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Objectives. Endoscopic pituitary surgery usually requires a collaboration between neurosurgeons and ENT surgeons to
achieve optimal outcomes. However, neurosurgeons occasionally perform these procedures alone without an ENT
surgeon. In this study, postoperative sinonasal quality of life and olfactory function were compared in patients who
underwent endoscopic pituitary surgery performed by a single neurosurgeon or by a collaborative team of a neuro-
surgeon and an ENT surgeon.

Methods. A retrospective review of prospectively collected data was performed. Patients who underwent endoscopic pitu-
itary surgery for pituitary adenoma from January 2015 to April 2018 were included. The study patients were divided
into two groups; patients in group 1 underwent surgery performed by a single neurosurgeon, while patients in group
2 received surgery performed by a collaborative team of surgeons. Olfaction was assessed using a subjective Likert
scale, the Cross-Cultural Smell Identification Test (CC-SIT), and the butanol threshold test (BTT). In addition, patients
answered the Sino-nasal Outcome Test (SNOT-22) questionnaire regarding sinonasal quality of life before and 3 months
after surgery.

Results. This study included 152 patients (46 patients in group 1 and 106 patients in group 2). Significant differences were
not observed between the two groups regarding age, sex, tumor size, or operation time. Although subjective olfaction
was not significantly different before and after surgery, group 2 showed significantly better objective olfactory func-
tion based on the CC-SIT (8.44%3.00 vs. 9.84+1.40; P=0.012) and BTT (4.67£0.84 vs. 5.02+0.33; P=0.022)
scores at 3 months after surgery. The SNOT-22 scores were not statistically significantly different between the two
groups (P>0.05).

Conclusion. In the present study, better olfactory outcomes were observed in patients who underwent surgery performed
by a collaborative team of a neurosurgeon and an ENT surgeon. This result shows the need for collaboration between
neurosurgeons and ENT surgeons in endoscopic pituitary surgery.
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through the transsphenoidal approach (TSA) to the sellar region
because it provides improved visualization, a wider view inside
the sella, and positive surgical outcomes [1]. However, several
studies have reported that the endoscopic approach may disrupt
normal anatomical structures to a greater extent than traditional
approaches [3,4], indicating that collaboration with a otorhinol-
ogy surgeon trained in endoscopic sinus surgery may be helpful
for a successful approach and to avoid eventual complications.
Therefore, endoscopic pituitary surgery requires a collaboration
between neurosurgeons and ENT surgeons for optimal out-
comes [5], particularly in patients with nasal anatomical variants
and extensive skull base lesions [6].

However, patients with pituitary tumors usually visit the neu-
rosurgery department; thus, in some centers, only neurosur-
geons perform endoscopic pituitary surgery, including nasal ap-
proach procedures. With this in mind, we hypothesized that the
surgical outcomes would be different when a neurosurgeon col-
laborated with an ENT surgeon. In several studies, sinonasal
outcomes and quality of life have been compared between mi-
croscopic and endoscopic transsphenoidal surgical procedures
for pituitary lesions [7,8], and no significant differences were
found. However, the surgical outcomes in endoscopic pituitary
surgery performed by neurosurgeons with a collaborative team
have been compared in only a few studies [9,10].

In the present study, postoperative sinonasal quality of life
and olfactory function were compared in patients who under-
went endoscopic pituitary surgery by a neurosurgeon or by a
collaborative team of a neurosurgeon and an ENT surgeon.

MATERIALS AND METHODS

A retrospective review of prospectively collected data was per-
formed. This study protocol was approved by the Institutional
Review Board of Samsung Medical Center (IRB No. SMC 2019-
05-103-001) and the informed consents were waived.

Patients who underwent an endoscopic pituitary surgery for
pituitary adenoma from January 2015 to April 2018 were in-
cluded. All subjects underwent nasal endoscopy and computed
tomography of the paranasal sinus before surgery, and patients
who had abnormalities in their sinonasal spaces were excluded.
Patients with a history of previous sinonasal or pituitary surgery
were also excluded. We excluded patients used nasoseptal flap
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= Better olfactory identification outcomes were observed in pa-
tients who underwent surgery performed by a collaborative
team of a neurosurgeon and an ENT surgeon.

