscous or 
purulent secretions, which hinders the repair of nasal mucosa and the 
normal recovery process of olfactory epithelium (18). Olfactins cannot 
contact with the cilia of olfactory receptor neurons, and the clearance 
of cilia was impaired, blocking the transmission of odorant to the 
olfactory mucosa, affecting the perception ability of olfactory cells, 
and leading to the decline of olfactory function (35). Additionally, 
Long-standing nasal adhesions have been observed to trigger chronic 
inflammation of the olfactory epithelium, which further damaged the 
mucus layer of the respiratory tract and olfactory epithelium, 
disrupted the normal renewal of olfactory sensory neurons, and 
interfered with olfactory receptor activation (36). Blood scab 
formation along the mucosal and olfactory epithelial incisal edge 
would increase nasal congestion and mucus secretion thickening, 
prolong the healing time of the nasal mucosa, and affect 
olfactory function.

As a result of, after the removal of nasal gauze in the postoperative 
period, it is recommended to perform nasal cleansing and separate the 
nasal adhesions, enhance the function of nasal mucosal cilia, reduce 
inflammatory factors, and promote the repair of nasal mucosa and 
wound healing.

4.2.3 Cerebrospinal fluid rhinorrhea
The study results indicate that patients who experienced 

cerebrospinal fluid rhinorrhea were 6.490 times more likely to 
develop olfactory dysfunction than those without (p < 0.05). Porras 
et  al. (37) pointed out that postoperative cerebrospinal fluid 
rhinorrhea is one of the most common complication of 
transsphenoidal surgery, which has a negative impact on the nasal 
cavity and olfactory nerves. When cerebrospinal fluid flows into the 
nasal cavity, the outflow or pulsatile overflow of clear fluid can 
be observed when its flow is significant. This can lead to physical 
obstruction in the nasal cavity, interference with the transmission 
of olfactory molecules and the normal function of the olfactory 
nerve, and an impact on the odor recognition ability of patients 
(38). Given the interconnected nature of the nasal cavity and cranial 
cavity, external bacteria and other pathogens are readily able to 
invade the central nervous system, leading to intracranial infection 
and further deterioration of the patient’s condition, which in turn 
impairs the recovery of olfaction (39). Cerebrospinal fluid 
rhinorrhea usually requires additional surgery in the naso-
pterygoid saddle region, which can further damage the nasal 
cavity (40).

In the postoperative period, patients should be counseled to 
avoid risk factors such as strenuous exercise and forceful coughing, 
as well as refrain from excessive nasal cavity cleansing and the use 
of tools that may rupture the mucous membranes, as these actions 
can exacerbate cerebrospinal fluid rhinorrhea. It is recommended 
that patients adhere to their physician’s instructions and gradually 
resume their daily activities and exercises within an appropriate 
time frame.

4.2.4 Operation duration
Studies have shown that the operation duration is significantly 

correlated with the occurrence of postoperative olfactory dysfunction 
(p < 0.05). The nasal mucosa plays a pivotal role in the respiratory 
system, and the mucus removal mechanism of its epithelial cilia is 
highly effective in removing bacteria and crusts from the nasal cavity 
(41). While endoscopic transnasosphenoidal approach have usually 
required resection of normal anatomical structures, such as the 
superior turbinate, middle turbinate, superior septum, or lamina 
cribrosa, instrument manipulation may damage olfactory nerves and 
mucosa, which could inevitably affect the sense of smell. The longer 
the duration of surgery, the longer the nasal dilator compressed the 
nasal tissues and olfactory nerves (25). Prolonged instrumentation 
may damage the olfactory nerves, potentially causing more severe 
tissue edema, congestion, inflammatory response, and olfactory 
damage, leading to decrease nasal secretions and mucosal atrophy, 
which could ultimately lead to olfactory dysfunction (42). Some 
studies have demonstrated that (43), nasal mucosal edema can further 
impede the transport of olfactory molecules to receptor neurons, 
thereby interfering with the transmission of odor molecules and the 
perception of olfactory signals, which can result in olfactory decline.

