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Abstract

Background: Most pituitary adenomas (PAs) are considered to have a soft tumor consistency. However,
there is a non-negligible percentage (5-13%) of tumors presenting or exhibiting a fibrous consistency that
would entail a more difficult and complicated surgical excision with higher surgical morbidity and
mortality rates.

Purpose: To analyze the clinical consequences of PA tumor consistency on the surgical outcomes in
patients undergoing endonasal endoscopic transsphenoidal (EET) pituitary surgery.

Methods: An ambispective study of patients with PAs operated on through an EET approach in two
Spanish tertiary hospitals over the last 12 years. A total of 226 consecutive interventions were carried out
in the Neurosurgery Departments of the Hospital Universitario Ramon y Cajal (HURC) and the Hospital
Universitario Puerta del Sur by the same neurosurgeon. PAs were grouped into soft (n = 150) and fibrous
(n = 76). All patients underwent hormonal and magnetic resonance imaging (MRI) studies before and
after surgery. In addition, neurosurgical complications were recorded in each patient.

Results: Fibrous adenomas were independently associated with lower resection rates compared to soft
adenomas (fibrous gross total resection [GTR] rate 48.7% vs. 76.3%, p < 0.001), even in those adenomas
without invasion of the cavernous sinus (Knosp grades 0, |, and Il). There were more intraoperative
cerebrospinal fluid (CSF) leaks in patients with fibrous PAs. Moreover, fibrous PAs showed higher rates of
postoperative hypopituitarism, permanent diabetes insipidus (DI) and postoperative treatments
(hormonal treatment and radiotherapy). The excision of a fibrous PA required a longer surgical time (22.5
minutes more than soft PAs, p = 0.014), regardless of other factors.

Introduction

Pituitary adenomas (PAs) are one of the most frequently diagnosed central nervous system (CNS) tumors
[1]. Surgery is a well-established first-line treatment for most symptomatic subtypes of PAs (aside from
prolactinomas). In the last decade, the classical surgical approach (transsphenoidal microsurgery or
transcranial craniotomy) has been displaced by the endonasal endoscopic transsphenoidal (EET)
approach in most pituitary tumor centers.

The consistency of PAs has not been analyzed in-depth in recent literature [2]-[4]. Most PAs are
considered to be soft in consistency, facilitating complete excision. However, there is a non-negligible
percentage (5-13%) of tumors with a hard/fibrous consistency that, in theory, are more difficult to remove
completely[5] and may be accompanied by greater morbidity and operative mortality [6], [7]. To date, most
studies have focused on trying to determine tumor consistency preoperatively by means of imaging
studies with disparate and contradictory results [2], [6], [7]. However, almost no reports examined the
effects of a fibrous consistency in surgical outcomes in PA surgery. Our objective was to analyze the
effects of tumor consistency on surgical outcomes in a homogeneous series of patients with PAs
operated on using the EET approach by the same neurosurgeon.
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Material And Methods
Patients

An ambispective study in 226 consecutive surgical interventions (Table 1) at the Neurosurgery
Departments of the Hospital Universitario Ramoén y Cajal (HURC) and at the Hospital Universitario Puerta
del Sur by the same neurosurgeon (VRB) was carried out.
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Table 1

Clinical characteristics of patients with pituitary adenomas analyzed according to
tumor consistency regardless of the pre-surgical treatment (medical, surgical and/or

radiotherapy) used.

No. of interventions (n) (%)
Age (years) (SD)

Sex (n) (%)

Female

Male

Non-functioning PA (n) (%)
Functioning PA (n) (%)
ACTH

GH

TSH

PRL

Tumor size (n) (%)
Microadenoma
Macroadenoma
Largerthan 3 cm

Giant adenoma (larger than 4 cm)
Craniocaudal extension (mm) (SD)
Lateral extension (mm) (SD)
Knosp grade (n) (%)

Knosp 0

Knosp |

Knosp Il

Knosp Il

Knosp IV

*p<0.05

Pituitary adenoma consistency

Total
226
52.8 (15.6)

121 (53.5)
105 (46.5)
136 (60.2)
90 (39.8)
23 (25.6)
54 (60.0)
1(3.2)

11 (11.2)

32 (14.2)
194 (85.8)
48 (21.6)
26 (11.7)
21.26 (12.8)
19.50 (10.6)

48 (21.2
37 (16.4

)
)
50 (22.1)
46 (20.4)

)

45(19.9

Soft
150 (66.4)
53.2 (15.8)