= Collaboration between neurosurgeons and ENT surgeons in
endoscopic pituitary surgery is necessary.

because the using the nasoseptal flap could cause more sinona-
sal morbidity that can cause bias. One hundred fifty-two pa-
tients were finally enrolled in this study (Fig. 1).

The study patients were divided into two groups: group 1
(n=46) included patients who underwent surgery performed by
a single neurosurgeon. The neurosurgeon was an experienced
surgeon who performed 213 TSA surgeries by himself before
this study. Group 2 (n=106) included patients who underwent
surgery performed by a collaborative team consisting of a neu-
rosurgeon and an ENT surgeon. All fundamental procedures, in-
cluding postoperative management, were the same for the two
groups. The entire procedure was performed with a 4-mm, 0°,
30°, or 45° endoscope. Surgery was performed using the endo-
scopic modified transseptal approach. The surgical procedure
details were as follows. Before surgery, the nasal cavity was de-
congested with cottonoids soaked in a 1:10,000 epinephrine so-
lution. Infiltration of the nasal septum with a lidocaine-contain-
ing epinephrine (1:100,000) solution was performed for vaso-
constriction and hydrodissection. A hemitransfixion incision was
made in the left nasal septum. Submucoperichondrial and sub-
mucoperiosteal dissection was performed toward the level of
the rostrum sphenoidale. After posterior chondrotomy, the mid-
portion of the bony septum was carefully removed to avoid
damage to the superior 1 cm of the septum. The anterior wall
and intersinus septum of the sphenoid sinus were then removed
using a micro-Kerrison punch or high-speed drill. The endoscope
was then inserted into the right nasal cavity. A small horizontal
incision was made in the right nasal septal mucosa from the an-
terior end of the middle turbinate to 1 cm in front of the sphe-
noid natural ostium. The endoscope and suction device were in-
troduced into the sphenoid sinus through this incision, and in-

334 Patients who underwent an endoscopic
pituitary surgery for pituitary adenoma from
January 2015 to April 2018

155 Excluded
68 Patients who had sinonasal abnormalities
87 Patients who had previous sinonasal or
pituitary surgery

179 Screened patients
(group 1: 50, group 2: 129)

[27 Patients who had nasoseptal flap excluded }

e

(group 1: 4, group 2: 23)

\ 4

152 Patients included in the study
(group 1: 46, group 2: 106)

Fig. 1. Flowchart of the study population. Group 1, single neurosur-
geon group; Group 2, collaborative group.
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struments such as a ring curette or dissector, were inserted
through the left transseptal window, thus the surgeon could per-
form the binostril technique. After tumor resection using the
binostril technique, the remnant septal bone was inserted be-
tween the septal mucosa and the hemitransfixion incision was
sutured. Silastic sheets were placed in both nasal cavities for 1-2
weeks, followed by light nasal packing. We have used four hand
and binostril surgery in both groups when resect tumors. In col-
laborative group, ENT surgeons approached to the sellar region
by endonasal corridor and hold the scope and discuss with neu-
rosurgeon in tumor resection time. But, in single neurosurgeon
group, neurosurgical fellow hold the scope when performing tu-
mor resection.

Olfactory function was subjectively evaluated using a Likert
scale (0-100), and objectively with the cross-cultural smell iden-
tification test (CC-SIT; 0-12) and butanol threshold test (BTT).
Preoperative anosmia patients were excluded, and for identifying
olfactory function changes, differences from baseline to 3 months
after surgery were calculated. Sinonasal quality of life was eval-
uated using the Sino-nasal Outcome Test (SNOT-22) question-
naire and subdomain scores analyzed. All tests were conducted
before and 3 months after surgery. We tried to apply those met-
rics for every patients, but some patients missed test or question-
naire. We excluded missed patients and performed statistical pro-
cessing. Number of processed patients is filled in parenthesis in
each tables. After surgery, we examined patients with nasal en-
doscope in outpatient clinic, and septal perforation was identified
as a nasal complication in the postoperative period. The cerebro-
spinal fluid (CSF) leakage was monitored during the intraopera-
tive and postoperative periods. All statistical analyses were per-
formed with IBM SPSS ver. 25.0 (IBM Corp.,Armonk, NY, USA)
using Mann-Whitney and chi-square tests. P-values <0.05 were
considered statistically significant.