In addition, it is important to handle the tissues with care and 
minimize trauma to the nasal cavity in order to reduce the 
inflammatory response.

5 Conclusion

In view of the increasing concern about the quality of life of 
patients, the olfactory outcome after transsphenoidal surgery has been 
a neglected research area. The study revealed that the incidence of 
olfactory dysfunction in patients after endoscopic transsphenoidal 
pituitary tumor resection was higher, and the main influencing factors 
included blood scab formation, nasal adhesion, cerebrospinal fluid 
rhinorrhea, and operation duration. Some studies have indicated that 
(12), olfactory nursing intervention following surgery can activate 
olfactory epithelial stem cells in the nasal cavity, promote the recovery 
of olfactory mucosa and olfactory nerve, improve the sensitivity of 
odor recognition and discrimination, reduce olfactory threshold 
score, and promote the recovery of olfactory function. In clinical 
practice, medical staff are aware of the significance of olfactory 
dysfunction and integrate subjective and objective olfactory 
assessment into the standard postoperative treatment regimen. They 
promptly identify olfactory dysfunction and its risk factors and 
implement appropriate intervention measures, such as nasal irrigation, 
olfactory stimulation, and training, which can enhance nasal function 
scores and mitigate the severity of olfactory dysfunction (35).

This study recommends that, saline nasal irrigation should 
be initiated 24 h after the removal of bilateral nasal packing to clean 
the nasal cavity and separate nasal adhesions, improve the function of 
nasal mucosa cilia, reduce inflammatory factors, and promote the 
repair of nasal mucosa and wound healing. Nevertheless, high-volume 
irrigation may result in scabs and the separation of the reconstructed 
skull base, which can lead to significant nosebleeds and cerebrospinal 
fluid leakage, and has poor safety. Therefore, a nasal spray with a small 
rinsing ability should be used, with three to six compressions per 
nostril, with each rinsing requiring simultaneous rinsing of both sides 
of the nasal cavity, 5–6 times a day in the first month after surgery, 3–4 
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times a day in the second month, and 1–2 times a day in the third 
month (32).

Olfactory training is a therapeutic approach that enhances 
olfactory function by exposing subjects to different odors at regular 
intervals (44). This approach is beneficial not only for the treatment 
of patients with olfactory disorders, but also for the enhancement of 
olfactory ability in healthy individuals. One week following surgery, 
patients underwent nasal decongestion and were subsequently 
administered olfactory training with four distinct odors 
(phenylephrine: rose, eucalyptol: eucalyptus, citromellal: lemon, and 
eugenol: eugenol) within a ventilated, odor-free environment. Patients 
were instructed to smell each bromides for 10s each time, and the 
interval between the two bromides was 10 s (45).

The study has some limitations, such as a low sample 
representativeness and no follow-up observation of the patients’ long-
term recovery from olfactory dysfunction. It is recommended that 
future studies should carry out larger samples to verify the reliability 
and popularization of the results and extend the observation time to 
analyze the longitudinal change trend of the patients’ 
olfactory function.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of Deyang people’s Hospital. The studies were conducted 
in accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study.

Author contributions

SZ: Conceptualization, Data curation, Project administration, 
Writing – original draft, Writing – review & editing. ZZ: Methodology, 

Visualization, Writing – original draft, Writing – review & editing. 
MC: Data curation, Investigation, Methodology, Supervision, 
Validation, Visualization, Writing – review & editing. LZ: Formal 
analysis, Methodology, Writing – review & editing. SS: Funding 
acquisition, Supervision, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by the Funding Agency Sichuan Provincial Health 
Commission under Grant (number 21PJ171).