83 (55.3)
67 (44.7)
80 (53.3)
70 (46.7)
22 (31.4)
40 (57.1)
1(2.87)
6 (8.6)

30 (20.0)
120 (80.0)
20 (13.5)
10 (6.8)
18.11 (11.1)
17.15 (9.3)

42 (28.0)
23 (15.3)
38 (25.3)
24 (16.0)
23 (15.4)

Fibrous
76 (33.6)
52.06 (15.4)

38 (50.0)
38 (50.0)
56 (73.7)
20 (26.3)*
1 (5.0)*
14 (70.0)
0

5 (25.0)*

2 (2.6)*

74 (97.4)*

28 (37.8)*

16 (21.6)*
27.68 (13.7)*
24.29 (11.6)*

6 (7.9)*

14 (18.3)*
12 (15.8)*
22 (29.0)*
22 (29.0)*
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Pituitary adenoma consistency

Total Soft Fibrous
Pre-surgical treatment (n) (%) 85 (37.7) 50 (33.3) 35 (46.0)*
No pre-surgical treatment (n) (%) 141 (62.4) 100 (67.7) 41 (54.0)
No prior surgery (n) (%) 289 (83.7) 138 (92.0) 51 (67.1)
Prior surgery (n) (%) 37 (16.9) 12 (8.0) 25(32.9)
Craniotomy 7 (18.9) 2(1.3) 5(6.3)
Transsphenoidal 30 (81.1) 10 (33.3) 20 (66.7)
Prior radiotherapy (n) (%) 9(3.9) 3(2.0) 6 (7.9)*
Prior hormonal treatment (n) (%) 40 (17.7) 31 (20.7) 9(11.8)
Prior dopamine agonists (n) (%) 24 (10.6) 14 (9.3) 10(13.2)
*n<0.05

All the clinical data were obtained from a database created for this purpose in 2012, including all patients
who have been operated on since 2008 retrospectively and recruited prospectively from then until 2019.
Patients included underwent surgery for a PA using an EET approach. All patients were followed for at
least 6 months after surgery. PA consistency was reported during surgery by the same neurosurgeon
(VRB). Patients with a diagnosis different from PA (Rathke cleft cyst, craniopharyngioma, and
meningioma) and those with pituitary apoplexy were excluded.

Magnetic resonance imaging (MRI) studies of the pituitary gland were performed with a 1.5 T, GE 450w
system. MRI (axial, sagittal, and coronal T1- and T2-weighted sequences) with and without gadolinium
contrast both pre- and postoperatively in all patients. The Knosp classification[8] and the major axis of
each adenoma were determined. Knosp grades (0—4) were considered, and PAs were grouped as low
Knosp (0-2) and high Knosp grades (3-4) [9].

A baseline hormonal study was performed in each patient with determinations of anterior pituitary
hormones (corticotropin, thyrotropin, prolactin, growth hormone, and luteinizing and follicle stimulating
hormones), as well as their peripheral hormones (free thyroxine, insulin-like growth factor I, cortisol, and
testosterone in males and estradiol in females) before and after surgery.

The patients were evaluated by an expert ophthalmologist before and after the intervention, performing
formal visual field testing in most cases and studies with optical coherence tomography (OCT) since
2012. An otolaryngologist evaluated all patients prior to surgery [10].

The study was reviewed and approved by the local ethics committee of the HURC (approval date: October
4,2019, Code: Acta 372).
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Gross total resection (GTR) was defined as when the surgeon’s intraoperative vision and postoperative
imaging document no residual tumor. The resection was considered subtotal (STR), otherwise.

Surgical technique

All surgeries were performed by the senior author (VRB) through an EET approach and four-hand
technique, with anterior sphenoidotomy and partial posterior septectomy. Nasosphenoidal stage, opening,
and closure were done collaborating with an otolaryngologist.

Tumor consistency

The senior author described PA consistency in every case among the two groups, along with some of the
most relevant studies describing PA consistency [2], [6], [7], [11]. We divided the consistency into "soft” (n
=150), which includes easily aspirated tumors with conventional 8—10 french suction tip, and "fibrous" (n
=76), which implies that the tumor had to be fragmented previously with ring curettes and occasionally
needing extracapsular dissection for its complete removal. Within this group, an additional "very hard"
subgroup was reported (n = 21), requiring sharp instruments to debulk them and extracapsular dissection
for their complete removal.