RESULTS

Among the 152 patients included in this study, group 1 consist-
ed of 46 patients (26 men and 20 women) and group 2 consist-

Table 1. Patients” demographic characteristics

NS NS+ENT

Variable (n=46) (n=106) P-value
Age (yr) 4852+1435  4982+1356 0.595
Sex (male:female) 26:20 (56.5:43.5) 51:55(48:52)  0.380
Operation time (min) 136.61+66.76 125.13+43.33 0.288

Tumor size (mm) 22.09x7.70 22.9318.07 0.555
Intraoperative CSF leakage 9(19.6) 15 (14) 0.469
Postoperative CSF leakage 0 1(0.9) 1.000

ed of 106 patients (51 men and 55 women) (Table 1). The mean
age of the patients was 48.52+14.35 years in group 1 and
49.82+13.56 years in group 2.The operation time was 136.61+
66.76 minutes in group 1 and 125.13+43.33 minutes in group
2.The mean size of the tumors was 22.09+7.70 mm in group 1
and 22.93£8.07 mm in group 2. CSF leakage was monitored
during the intraoperative and postoperative periods. Nine of the
46 patients (19.6%) in group 1 had CSF leakage during the op-
eration. In group 2, 15 of the 106 patients (14 %) had CSF leak-
age during the operation. After surgery, CSF leakage did not oc-
cur in any patient in group 1, and in only one patient in group 2.
Demographic characteristics and possible factors contributing to
olfactory outcomes were not significantly different between the
two groups.

Subjective olfactory function

Olfaction was subjectively assessed using a Likert scale. Subjec-
tive olfaction was evaluated before and after surgery at 1, 3, and
6 months. The mean preoperative score was 83.83 (standard de-
viation [SD], 20.33) for the patients in group 1 and 92.11 (SD,
11.11) for the patients in group 2. The mean postoperative score
was 56.3 (SD, 33.93) for the patients in group 1 and 66.89 (SD,
26.08) for the patients in group 2 at 1 month after surgery. At 3
and 6 months after surgery, the mean postoperative scores were
70.42 (SD, 33.06) and 81.72 (SD, 21.74) in group 1, and 82.50
(SD, 28.71) and 89.21 (SD, 13.12) in group 2, respectively. Gen-
erally, patients’ scores in group 2 were better than those in
group 1, but a statistically significant difference was not ob-
served (Table 2). In addition, differences from baseline were cal-
culated, and group 1 showed greater decreases at all intervals;
however, statistically significant differences were not observed.

Objective olfactory function

Olfactory function was objectively evaluated using the CC-SIT
and BTT. These tests were performed preoperatively and at 3
months after surgery. The preoperative CC-SIT scores of the pa-
tients in group 1 and group 2 were 9.12+2.60 and 10.03+£1.35,

Table 2. Subjective olfactory function

Variable NS NS+ENT P-value
Score
Pre 83.83+20.33 (30) 92.11+11.11(102)  0.054
1mo 56.38+33.93 (40) 66.89+26.08 (84) 0.088
3mo 70.42+33.06 (36) 81.72+21.74 (90) 0.064
6mo 82.50+28.71 (18) 89.21£13.12(38) 0.484
Difference
A1 mo -35.40+35.06 (25) -26.24+28.31(81) 0.185
A3 mo -19.56+32.29 (23) -9.88+20.21 (88) 0.182
A6 mo -10.77£27.30 (13) -3.38+£12.91(37) 0.363

Values are presented as mean * standard deviation or number (%).
NS, single neurosurgeon; NS+ENT, neurosurgeon+ENT surgeon; CSF, ce-
rebrospinal fluid.