Acknowledgments

The authors are grateful to all patients who accepted to be part of 
this study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1402626/
full#supplementary-material

References
 1. Inoshita N, Nishioka H. The 2017 WHO classification of pituitary adenoma: 

overview and comments. Brain Tumor Pathol. (2018) 35:51–6. doi: 10.1007/
s10014-018-0314-3

 2. Pal A, Leaver L, Wass J. Pituitary adenomas. BMJ. (2019) 365:l2091. doi: 10.1136/
bmj.l2091

 3. Khan DZ, Hanrahan JG, Baldeweg SE, Dorward NL, Stoyanov D, Marcus HJ. 
Current and future advances in surgical therapy for pituitary adenoma. Endocr Rev. 
(2023) 44:947–59. doi: 10.1210/endrev/bnad014

 4. Puccinelli CL, Yin LX, O'Brien EK, Van Gompel JJ, Choby GW, Van Abel KM, 
et al. Long-term olfaction outcomes in transnasal endoscopic skull-base surgery: a 
prospective cohort study comparing electrocautery and cold knife upper septal limb 
incision techniques. Int Forum Allergy Rhinol. (2019) 9:493–500. doi: 10.1002/
alr.22291

 5. Hura N, Orlov CP, Khalafallah AM, Mukherjee D, Rowan NR. Impact of routine 
endoscopic Skull Base surgery on subjective olfaction and gustation outcomes. Oper 
Neurosurg. (2021) 21:137–42. doi: 10.1093/ons/opab137

 6. Wang H, Cheng L, Xu SJ. Clinical observation on the effect of two endoscopic 
approaches on olfactory function in 232 cases of pituitary tumour resection. J Shandong 
Univ. (2020) 58:95–100. doi: 10.6040/j.issn.1671-7554.0.2020.0038

 7. Dolci RLL, Miyake MM, Tateno DA, Cancado NA, Campos CAC, Dos Santos ARL, 
et al. Postoperative otorhinolaryngologic complications in transnasal endoscopic 
surgery to access the skull base. Braz J Otorhinolaryngol. (2017) 83:349–55. doi: 
10.1016/j.bjorl.2016.04.020

 8. Janet R, Fournel A, Fouillen M, Derrington E, Corgnet B, Bensafi M, et al. Cognitive 
and hormonal regulation of appetite for food presented in the olfactory and visual 
modalities. NeuroImage. (2021) 230:117811. doi: 10.1016/j.neuroimage.2021.117811

 9. Eliyan Y, Wroblewski KE, McClintock MK, Pinto JM. Olfactory dysfunction 
predicts the development of depression in older US adults. Chem Senses. (2021) 46:46. 
doi: 10.1093/chemse/bjaa075

 10. Xing D, Wei HQ. Research progress of olfactory training for the treatment of 
olfactory disorders. Chin J Integr Otolaryngol. (2022) 30:317–20. doi: 10.16542/j.cnki.
issn.1007-4856.2022.04.021

https://doi.org/10.3389/fneur.2024.1402626
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2024.1402626/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1402626/full#supplementary-material
https://doi.org/10.1007/s10014-018-0314-3
https://doi.org/10.1007/s10014-018-0314-3
https://doi.org/10.1136/bmj.l2091
https://doi.org/10.1136/bmj.l2091
https://doi.org/10.1210/endrev/bnad014
https://doi.org/10.1002/alr.22291
https://doi.org/10.1002/alr.22291
https://doi.org/10.1093/ons/opab137
https://doi.org/10.6040/j.issn.1671-7554.0.2020.0038
https://doi.org/10.1016/j.bjorl.2016.04.020
https://doi.org/10.1016/j.neuroimage.2021.117811
https://doi.org/10.1093/chemse/bjaa075
https://doi.org/10.16542/j.cnki.issn.1007-4856.2022.04.021
https://doi.org/10.16542/j.cnki.issn.1007-4856.2022.04.021


Zhou et al. 10.3389/fneur.2024.1402626

Frontiers in Neurology 08 frontiersin.org

 11. Liu SH, Li MC, Chen G. Progress of olfactory dysfunction after transnasal 
pterygoid sinus approach for pituitary adenoma resection. Natl Med J China. (2019) 
99:3195–7. doi: 10.3760/cma.j.issn.0376-2491.2019.40.016

 12. Liu P, Xuelian J, Ma J, Qin SY, Lin MJ. Meta-analysis of the effect of olfactory 
dysfunction intervention in postoperative pituitary tumour patients. J Pract Clin Med. 
(2023) 27:32–6.