Complications

We have carefully reported surgical complications [12]. We grouped them into severe (life-threatening or
non-reversible) (postoperative intracranial bleeds, meningitis, visual deterioration, and death) and minor
(reversible or medically treatable) (presence of permanent diabetes insipidus [Dl], loss of the anterior
pituitary hormonal axis, postoperative cerebrospinal fluid leakage, and medical complications). We
analyzed the complications after overcoming the learning curve (first 40 cases).

Statistical analysis

The statistical analysis was performed using Stata 16 (StataCorp. 2019). In the descriptive analysis,
categorical variables were expressed as percentages (absolute values of variables), and quantitative
variables were expressed as means (standard deviations [SDs]). The normality assumption was studied
with the Shapiro—Wilk test. Levene's test was used to test for homogeneity of variances. Student’s t-test
and multiple linear regression models were performed accordingly to compare differences in continuous
parameters between two subgroups. The chi-squared test was applied to compare categorical variables
between independent samples. A logistic regression model was used to calculate odds ratios (ORs) and
95% confidence intervals (Cls). In addition, multivariate analysis with logistic regression was performed,
and adjusted models were chosen following best-adjustment criteria and those changing measures of
association < 10%. The significance level was set at p <0.05.

Results

A total of 216 patients (121 [55.6%] women; mean age [SD] 53.2 + 15.8 years) were analyzed, representing
226 surgical interventions. A total of 150 soft PAs (66.4%) and 76 fibrous PAs (33.6%) were operated on,
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achieving a complete resection in 142/215 of them (66.1%).

Extent of resection and consistency

In the univariate analysis, fibrous adenomas showed a higher incidence of incomplete resections (OR
3.79,95% Cl 2.07-6.92, p< 0.001), with a GTR percentage among fibrous PAs of 45.8% vs. 76.2% among
soft PAs (Table 2). To assess the effect of the fibrous consistency of the adenoma, we chose a logistic
regression model that included the Knosp grade and its interaction with the consistency and the size of
the adenoma (mm) (craniocaudal), as well as having received prior treatment. According to this
multivariate-adjusted model, fibrous adenomas presented an OR of 8.22 (95% CI 1.93-35.12, p = 0.004)
of having an incomplete resection. An additional subgroup analysis was done, grouping Knosp grades
according to cavernous sinus (CS) invasion. Analyzing the subgroup of Knosp grades 0, |, and Il (without
CS invasion), an adjusted OR of 7.13 was obtained for incomplete resection in those fibrous adenomas
(95% C1 1.53-33.25, p=0. 012) (Table 2; Fig. 1).
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Table 2

Uni- and multivariate analyses of surgical outcomes according to tumor consistency and subgroup

analysis.
Univariate Analysis Multivariate Analysis
Fibrous  Soft OR 95% p OR 95%
Cl value Cl value

Subtotal resection, % 54.2 23.8 3.79 2.07- 0.001 8.22* 1.93- 0.004
(n) (34/143) 6.92 35.12

(39/72)
Biochemical 50.0 72.9 2.68 097- 0.058 0.21* 0.02- 0.214
remission, % (n) (51/70) 7.46 2.46

(10/20)
Subgroup analysis according to Knosp grade
Subtotal resection 23.3 3.1 7.13% 1.53- 0.012
KNOSP 0-l1, % (n) (7/30) (3/98) 33.25
Subtotal resection 76.2 68.9 1.07% 0.38- 0.898
KNOSP lII-IV, % (n) (32/42)  (31/45) 2.99
Biochemical 23.1 7.1 028% 0.02- 0316
remission KNOSP IlI- (3/14) (1/14) 3.43
IV, % (n)
Subgroup analysis in very hard pituitary adenomas
Subtotal resection, 75.0 29.7 7.09 2.46- 0.001 11.42* 2.06- 0.005

(15/20)  (58/195) 20.41 63.49

% (n)

Subgroup analysis in PAs greater than 10 mm and less than 40 mm in the craniocaudal axis

Subtotal resection, 48.1 23.4 3.03 147-
(25/52)  (22/94) 6.25

% (n)

Biochemical 52.9 70.0 2.07 0.61-

remission, % (n) (9/17) (21/30) 7.11

Subtotal resection 25.0 3.2

KNOSP 0-l1, % (n) (6/24) (2/62)

Subtotal resection 67.9 62.5

KNOSP lII-IV, % (n) (19/28)  (20/32)

*adjusted for adenoma size, Knosp grade and prior treatment.
*adjusted for adenoma size and prior treatment.

&All fibrous PAs Knosp 0-ll achieved biochemical remission.