Values are presented as mean+standard deviation. In the parenthesis, the
number of examinees is filled in.
NS, single neurosurgeon; NS+ENT, neurosurgeon+ENT surgeon.
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Table 3. Objective olfactory function

Table 4. SNOT-22 scores

Variable NS NS+ENT P-value Variable NS NS+ENT P-value
Score Total score
CC-SIT_pre 9.12+260(26) 10.03+1.35(104) 0.93 Pre 16.88+16.16 (26) 16.08+12.75(95) 0.788
CC-SIT_3mo 8.44+3.00 (34) 9.84+1.40 (90) 0.012% 1mo 23.97+15.74(39) 19.58+£12.39(90) 0.096
BTT_Pre 49110662 (26) 5.18+£0.23(103)  0.051 3mo 14.16+£11.25(37) 18.11+13.23(92) 0.088
BTT_3mo 4.6710.84 (34) 5.02+0.33 (89) 0.022% 6 mo 9.56+10.56 (25) 13.79+16.14 (48) 0.183
Difference Rhinologic symptom
ACC-SIT_.3mo  -1554280(20) -0.227+1.39(88) 0.027% Pre 4.18+3.65 (27) 3.80+3.74(95) 0.636
ABTT_3mo -0.42+090(20) -0.16+0.28 (86) 0.214 1mo 8.49+4.84 (39) 7.12+3.89(89) 0.093
Values are presented as mean+standard deviation. In the parenthesis, the 3mo 4.50£2.50 (34) 534£3.71(%0)  0.150
number of examinees is filled in. 6mo 3.58+3.39 (19) 4474497 (38) 0483
NS, single neurosurgeon; NS+ENT, neurosurgeon+ENT surgeon; CC-SIT, Sense of taste/smell
Cross-Cultural Smell Identification Test; BTT, butanol threshold test. Pre 0.58+1.10 (26) 0.35+0.81(96) 0.253
JP-values with statistical significance. 1mo 1.79+1.59 (39) 1.35£1.29(90)  0.101
3mo 1.18+£1.40 (34) 0.92+1.12(89) 0.295
respectively, which was not a statistically significant difference 6 mo 0.05+1.35 (19) 067+098(39) 0.221

(Table 3). At 3 months after surgery, the CC-SIT scores of the
patients in group 1 and group 2 were 8.4413.00 and 9.84+1.40,
respectively. The postoperative CC-SIT scores of the patients in
group 2 was significantly higher than the scores of the patients
in group 1 (P=0.012). Similarly, the preoperative BTT scores of
the patients in both groups were not significantly different (4.91
10.66 vs. 5.18+0.23). However, the postoperative scores of the
patients in group 2 were significantly higher than the scores of
the patients in group 1 (4.671+0.84 vs. 5.02+0.33, P=0.022).
When the differences from baseline were calculated, the change
in CC-SIT scores from baseline to 3 months was significantly
larger in the patients in group 1 (-1.55+2.80 vs. -0.227+1.39,
P=0.027). The change in BTT scores was also larger in the pa-
tients in group 1, but a statistically significant difference was not
seen (P=0.214).

Sinonasal quality of life

Sinonasal quality of life was evaluated preoperatively and at
postoperative 1, 3, and 6 months using the SNOT-22 question-
naire. No statistically significant difference in the total SNOT-22
scores between the two groups following surgery was observed
(Table 4). Similarly, no statistically significant between-group dif-
ference was found in the SNOT-22 subdomain of rhinologic
symptoms. Additionally, we compared the “sense of taste/smell”
of the SNOT-22 in both groups. Group 2 showed better scores
than group 1, albeit without a statistically significant difference.
This result was similar to that of subjective olfactory function as-
sessed using the Likert scale.

Postoperative endoscopic findings

After surgery, patients were examined using a nasal endoscope
at the outpatient clinic to identify septal perforation as a sinona-
sal complication. Four patients in group 1 had septal perforation
based on the postoperative endoscopic examination (4/46, 8.7%).
In group 2, only one patient had septal perforation (1/106, 0.9%).
That patient had severe septal deviation, so he underwent septo-

Values are presented as mean+standard deviation. In the parenthesis, the
number of examinees is filled in.

SNOT-22, Sino-nasal Outcome Test; NS, single neurosurgeon; NS+ENT,
neurosurgeon+ENT surgeon.

plasty concomitantly with endoscopic pituitary surgery. This
might have affected the likelihood of septal perforation after
surgery. The collaborative group showed a significantly lower
septal perforation rate than the group treated by a single neuro-
surgeon (P=0.030).