 13. Zeng L, Han S, Wu A. Long-term olfactory dysfunction after single-nostril 
endoscopic transnasal transsphenoidal pituitary adenoma surgery. J Clin Neurosci. 
(2020) 82:166–72. doi: 10.1016/j.jocn.2020.07.065

 14. Kong F, Cheng W, Zhan Q. Clinical study on the selection of endoscopes and 
microscopes for transsphenoidal surgery of non-aggressive pituitary macroadenoma and 
microadenoma and the influencing factors of hyposmia after endoscopic transsphenoidal 
surgery. Front Neurol. (2024) 15:1321099. doi: 10.3389/fneur.2024.1321099

 15. Sowerby LJ, Gross M, Broad R, Wright ED. Olfactory and sinonasal outcomes in 
endoscopic transsphenoidal skull-base surgery. Int Forum Allergy Rhinol. (2013) 
3:217–20. doi: 10.1002/alr.21103

 16. Chen YX. Analysis of olfactory impairment after transnasal butterfly approach for 
pituitary tumour [M.S.]: Dalian Medical University; (2020)

 17. Wang S, Chen Y, Li J, Wei L, Wang R. Olfactory function and quality of life 
following microscopic endonasal transsphenoidal pituitary surgery. Medicine. (2015) 
94:e465. doi: 10.1097/MD.0000000000000465

 18. Hummel T, Liu DT, Muller CA, Stuck BA, Welge-Lussen A, Hahner A. Olfactory 
dysfunction: etiology, diagnosis, and treatment. Dtsch Arztebl Int. (2023) 120:146–54. 
doi: 10.3238/arztebl.m2022.0411

 19. Landis BN, Hummel T, Hugentobler M, Giger R, Lacroix JS. Ratings of overall 
olfactory function. Chem Senses. (2003) 28:691–4. doi: 10.1093/chemse/bjg061

 20. Lotsch J, Hummel T. Clinical usefulness of self-rated olfactory performance-a data 
science-based assessment of 6000 patients. Chem Senses. (2019) 44:357–64. doi: 10.1093/
chemse/bjz029

 21. Zhang LY, Chen B. Altered sense of smell in patients with Parkinson's disease. Chin 
J Neurol. (2004) 6:52–5.

 22. Lee JJ, Thompson ZS, Piccirillo JF, Klatt-Cromwell CN, Orlowski HLP, Kallogjeri 
D, et al. Risk factors for patient-reported olfactory dysfunction after endoscopic 
Transsphenoidal Hypophysectomy. JAMA Otolaryngol Head Neck Surg. (2020) 
146:621–9. doi: 10.1001/jamaoto.2020.0673

 23. Li CX, Shen MF. Research progress of olfactory dysfunction in patients after pituitary 
tumour surgery by transnasal butterfly approach. Chin J Modern Nurs. (2019) 12:1581–4.

 24. Yan CH, Rathor A, Krook K, Ma Y, Rotella MR, Dodd RL, et al. Effect of Omega-3 
supplementation in patients with smell dysfunction following endoscopic Sellar and 
Parasellar tumor resection: a multicenter prospective randomized controlled trial. 
Neurosurgery. (2020) 87:E91–8. doi: 10.1093/neuros/nyz559

 25. Zhu J, Feng K, Tang C, Yang J, Cai X, Zhong C, et al. Olfactory outcomes after 
endonasal skull base surgery: a systematic review. Neurosurg Rev. (2021) 44:1805–14. 
doi: 10.1007/s10143-020-01385-1

 26. Macchi A, Giorli A, Cantone E, Carlotta Pipolo G, Arnone F, Barbone U, et al. 
Sense of smell in chronic rhinosinusitis: a multicentric study on 811 patients. Front 
Allergy. (2023) 4:1083964. doi: 10.3389/falgy.2023.1083964

 27. Yin LX, Low CM, Puccinelli CL, O'Brien EK, Stokken JK, Van Abel KM, et al. 
Olfactory outcomes after endoscopic skull base surgery: a systematic review and meta-
analysis. Laryngoscope. (2019) 129:1998–2007. doi: 10.1002/lary.28003