Figures in bold type indicate statistical significance.

0.003 9.01* 1.65- 0.011
49.27

0.246 0.34* 0.03- 0.419
4.56

0.35* 1.76— 0.011
74.41

0.36* 0.35- 0.917
3.24
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The effect of adenoma consistency was also analyzed in those adenomas classified as very hard (n =
20), resulting in an OR of 11.4 (95% Cl 2.06—-63.49, p = 0.005) for incomplete resection, adjusting for the
previous model (Table 2).

Regarding the biochemical cure rate of functioning adenomas, there was a particular trend towards a
higher number of no remissions in fibrous adenomas, with an OR of 2.68 (95% CI 0.97-7.46, p = 0.058).
However, this difference was not maintained in the adjusted model of the analysis according to the
Knosp grades (Table 2). In the subgroup of Knosp grades with no CS invasion, the seven fibrous
adenomas (100%) had a biochemical cure; hence, no adjusted OR is presented in the corresponding table.

A subgroup of adenomas of intermediate size (macroadenomas excluding giant adenomas) greater than
10 mm and less than 40 mm in the craniocaudal axis was analyzed separately. The differences between
the number of subtotal resections (total and grouping by CS invasion according to Knosp grade) and
biochemical remissions were similar to those described above. An adjusted OR of 9.01 was obtained for
incomplete resection in those fibrous adenomas (95% Cl 1.65-49.27, p=0.011), and an adjusted OR of
11.4 was obtained for incomplete resection in those fibrous adenomas without CS invasion (95% Cl
1.76-74.41,p =0.011) (Table 2; Fig. 2).

Intraoperative variables and consistency

Several intraoperative variables and complications were evaluated after getting past the learning curve
(after carrying out the first 40 cases).

There were 186 recorded operative times. Fibrous adenomas involved longer times (Table 3), which was
maintained difference despite getting past the learning curve, with an increasing surgical time of 41.8
minutes (95% Cl 20.3-63.4, p < 0.001). After adjusting for the Knosp grade, tumor size and previous
treatments, fibrous adenomas required longer surgical times, 22.5 minutes on average (95% Cl 4.60-
40.43,p=0.014).

Table 3

Operative time after getting past the learning curve according to tumor
consistency.

n Time(min.) LL95%ClI UL95%Cl pvalue

Fibrous 62 181.1 161.3 200.9
Soft 124 139.3 130.7 147.8
Difference 41.8 20.3 63.3 0.001

Abbreviations: LL: lower limit; UL: upper limit; Cl: confidence interval.

Figures in bold type indicate statistical significance.
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Regarding length of hospital stay, patients with fibrous adenomas spent, on average, 1.7 more days in the
hospital although not reaching statistical significance (95% Cl 0.2-3.6, p = 0.085). The same goes for the
multivariate analysis, adjusting for the Knosp grade, tumor size, previous treatments, and presence of
complications, where fibrous PAs required 1.6 more days of hospitalization (p = 0.054). Complications
were associated with an average of 3.7 more days of hospitalization (p <0.001) in this model.

In the univariate analysis, fibrous adenomas showed a higher incidence of intraoperative CSF leak (OR
5.84,95% Cl 2.86-11.92, p =0.001). After adjusting for tumor size, an OR of 5.24 (95% Cl 2.49-11.02,p =
0.001) was obtained (Table 4).

Table 4
Uni- and multivariate analyses of several surgical complications according to tumor consistency.
Univariate Analysis Multivariate Analysis
Fibrous Soft OR 95%Cl p OR 95%
value Cl value
Total complications,  45.2 27.7 2.15 1.14- 0.017 1.60* 0.82- 0.170
(28/62)  (36/130) 4.04 3.12
% (n)
Meningitis, % (n) 0 0
Intraoperative CSF 46.7 13.1(17) 584 2.86— 0.001 5.24* 2.49- 0.001
leak, % (n) (29) 11.92 11.02

Postoperative CSF 4.9 (3) 0.8(1) 1.85 0.18- 0.609 0.69* 0.05- 0.787
leak, % (n) 19.31 10.11

Panhypopituitarism, 6.5 (4) 0.8 (1) 12.77  1.51- 0.019 qp936¢ 1.18- 0.035
% () 108.11 91.12

Diabetes insipidus, 1450) 139(18) 1.06 0.45- 0.901 1.11* 0.44- 0.821
transient, % (n) 2.51 2.79

Diabetes insipidus,  6.5(4) 0.8 (1) 1512 1.82-  0.012 9.83*  1.08- 0.042
permanent, % (n) 125.26 89.14

*adjusted for tumor size.

