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ABSTRACT

Background and Objectives: We evaluated documented sinonasal outcomes after microscopic transseptal
transsphenoidal surgery for pituitary adenomas during 2011-2023 and compared outcomes by calendar period
and procedure type. Materials and Methods: We retrospectively analyzed 337 procedures in 320 patients. Pre-
2011 procedures were excluded from outcomes but retained as prior history for classifying repeat transsphenoidal
approach (TSA) procedures. Sinonasal outcomes were assessed after 314 procedures at 60-120 days. Calendar periods
were defined as 2011-2016 and 2017-2023. Patient-cluster robust models supplemented unadjusted comparisons.
Results: The cohort comprised 300 initial recorded and 37 repeat procedures. Sinonasal morbidity was documented
after 67/314 procedures (21.3%), including crust in 4.8%, discharge/rhinorrhea in 4.5%, septal perforation in 3.8%,
and subjective olfactory dysfunction in 2.5%. Overall morbidity did not differ significantly between periods (21.8% vs.
20.8%; p=0.891). Median operation time (220 vs. 182.5 minutes; p<0.001) and hospital stay (13 vs. 11 days; p=0.003)
were shorter during 2017-2023. Documented perioperative cerebrospinal fluid (CSF) leakage occurred in 13/337
procedures (3.9%) and was more frequent in repeat than initial recorded TSA (13.5% vs. 2.7%; OR, 5.70; 95% Cl, 1.76—
18.48; p=0.008). Conclusion: Individual sinonasal morbidities were documented at relatively low frequencies, without
a significant difference in overall morbidity between calendar periods. The higher proportion of perioperative CSF
leakage in repeat TSA warrants careful perioperative assessment.
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’ Microscopic transseptal TSA

’ Source dataset

Gamma Knife records
linked to preceding TSA
n=42

373 procedures

|

’ Pituitary adenoma records screened

Non-adenoma lesions
excluded
n=15

358 procedures

l

2011-2023 surgical analysis cohort
337 procedures in 320 patients

Pre-2011 procedures
excluded from outcomes
n=21

No eligible ENT assessment
60-120 days after surgery
n=23

—

Three-month sinonasal analysis cohort
314 procedures

Pre-2011 procedures were ratained only as prior surgical history for repeat-TSA classification.
TSA, transsphenoidal approach; ENT, ear, nose, and throat.

Fig. 1. Flow diagram of the 2011-2023 study cohort. Of 358 pi-
tuitary adenoma procedures identified in the source records, 21
performed before 2011 were excluded from all outcome analyses,
leaving 337 procedures in 320 patients. Pre-2011 records were used
solely as prior surgical history for procedure-type classification. The
3-month sinonasal analysis included 314 procedures with an ENT
assessment 60-120 days postoperatively. Gamma Knife records
were linked to preceding TSA and not counted as separate TSA pro-
cedures. ENT, ear, nose, and throat; TSA, transsphenoidal approach.
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Table 1. Patient and tumor characteristics (2011-2023)

Parameter Value
Number of patients 320
Age (years) 50.5+14.7 (17-79)
Sex
Male 173 (54.1)
Female 147 (45.9)
Chart-recorded hormonal category
Nonfunctioning 70(21.9)
Growth hormone 77 (24.1)
Adrenocorticotropic hormone 17 (5.3)
Prolactin 16 (5.0)
Thyroid-stimulating hormone 3(0.9)
Mixed/other 132(41.2)
Unknown 5(1.6)
Tumor size category
Microadenoma (<1 cm) 24(7.5)
Macroadenoma (1-<4 cm) 273(85.3)
Unknown 23(7.2)
Diabetes mellitus 51(15.9)
Smoking history 16 (5.0)
Previous rhinologic history 26 (8.1)
Nasal septal deviation 240 (75.0)
Recorded prior nasal surgery (including TSA) 20(6.2)

Values are number (%) or mean + SD (range). Patient-level characteristics
were assessed at each patient’s first included procedure in 2011-2023.
In 20 patients this procedure was a repeat TSA because a preceding TSA
was recorded before 2011. Prior rhinologic history was assessed at that
procedure and may include previous TSA.