 28. Yu P, Chen W, Jiang L, Jia Y, Xu X, Shen W, et al. Olfactory dysfunction and the 
role of stem cells in the regeneration of olfactory neurons. Heliyon. (2024) 10:e29948. 
doi: 10.1016/j.heliyon.2024.e29948

 29. Chen Y, Li M, Lu J. Apoptosis and turnover disruption of olfactory sensory 
neurons in eosinophilic chronic rhinosinusitis. Front Cell Neurosci. (2024) 18:1371587. 
doi: 10.3389/fncel.2024.1371587

 30. Koskinen K, Reichert JL, Hoier S, Schachenreiter J, Duller S, Moissl-Eichinger C, 
et al. The nasal microbiome mirrors and potentially shapes olfactory function. Sci Rep. 
(2018) 8:1296. doi: 10.1038/s41598-018-19438-3

 31. Griffiths CF, Barkhoudarian G, Cutler A, Duong HT, Karimi K, Doyle O, et al. 
Analysis of olfaction after bilateral Nasoseptal rescue flap Transsphenoidal approach 
with olfactory mucosal preservation. Otolaryngol Head Neck Surg. (2019) 161:881–9. 
doi: 10.1177/0194599819861340

 32. Mu A, Ni Z, Ma C. Nasal irrigation improves the nasal related quality of life in 
patients undergoing Transsphenoidal resection of pituitary adenoma. Biol Res Nurs. 
(2024) 26:293–302. doi: 10.1177/10998004231221548

 33. Kahilogullari G, Beton S, Al-Beyati ES, Kantarcioglu O, Bozkurt M, Kantarcioglu 
E, et al. Olfactory functions after transsphenoidal pituitary surgery: endoscopic versus 
microscopic approach. Laryngoscope. (2013) 123:2112–9. doi: 10.1002/lary.24037

 34. Ferreli F, Lasagna C, Canali L, Baram A, Bono BC, Tropeano MP, et al. A 
randomized prospective comparative study on sinonasal morbidity and quality of life of 
transsphenoidal endoscopic surgery for pituitary adenomas: endonasal versus trans-
septal approach. Eur Arch Otorrinolaringol. (2024) 281:257–66. doi: 10.1007/
s00405-023-08216-1

 35. Patel ZM, Holbrook EH, Turner JH, Adappa ND, Albers MW, Altundag A, et al. 
International consensus statement on allergy and rhinology: olfaction. Int Forum Allergy 
Rhinol. (2022) 12:327–680. doi: 10.1002/alr.22929

 36. Selvaraj S, Liu K, Robinson AM, Epstein VA, Conley DB, Kern RC, et al. In vivo 
determination of mouse olfactory mucus cation concentrations in normal and 
inflammatory states. PLoS One. (2012) 7:e39600. doi: 10.1371/journal.pone.0039600

 37. Porras JL, Rowan NR, Mukherjee D. Endoscopic Endonasal Skull Base surgery 
complication avoidance: a contemporary review. Brain Sci. (2022) 12:685. doi: 10.3390/
brainsci12121685

 38. Li L. Influencing factors of olfactory changes after transseptal submucosal 
approach pituitary tumor resection. Nurs Pract Res. (2021) 18:974–8.

 39. Wang M, Cai Y, Jiang Y, Peng Y. Risk factors impacting intra- and postoperative 
cerebrospinal fluid rhinorrhea on the endoscopic treatment of pituitary adenomas: a 
retrospective study of 250 patients. Medicine. (2021) 100:e27781. doi: 10.1097/
MD.0000000000027781

 40. Bi ZY, Chen Z, Liu J, Yang ZJ, Liu PN. Transnasal endoscopic surgery for the 
treatment of cerebrospinal fluid rhinorrhea. Chin J Modern Neurol Dis. (2019) 19:244–9.