DISCUSSION

In the present study, olfactory function and sinonasal outcomes
were compared between patients who underwent surgery per-
formed by a single neurosurgeon (group 1) and those who un-
derwent surgery performed by a collaborative team of surgeons
(group 2). We hypothesized that the patients in group 2 would
have better postoperative olfactory function and sinonasal qual-
ity of life than the patients in group 1 because ENT surgeons
have more experience with endoscopic endonasal surgery and
managing nasal anatomical variations and extensive skull base
lesions.

A few studies have compared the outcomes of endoscopic pi-
tuitary surgery between a single neurosurgeon and a collabora-
tive team including ENT surgeons. Snyderman et al. [9] argued
for the benefits of surgery performed by a multidisciplinary
team in the management of sinonasal and ventral skull base ma-
lignancies, pointing out that the benefits include cross-fertiliza-
tion of ideas, surgical innovation, and comprehensive patient
care, and they emphasized the need for proper training for
building a skull base team. Ismail et al. [10] reported a compari-
son between collaborative and single-surgeon approaches in en-
doscopic endonasal surgery on the sphenoid sinus. Due to the
anatomical location, the endoscopic endonasal approach to the
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sphenoid sinus is a valuable procedure for both neurosurgeons
and ENT surgeons; thus, the authors compared outcomes based
on the approach to the sphenoid sinus. Although endonasal
structural difficulties were more common in the collaborative
group, the average time needed to reach to the sphenoid sinus
and the incidence of intraoperative complications such as bleed-
ing, a floppy middle turbinate, and septal complications were
lower in the collaborative group. The results from that study un-
derscore the necessity of collaboration in surgery involving an
endoscopic endonasal approach. However, only the outcomes
related to surgery were compared and the authors did not con-
firm postoperative sinonasal or olfactory function. To the best of
our knowledge, the present study is the first in which sinonasal
quality of life was compared between patients who underwent
endoscopic pituitary surgery performed by a single neurosur
geon and those operated on by a collaborative team of surgeons.
We also reviewed olfactory function and complications such as
septal perforation in the two groups, and we obtained better
outcomes in the group that underwent collaborative team sur-
gery. We suggest that these results underscore the importance of
ENT surgeons in endoscopic pituitary surgery, as performing en-
doscopic pituitary surgery in a collaborative team including ENT
surgeons allows patients to benefit from the endoscopic endona-
sal approach, as well as other advantages including the preserva-
tion of olfactory function and sinonasal quality of life, reduced
complications, and postoperative management.

In the present study, patients diagnosed with pituitary adeno-
ma who did not undergo surgery using the nasoseptal flap tech-
nique for reconstruction were included. Other diagnoses such as
craniopharyngioma, meningioma, and clival chordoma often re-
quire more extensive skull base surgery that could affect olfac-
tory function or quality of life. The nasoseptal flap technique in-
volves cutting the superior septal mucosa, which can result in
disruption of the olfactory epithelium [11]. In many studies, the
effects of the nasoseptal flap technique in patients have been
examined, and a systematic review of 14 studies showed that
nasoseptal flap elevation led to objective sinonasal function im-
pairment [12]. After exclusion of these factors, the demographic
characteristics of the patients in both groups were not signifi-
cantly different. In the present study, the collaboration group
showed a tendency for better subjective olfactory function dur
ing the postoperative period, as exhibited by better scores on a
Likert scale; however, a statistically significant difference was
not observed. The scores from baseline to the postoperative pe-
riod were consistently lower in group 1, but without a statistical-
ly significant difference. Objective olfactory function was also
significantly better in patients in group 2. Olfactory identifica-
tion and threshold were evaluated using the CC-SIT and BTT,
respectively. Both of these objective tests of olfaction showed
significantly better postoperative results in group 2. We suggest
that this difference may reflect distinctive characteristics of sur
gical technique between neurosurgeons and ENT surgeons.

When the operation is carried out collaboratively, the approach
to the sphenoid sinus and sellar region is managed by the ENT
surgeon. The technique used for this approach includes skills of
septoplasty, such as a hemitransfixion incision, septal flap eleva-
tion, and posterior chondrotomy. ENT surgeons are familiar
with this technique, so the incidence of complications or olfac-
tory dysfunction in these cases is minimal relative to when sur-
gery is performed by a neurosurgeon. Although the postopera-
tive change in subjective olfaction was not significantly different
between the groups, the collaborative group showed a smaller
decline in smell function than the group operated on by a single
neurosurgeon. When we compared the “sense of taste/smell”
subdomain of the SNOT-22 questionnaire, the collaborative
group also showed better scores. As such, subjective olfactory
function showed similar trends to those documented using ob-
jective olfactory function tests.