TSA, transsphenoidal approach.
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Table 2. Operative and follow-up outcomes (2011-2023)

Parameter Value
Number of procedures 337
Recorded procedure type
Initial recorded TSA 300 (89.0)
Repeat TSA 37(11.0)

Operation time (min) (n=336)
Length of hospital stay (days)
Follow-up duration (months)
Documented perioperative CSF leakage
Three-month ENT assessment completed
Patients undergoing =1 repeat TSA in 2011-2023
Included procedures per patient
1 procedure
2 procedures
3 procedures
Patients with >2 included procedures
Interval between first and second included TSA (months) (n=16)
Patients receiving Gamma Knife after an included TSA

Interval from included TSA to linked Gamma Knife (months)

205.0[170.0-245.0] (85.0-425.0)
12.0[10.0-16.0] (3.0-284.0)
25.6 [6.9-58.4] (0.0-151.5)
13/337 (3.9
314/337 (93.2)
34/320(10.6)

304
15
1
16/320 (5.0)
32.7[11.9-55.3]
40/320 (12.5)
15.5[6.5-29.5]

Values are median [interquartile range] (range) or n/N (%). Prior recorded TSA, including before 2011, was retained for procedure classification only.
Thirty-four patients underwent 37 repeat procedures: 31 patients had one and 3 had two. The first included procedure was already a repeat TSA in 20
patients; 17 further procedures occurred after cohort entry in 16 patients. Gamma Knife was counted only when linked to an included TSA; one treatment
linked to a pre-2011 TSA was excluded from this outcome. CSF timing could not be consistently distinguished as intraoperative or postoperative.

CSF, cerebrospinal fluid; ENT, ear, nose, and throat; TSA, transsphenoidal approach.
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Documented sinonasal morbidities at approximately 3 months
2011-2023

Crust 15/314 (4.8%)

Discharge/rhinorrhea 14/314 (4.5%)

Epistaxis 12/314(3.8%)

Septal perforation 12/314(3.8%)

Documented subjective
olfactory dysfunction 8/314(2.5%)

Sphenoid polypoid s 6w
mucosal change

Synechia 5/314 (1.6%)

Sinonasal infection

3/314(1.0%)

Saddle nose 3/314(1.0%)

0 1 2 3 4 5 6
Procedures with documented morbidity (%)

Fig. 2. Documented sinonasal morbidities at approximately 3
months after surgery in the 2011-2023 cohort. All values are shown
per procedure as n/314 (%). More than one morbidity could be re-
corded after a procedure.



Table 3. Documented sinonasal morbidities at approximately 3 months (2011-2023)

Sinonasal morbidity n/N (%) 95% Cl, %
Any sinonasal morbidity 67/314 (21.3) 17.2-26.2
Crust 15/314 (4.8) 29-7.7
Discharge/rhinorrhea 14/314 (4.5) 2.7-7.3
Epistaxis 12/314 (3.8) 2.2-6.6
Septal perforation 12/314 (3.8) 2.2-6.6
Perforation location (n)

Anterior

Middle 4

Posterior 1
Documented subjective olfactory dysfunction 8/314(2.5) 13-4.9
Sphenoid polypoid mucosal change 5/314(1.6) 0.7-3.7
Synechia 5/314(1.6) 0.7-3.7
Sinonasal infection 3/314(1.0) 0.3-2.8
Saddle nose 3/314(1.0) 0.3-2.8

All denominators are the 314 procedures with an eligible ENT assessment 60-120 days after surgery. Multiple morbidities could coexist.
An unmentioned individual finding was coded as absent when an ENT assessment was documented, as in the reviewed dataset; this is not proof of

normal olfactory function.

Intentional posterior septectomy was not classified as septal perforation. Confidence intervals are Wilson score intervals.

Cl, confidence interval; ENT, ear, nose, and throat.