&adjusted for tumor size and prior treatment.

Figures in bold type indicate statistical significance.

Consistency and complications

We found more complications (OR 2.15,95% Cl 1.14-4.04, p=0.017), as well as severe complications
(OR 4.55,95% CI 1.10-18.83, p = 0.036), in patients with fibrous PAs, after getting past the learning curve.
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By analyzing the complications individually, there was a greater number of cases of postsurgical
panhypopituitarism (OR 12.77,95% Cl 1.51-108.11, p =0.019) and permanent DI (OR 15.12, 95% ClI
1.82-125.26, p=0.012) in fibrous PA surgeries. No association was found between postoperative CSF
leak and PA consistency (Table 4).

Adjusting for adenoma size, there was no statistically significant association between a fibrous
consistency and greater number of total and severe complications. No relationship was found in the
crude or multivariate analysis regarding minor complications (including pneumonia, epistaxis, and
syndrome of inappropriate antidiuretic hormone secretion).

There appeared to be a higher number of cases of postsurgical panhypopituitarism in patients with
fibrous adenomas. The OR obtained in the univariate analysis was 15.12 (95% Cl 1.51-108.11, p=0.019)
and 10.36 (95% CI 1.18-91.12, p = 0.035) in the adjusted model (Table 4; Fig. 3).

There was no relationship between consistency and transient DI. The excision of fibrous adenomas
seems to imply a greater number of cases of permanent DI (Table 4; Fig. 3).

We analyzed the subgroup of adenomas without prior treatment and with preserved pituitary function (52
cases, 78.9% soft and 21.1% fibrous). Pituitary dysfunction occurred in 4.9% (2/41) of soft consistency
adenomas and in 9.09% (1/11) of fibrous consistency adenomas. Fibrous PAs showed a higher incidence
of transient DI, with an OR of 6.8 (95% CIl 1.26—36.47, p = 0.026) obtained in the best-adjusted model.
There were no cases of permanent DI in this subgroup of patients.

In this surgical series, a total of three cases of death were reported. Only one of them took place after
getting through the learning curve (1/184, 0.54%). All three patients had giant fibrous adenomas, two of
them with significant comorbidities. The other patient suffered from complete blindness with an
aggressive recurrent pituitary tumor requiring multiple operations and reirradiation. Palliative surgery was
considered, but further added complications made the patient’s family reject aggressive treatments (CSF
leak, fungal meningitis and various surgical interventions).

Clinical outcomes, posterior treatments and recurrence
rates

First, we considered the crude analysis of postoperative changes after getting through the learning curve.
We found a lower percentage of visual clinical improvement in fibrous adenomas (all those patients with
altered visual fields at diagnosis were analyzed), 88.0% (22/25) vs. 100% (30) of improvements in soft
adenomas, although this association was not statistically significant (p = 0.088). When patients without
prior treatment were analyzed, the percentages maintained the trend, improving 85.7% (18/21) of patients
with fibrous adenomas compared to 100% (28) of patients with soft adenomas, almost reaching a
significant association (p = 0.07). Three cases of visual deterioration were found (3/62, 4.8%) in patients
with fibrous adenomas compared to 0% in patients with soft adenomas; these cases of deterioration had
an adenoma of intermediate size, between 20 mm and 35 mm in the different axes.
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There were no significant differences in the improvement or worsening of headache symptomes, neither in
the crude nor subgroup analysis. All patients with fibrous adenomas (100%, n = 10) had improved
headache symptoms compared to 90% improvement in those with soft adenomas (18/20).

In the univariate analysis, patients with fibrous adenomas received a more significant number of
treatments after surgery (OR 2.73,95% ClI 1.34-5.57, p =0.006). The subgroup of those adenomas that
had apparent complete resection was evaluated with the same regression model, with an association that
lost statistical significance. We observed a higher frequency of medical treatments and radiotherapy after
surgery in those with fibrous adenomas. In the multivariate analysis, adjusting for degree of resection,
Knosp grade, and previous treatments, statistical significance was not reached, except for postoperative
radiotherapy (OR 2.76, 95% CI 1.08-7.01, p = 0.033) (Table 5).