 41. Nan R, Su Y, Pei J, Chen H, He L, Dou X, et al. Characteristics and risk factors of 
nasal mucosal pressure injury in intensive care units. J Clin Nurs. (2023) 32:346–56. doi: 
10.1111/jocn.16193

 42. Kim DH, Hong YK, Jeun SS, Park JS, Kim SW, Cho JH, et al. Can tumor size be a 
predictive factor of olfactory dysfunction after endoscopic Endonasal trans-sphenoidal 
approach? J Craniofac Surg. (2018) 29:543–6. doi: 10.1097/SCS.0000000000004193

 43. Liu P, Qin D, Lv H, Fan W, Tao Z, Xu Y. Neuroprotective effects of dopamine D2 
receptor agonist on neuroinflammatory injury in olfactory bulb neurons in vitro and 
in vivo in a mouse model of allergic rhinitis. Neurotoxicology. (2021) 87:174–81. doi: 
10.1016/j.neuro.2021.10.001

 44. Dekeyser A, Huart C, Hummel T, Hox V. Olfactory loss in rhinosinusitis: 
mechanisms of loss and recovery. Int J Mol Sci. (2024) 25:460. doi: 10.3390/ijms25084460

 45. Konstantinidis I, Tsakiropoulou E, Bekiaridou P, Kazantzidou C, Constantinidis J. 
Use of olfactory training in post-traumatic and postinfectious olfactory dysfunction. 
Laryngoscope. (2013) 123:E85–90. doi: 10.1002/lary.24390

https://doi.org/10.3389/fneur.2024.1402626
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3760/cma.j.issn.0376-2491.2019.40.016
https://doi.org/10.1016/j.jocn.2020.07.065
https://doi.org/10.3389/fneur.2024.1321099
https://doi.org/10.1002/alr.21103
https://doi.org/10.1097/MD.0000000000000465
https://doi.org/10.3238/arztebl.m2022.0411
https://doi.org/10.1093/chemse/bjg061
https://doi.org/10.1093/chemse/bjz029
https://doi.org/10.1093/chemse/bjz029
https://doi.org/10.1001/jamaoto.2020.0673
https://doi.org/10.1093/neuros/nyz559
https://doi.org/10.1007/s10143-020-01385-1
https://doi.org/10.3389/falgy.2023.1083964
https://doi.org/10.1002/lary.28003
https://doi.org/10.1016/j.heliyon.2024.e29948
https://doi.org/10.3389/fncel.2024.1371587
https://doi.org/10.1038/s41598-018-19438-3
https://doi.org/10.1177/0194599819861340
https://doi.org/10.1177/10998004231221548
https://doi.org/10.1002/lary.24037
https://doi.org/10.1007/s00405-023-08216-1
https://doi.org/10.1007/s00405-023-08216-1
https://doi.org/10.1002/alr.22929
https://doi.org/10.1371/journal.pone.0039600
https://doi.org/10.3390/brainsci12121685
https://doi.org/10.3390/brainsci12121685
https://doi.org/10.1097/MD.0000000000027781
https://doi.org/10.1097/MD.0000000000027781
https://doi.org/10.1111/jocn.16193
https://doi.org/10.1097/SCS.0000000000004193
https://doi.org/10.1016/j.neuro.2021.10.001
https://doi.org/10.3390/ijms25084460
https://doi.org/10.1002/lary.24390

	Incidence and influencing factors of olfactory dysfunction in patients 1 week after endoscopic transsphenoidal resection of pituitary tumor: a cross-sectional study of 158 patients
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 Ethical considerations
	2.3 Research tools
	2.3.1 General information survey form
	2.3.2 The olfactory dysfunction measuring
	2.4 Data collection
	2.5 Statistical analyses

	3 Results
	3.1 Baseline characteristics of the study participants
	3.2 Univariate analysis of postoperative olfactory dysfunction in patients
	3.3 Logistic regression analysis of postoperative olfactory dysfunction in patients

	4 Discussion
	4.1 Olfactory dysfunction incidence after transsphenoidal pituitary tumor resection
	4.2 Influencing factors of olfactory dysfunction after transsphenoidal pituitary tumor resection
	4.2.1 Blood scab formation
	4.2.2 Nasal adhesion
	4.2.3 Cerebrospinal fluid rhinorrhea
	4.2.4 Operation duration

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