Operation time by calendar period

p<0.001
450 4 [ 1

400 4 8 °

350 4

300 4

250 4

Operation time (min)

200 4

150 4

100 — —
o

2017-2023
(n=152)

2011-2016
(n=184)

Fig. 3. Operation time by calendar period in the 2011-2023 cohort.
Data were available for 184 of 185 procedures in 2011-2016 and all
152 procedures in 2017-2023. The central line indicates the median,
the box the interquartile range (IQR), and the whiskers the most
extreme observations within 1.5xIQR of the quartiles; circles denote
outliers. Two-sided Mann-Whitney U test.
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Table 4. Comparison of calendar periods within the 2011-2023 cohort

Parameter 2011-2016 (n=185) 2017-2023 (n=152) p-value
Age (years) 49.0 [37.0-59.0] 56.0 [43.0-66.0] <0.001
Male sex 102/185 (55.1) 77/152(50.7) 0.443
Nonfunctioning adenoma 49/180 (27.2) 24/148 (16.2) 0.023
Macroadenoma 162/173 (93.6) 127/141 (90.1) 0.296
Repeat TSA 21/185(11.4) 16/152 (10.5) 0.862
Nasal septal deviation 131/185(70.8) 113/152 (74.3) 0.541
Operation time (min) 220.0[188.8-255.0] 182.5[155.0-216.2] <0.001
Length of hospital stay (days) 13.0[10.0-17.0] 11.0[9.0-15.0] 0.003
Follow-up duration (months) 38.6[9.6-87.9] 18.0 [3.9-40.9] <0.001
Documented perioperative CSF leakage 4/185 (2.2) 9/152 (5.9) 0.091
Any sinonasal morbidity 37/170(21.8) 30/144 (20.8) 0.891
Crust 11/170 (6.5) 4/144 (2.8) 0.184
Discharge/rhinorrhea 6/170 (3.5) 8/144 (5.6) 0422
Septal perforation 8/170 (4.7) 4/144 (2.8) 0.557
Documented subjective olfactory dysfunction 3/170(1.8) 5/144 (3.5) 0.477

Values are median [interquartile range] or n/N (%).

Calendar periods were defined as 2011-2016 and 2017-2023. Operation time was available for 184 and 152 procedures; sinonasal assessment for

170 and 144, respectively.

Continuous variables were compared with the two-sided Mann-Whitney U test; categorical variables with the two-sided Fisher exact test. These are

unadjusted procedure-level comparisons.
CSF, cerebrospinal fluid; TSA, transsphenoidal approach.

Documented perioperative CSF leakage by procedure type
2011-2023

17.54
OR, 5.70 (95% Cl, 1.76-18.48); p=0.008
r 1
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12,5

10.0 4

7.54

504

8/300 (2.7%)
254

Procedures with documented perioperative CSF leakage (%)

0.0-
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(n=300) (n=37)

Fig. 4. Documented perioperative CSF leakage by procedure type
in the 2011-2023 cohort. The 300 initial recorded procedures and 37
repeat procedures were classified using all available prior institutional
TSA records, including pre-2011 history. Initial recorded TSA does not
necessarily represent lifetime first surgery. The 37 repeat procedures
occurred in 34 patients. Leakage timing could not be consistently
distinguished as intraoperative or postoperative. The odds ratio and
Wald 95% confidence interval are unadjusted; the p-value is from the
two-sided Fisher exact test. CSF, cerebrospinal fluid; TSA, transsphe-
noidal approach; OR, odds ratio; Cl, confidence interval.
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Table 5. Comparison of initial recorded and repeat TSA procedures (2011-2023)

Parameter Initial recorded TSA (n=300) Repeat TSA (n=37) p-value
Operation time (min) 205.0[165.0-235.0] 220.0 [187.5-255.0] 0.051
Length of hospital stay (days) 12.0[10.0-15.2] 12.0[9.0-21.0] 0.479
Documented perioperative CSF leakage 8/300 (2.7%) 5/37 (13.5%) 0.008
Any sinonasal morbidity 57/282 (20.2%) 10/32(31.2%) 0.171
Septal perforation 12/282 (4.3%) 0/32 (0.0%) 0.619
Documented subjective olfactory dysfunction 7/282 (2.5%) 1/32(3.1%) 0.581

Procedure type was determined from all available prior institutional records, including pre-2011 history. Pre-2011 outcomes were excluded.