Table 5
Prevalence and crude and adjusted ORs for long-term outcomes.
Univariate Analysis Multivariate Analysis
Fibrous  Soft OR 95% p OR* 95%
Cl value Cl value
PostOp treatment, % (n)  36.21 17.21 273 134- 0.006 190 0.87- 0.107
(21/58)  (21/122) 5.57 415
PostOp treatment with 13.33 5.62 2.58 0.65- 0179 3.02 0.65- 0.159
prior GTR, % (n) (4/30) (5/89) 10.34 14.06
PostOp medical 46.67 15.79 467 1.35- 0.015 3.03 0.75- 0.118
therapy, % (n) (7/15) (9/57) 16.11 12.19
PostOp medical therapy  12.50 0 (0/45)
with prior GTR, % (n) (1/8)
PostOp RT, % (n) 24.14 9.02 321 136- 0008 276 1.08- 0.033
(14/58)  (11/122) 7.59 7.01
PostOp RT with prior 10.0 4.49 236 0.49- 0.293 288 0.51- 0.232
GTR, % (n) (3/30) (4/89) 10.89 16.35
PostOp surgery, % (n) 6.90 2.46 295 064- 0165 233 046- 0.334
(4/58) (3/122) 13.63 11.91
PostOp surgery with 0(0/30) 1.12
prior GTR, % (n) (1/89)
*adjusted for tumor size and prior treatment.
PostOp medical therapy: Cabergoline (dopamine agonist) and somatostatin analogs (SSAs).
Figures in bold type indicate statistical significance.
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We found a small sample of 12 cases with recurrences. Of which, only five cases had not received any
previous treatment. There was no evidence of association with tumor consistency, despite analyzing
subgroups according to the degree of resection.

Discussion

There are several factors, such as tumor size or CS invasion (assessed through Knosp grade), that may
alter the outcomes of EET surgery for PA [13]-[15]. Among them, some authors have also considered the
possible influence of the consistency of the PA [2], [4], [6], [16]. Nevertheless, there is no universally
accepted classification for the consistency of adenomas [7], [17], although most authors differentiate
easily aspirated (soft) tumors from those that require prior fragmentation [2], [4], [18]. We have considered
the group of easily aspirated (soft) vs. the rest (fibrous), as it is more easily identifiable and represents a
clear difference in the excision technique (use of a conventional aspirator vs. the use of curettes or sharp
instruments). However, we additionally differentiated a subgroup of adenomas with a very hard
consistency, which required previous extracapsular dissection, fragmentation with a scalpel or the use of
an ultrasonic aspirator [17].

According to this, our series contains 33.6% fibrous (non-suckable) adenomas, being comparable to that
presented by certain authors (15-35%) [2], [6], [7], [19]. It should be noted that some authors reported a
lower prevalence of fibrous tumors (5-13.5%) [3], [20], which would correspond with our obtained figure of
9.3% (20/225) (considering the subgroup of very hard Pas). These differences might be explained due to
the variability in tumor consistency definition.

Surgery on fibrous adenomas seems to have a lower number of complete resections. Different authors
have reported similar findings [19], [21]; in particular, Cappelletti et al. [2] reporting a GTR of 41.7% in
fibrous adenomas compared with 76.2% in soft adenomas, our series shows similar results (GTR of
48.7% for fibrous adenomas vs. 76.3% of soft adenomas). In the subgroup of 22 adenomas of very hard
consistency, the GTR was even lower, 28.6% compared to 71.1% in the rest of the series; this downward
trend of GTR was also reported by Rutkowski et al.[7]. On the other side, Yamada et al. [22] reported no
relationship between tumor consistency and degree of resection.

When analyzing the subgroup of macroadenomas (excluding microadenomas and giant PAs) and
adjusting for Knosp grade, tumor size, and previous treatment, a lower number of complete resections
was also observed in fibrous adenomas vs. soft adenomas (51.9% [27/52] vs. 76.6% [72/94], p=0.011).
This analysis was extended by stratification according to CS invasion, yielding an OR of 11.4 (95% ClI
1.76-74.41, p=0.011) for incomplete resections in those fibrous adenomas with the previously described
conditions and Knosp grades between 0 and Il. This subgroup analysis aimed to show the influence of
consistency in those tumors where other possible confounding factors were eliminated, such as invasion
of the CS [7], [16], [21], giant adenomas [23] or adenomas not visible on imaging tests[24].

In our series, the percentage of biochemical remissions for functioning fibrous adenomas tended to be

lower than that found in soft adenomas, although the relationship was not statistically significant
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(Table 2). No studies have been found reporting the association of consistency and biochemical
remissions [25]. The biochemical cure rate is closely related to the degree of tumor resection [26];
therefore, fibrous functioning PAs might be associated with lower biochemical cure rates [27], especially
in higher Knosp grades (invading CS) as reported above in the subgroup analysis (Table 2).