In a recent meta-analysis [13], no significant difference was
found between preoperative and postoperative olfaction in pa-
tients who underwent endoscopic skull base surgery. However,
an issue in that analysis was between-study heterogeneity in the
surgical techniques and observation periods. Our study had a
relatively short-term follow-up period, potentially raising the
limitation of whether it analyzed a sufficiently long time interval
for the restoration of olfactory function. However, our metrics
of subjective and objective olfactory function gradually showed
improvements over time. Furthermore, Puccinelli et al. [14] re-
ported no significant change in patients’ University of Pennsyl-
vania Smell Identification scores 1 year after undergoing surgery
using the transnasal skull-base approach. However, their sample
size was relatively small (n=22), and their follow-up period was
longer than that of our study.

Sinonasal quality of life was evaluated using the SNOT-22
questionnaire, which was answered by patients preoperatively
and postoperatively at 1, 3, and 6 months. The total SNOT-22
scores between groups were not significantly different. Further-
more, the SNOT-22 rhinologic symptom subdomain was also
not significantly different between groups. We hypothesized the
patients in group 2 would show better sinonasal quality of life,
however, the results did not confirm that hypothesis. A reason
for this may be that although the mucosa underwent more trau-
ma during surgery performed only by a single neurosurgeon, the
normal nasal mucosa (without inflammation) in TSA patients
can normalize easily; therefore, sinonasal quality of life was not
significantly different between the two groups.

The septal perforation rate was examined in the postoperative
outpatient clinic as a sinonasal complication. When surgeons use
the transseptal approach for TSA, septal perforation is a possible
complication after surgery. In group 1, 8.7% of patients (4/46)
showed postoperative septal perforation, while in group 2, only
one patient (1/106, 0.9%) had septal perforation. ENT surgeons
routinely perform septoplasty for patients with septal deviation,
and are more familiar with the septal mucosal incision and sep-
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tal flap elevation techniques than neurosurgeons. Therefore, sep-
tal complications occurred less frequently in patients in group 2.
Septal perforation in endoscopic pituitary surgery has been ana-
lyzed in previous studies. The septal perforation rate was report-
ed to range from 0% to 20% [15-17]. In our study, the septal
perforation rate was 0.9% in the collaborative group, which is a
comparable rate to those reported in previous studies. In the
single surgeon group, the perforation rate was 8.7%, which is a
somewhat higher rate than reported in former studies. If a naso-
septal flap is needed for reconstruction, the perforation rate
could be higher. For instance, Soudry et al. [18] reported a sep-
tal perforation rate of 14.4% associated with the pedicled naso-
septal flap for skull base reconstruction.

The present study had several limitations. First, the two groups
did not include a balanced number of patients. Generally, at our
center, more patients undergo surgery performed by a collabora-
tive team of surgeons than by a single neurosurgeon, which re-
sulted in a different number of patients in each group. Second,
the follow-up period was only 6 months. A longer follow-up pe-
riod could have led to different results. However, it is the nature
of our tertiary referral center that some patients may have to
travel a great distance for care, rendering periodic follow-up af-
ter surgery very difficult. In addition, the number of olfactory
tests or SNOT-22 questionnaires administered during the post-
operative period was limited. However, differences were not ob-
served between patients who were followed up after surgery
and those who were not. Therefore, selection bias was likely
minimal.

In the present study, sinonasal outcomes in endoscopic pitu-
itary surgery were compared between operations performed by
a single neurosurgeon (group 1) or by a collaborative team of
surgeons (group 2). The patients in group 2 showed better post-
operative olfactory function based on subjective and objective
tests and had a lower septal perforation rate than the patients in
group 1. However, sinonasal quality of life was not significantly
different between the two groups. In conclusion, the results from
the present study underscore the necessity of collaboration be-
tween neurosurgeons and ENT surgeons in endoscopic pituitary
surgery to obtain better endoscopic outcomes and olfactory
function.
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