Initial recorded TSA does not necessarily indicate lifetime first surgery.
The 37 repeat procedures occurred in 34 patients.

Values are median [interquartile range] or n/N (%); two-sided Mann-Whitney U or Fisher exact tests were used.

The unadjusted repeat-versus-initial CSF odds ratio was 5.70 (Wald 95% Cl, 1.76-18.48).
CSF, cerebrospinal fluid; Cl, confidence interval; TSA, transsphenoidal approach.

Table 6. Univariable factors associated with documented sinonasal morbidity (2011-2023)

Predictor N Odds ratio 95% Cl p-value
Age (per 10 years) 314 0.94 0.78-1.14 0.530
Male sex 314 0.97 0.56-1.69 0.910
2017-2023 vs 2011-2016 314 0.95 0.56-1.61 0.838
Repeat vs initial recorded TSA 314 1.79 0.83-3.89 0.138
Diabetes mellitus 314 0.76 0.33-1.76 0.517
Smoking history 314 1.36 0.42-4.45 0.609
Prior rhinologic history 314 1.74 0.83-3.65 0.140
Nasal septal deviation 314 0.56 0.31-1.01 0.053
Operation time (per 30 min) 313 0.98 0.86-1.12 0.779
Documented perioperative CSF leakage 314 2.76 0.84-9.12 0.095
Macroadenoma vs microadenoma 293 0.78 0.26-2.29 0.645

Logistic generalized linear models used patient-cluster robust standard errors.
Models were univariable and exploratory; no multiplicity adjustment was applied.
N denotes procedures with data for each model.

No predictor met p<0.05.

Prior rhinologic history is not equivalent to an independently confirmed history of non-TSA nasal surgery.

Cl, confidence interval; TSA, transsphenoidal approach; CSF, cerebrospinal fluid.

Table 7. Annual distribution of included procedures and recorded outcomes (2011

-2023)

Year Procedures ENT assessed CSF leakage, n/N (%) Sinonasal morbidity, n/N (%)
2011 39 34 0/39 (0.0) 8/34(23.5)
2012 27 26 0/27 (0.0) 3/26 (11.5)
2013 20 19 0/20 (0.0) 1/19(5.3)
2014 29 29 0/29 (0.0) 5/29(17.2)
2015 37 33 2/37 (5.4) 9/33(27.3)
2016 33 29 2/33 (6.1) 11/29 (37.9)
2017 26 26 0/26 (0.0) 5/26 (19.2)
2018 24 23 5/24(20.8) 6/23 (26.1)
2019 28 27 2/28(7.1) 8/27 (29.6)
2020 17 16 1/17 (5.9) 3/16(18.8)
2021 19 19 0/19 (0.0) 3/19(15.8)
2022 24 22 1/24(4.2) 1/22 (4.5)
2023 14 11 0/14 (0.0) 4/11 (36.4)

Counts refer to included pituitary adenoma procedures, not an audited institution-wide surgical volume.

Procedures in 2023 were included through September 21.
CSF, cerebrospinal fluid; ENT, ear, nose, and throat.
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Table 8. Patient-cluster robust sensitivity analyses (2011-2023)

Outcome Comparison N Odds ratio 95% Cl p-value
CSF leakage 2017-2023 vs 2011-2016 337 2.85 0.86-9.38 0.085
CSF leakage Repeat vs initial recorded TSA 337 5.70 1.77-18.33 0.003
Sinonasal morbidity 2017-2023 vs 2011-2016 314 0.95 0.56-1.61 0.838
Sinonasal morbidity Repeat vs initial recorded TSA 314 1.79 0.83-3.89 0.138

Separate univariable binomial logistic generalized linear models with patient-cluster robust standard errors were fitted for each row.
These account for within-patient correlation but do not adjust for tumor complexity, surgeon, or reconstruction method.

p-values are exploratory and unadjusted for multiplicity. All models include only 2011-2023 outcomes.

Cl, confidence interval; CSF, cerebrospinal fluid; TSA, transsphenoidal approach.
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