We assessed the complications [28] of the 226 interventions, differentiating major and minor
complications. The main surgeon learning curve factor, within the first 3 years of EET surgical experience,
was evaluated, because it is considered that complications or intraoperative variables in the first 40 cases
could be overestimated by this factor[29]. A multivariate analysis was performed adjusting for Knosp
grade, previous treatments, and tumor size once the learning curve was through[30]. Generally, more total
complications occurred in fibrous adenoma surgeries, although this relationship lost statistical
significance in the multivariate analysis (OR 1.42,95% Cl1 0.74-2.75, p = 0.294). It is not surprising that
such a disparate group was not directly related to the consistency of the PA.

If only major complications were considered, interventions on fibrous adenomas seem to have a more
significant number of complications according to the univariate model (Table 4), despite having passed
the learning curve. This may be mainly due to the fact that surgical removal in these tumors is more
complex, requiring greater glandular manipulation[6] and, in many cases, an extracapsular dissection[31].
However, statistical significance disappeared in the multivariate model. There was no evidence of a
relationship between minor complications and tumor consistency[6].

The fibrous consistency implies more aggressive excision and dissection techniques and could lead to
the appearance of a greater number of complications, as described by other authors[6], [7], [27]. However,
tumor size (craniocaudal axis) indeed seems to be the most determinant factor according to our adjusted
model[32], [33] in the analysis of pooled complications. An important association was seen in a greater
number of intraoperative CSF leaks in surgeries for fibrous adenomas (Table 4). Adjusting for tumor size
and previous treatments, this difference persisted (OR 5.23,95% Cl 2.52-10.87, p =0.001). We did not
find this relationship reported in the literature review, even though some authors have defined different
factors (surgical, anatomical, etc.) predicting the opening of the sellar diaphragm [34].This is justified by
the difficulty in handling these lesions and the need to perform an extensive extracapsular dissection.
However, even once the learning curve has been completed, this does not translate into a greater number
of postoperative CSF leaks (where a surgical closure technique is also involved), as mentioned by other
authorsl[7].

In the present study, there seem to be more cases of postsurgical panhypopituitarism in patients with
fibrous PAs (Table 4). Although our sample size was small (eight cases), some authors have reported
similar trends[6], [7]. We did not find a statistical association between transient DI and adenoma
consistency. Fibrous adenomas were associated with higher rates of persistent DI (Table 4). The apparent
higher frequency of persistent DI in fibrous adenomas could be due to greater manipulation by more
aggressive dissection techniques, a higher incidence of diaphragm openings, or the interaction between
the two. Few authors have specifically analyzed the influence of adenoma consistency and postoperative
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hormonal complications [6], [7], [35]. Some authors have reported a relationship between the size of the
adenoma and the incidence of postoperative hormonal deficits[36], [37] although not taking into account
PA consistency or the learning curve.

The mean surgical time in our series is comparable to others [38]. Fibrous PA surgery lasted longer, with a
mean of about 42 minutes, despite completion of the learning curve[39]. This association maintained its
statistical significance in the multivariate analysis (Table 3), lengthening the surgical time 22.5 minutes
(p=0.014). It is noteworthy that, despite adjusting for various factors and having overcome the learning
curve, the fibrous consistency of the adenoma continued to be a factor to take into account in the
surgical act. This longer duration of surgery could have implications for surgical results and increased
anesthetic risk; a recent meta-analysis showed a 14% more probability of complications for every 30
minutes of additional prolongation[40].

It cannot be concluded that the hospitalization time varies directly, depending on the consistency. A trend
towards a longer hospitalization time can be identified in those patients with fibrous adenomas, despite
the apparent decrease in the time of hospitalization concerning the learning curve[39]. This trend could be
influenced by the more significant number of postoperative complications associated with fibrous tumors
(Table 4), which sometimes require more observation or in-hospital care. In the multiple linear regression
analysis, the presence of complications had a significant influence (p = 0.001), being an independent
predictor, lengthening the hospitalization time 3.7 days. Asemota et al. reported the incremental costs and
the increase in hospitalization time in those patients who presented with complications after surgery
although without describing tumor characteristics[12].

Regarding the prognosis and postoperative changes[41], we did not find significant differences in the
improvement/worsening of visual symptoms due to the small sample size. Despite this, three cases of
visual impairment in ours study had a fibrous consistency and intermediate size, between 20 mm and 35
mm in the different axes. Different authors[42], [43] consider the size of the adenoma was a very
determinant factor of the possibility of both worsening and improvement of visual symptoms. Therefore,
it cannot be ruled out that the consistency of the adenoma was not related to a worsening of visual
symptoms in these patients. Thomé and Zevgaridis [44] propose a theory that vascular compromise of
the optic pathway could be related to impaired vision in certain patients. In addition to what they
comment on, this vascular compromise could be due to excessive manipulation with the fibrous
consistency of the adenoma.

We found no studies analyzing the relationship of consistency with clinical prognosis.

According to the univariate analysis, patients with fibrous adenomas received more postoperative
treatments (OR 2.76, p = 0.004). In the univariate analysis of the subgroup of fibrous adenomas with
apparent complete resection, the OR was 3.26 (95% CI 0.88-12.11, p = 0.078). These results are likely
related to fibrous adenomas and their tumor size, although the best-adjusted multivariate model to
measure effect only included Knosp grade and prior treatment.
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No significant differences were obtained in terms of the number of recurrences or elapsed time until the
recurrence occurred. Although the sample size of recurrences was small (n = 14), it cannot be ruled out
that the fibrous consistency was associated with a higher recurrence rate. No studies have been found in
this regard, with most only analyzing the degree of invasion and tumor size [45].

This study represents the results of a nonrandomized design, implying certain limitations. All patients
included in the study were operated on with the same surgical technique and prospectively classified by
the same neurosurgeon. There is no universally accepted classification of PA consistency, so there is an
inherent difficulty when comparing data between different reports. Adopting a standard for
classification/definition of adenoma consistency will make it easier to compare surgical series. Moreover,
several confounding factors mentioned above could bias our results. The limited number of patients is
another limiting factor. More cases will allow statistical analyses with greater power and narrower Cls.
Ideally, a multicenter prospective study would yield more scientific evidence in this regard.

Conclusion

In conclusion, fibrous PAs are independently associated with lower resection rates, even in those without
CS invasion (Knosp grades 0, | and Il). There is more intraoperative CSF leakage in fibrous PA surgeries,
and there appears to be an association between this consistency and more cases of postoperative
hypopituitarism, permanent DI and the need for subsequent treatments. Removal of a fibrous PA requires
a longer surgical time, regardless of other factors. Therefore, the consistency of the PAs could
significantly condition the surgery and the patient's prognosis. Identifying these challenging fibrous
adenomas preoperatively could encourage centralizing these high complexity tumors in reference centers.

Declarations

Compliance with ethical standards
Funding: This work has not received any financial support.
Conflict of interest: All of the authors declare that they have no conflict of interest.

Ethical approval: The studies involving human participants were reviewed and approved by the Ethical
Committee of the Ramén y Cajal Hospital. The patients/participants provided their written informed
consent to participate in this study.

References

1. Q. T. Ostrom et al., “CBTRUS Statistical Report: Primary Brain and Other Central Nervous System
Tumors Diagnosed in the United States in 2012-2016,” Neuro. Oncol., vol. 21, no. 5, pp. v1-v100,
2019.

Page 16/21



2.

10.

11.

12.

13.

14.

15.

M. Cappelletti, A. G. Ruggeri, L. Spizzichino, A. D’Amico, E. D'avella, and R. Delfini, “Fibrous Pituitary
Macroadenomas: Predictive Role of Preoperative Radiologic Investigations for Proper Surgical
Planning in a Cohort of 66 Patients,” World Neurosurg., vol. 121, pp. e449-e457, Jan. 2019.

. L. Yiping, X. Ji, G. Daoying, and Y. Bo, “Prediction of the consistency of pituitary adenoma: A

comparative study on diffusion-weighted imaging and pathological results,” J. Neuroradiol., vol. 43,
no. 3, pp. 186-194, Jun. 2016.

.J. W. Rutland et al,, “Analysis of 7-tesla diffusion-weighted imaging in the prediction of pituitary

macroadenoma consistency.,” J. Neurosurg., pp. 1-9, 2020.

. M. E. Molitch, “Diagnosis and treatment of pituitary adenomas: A review,” JAMA - J. Am. Med. Assoc.,

vol. 317, no. 5, pp. 516—524, 2017.

. S. Schur, O. Lasry, M. A. Tewfik, and S. Di Maio, “Assessing the association of tumor consistency and

gland manipulation on hormonal outcomes and delayed hyponatremia in pituitary macroadenoma
surgery,” Interdiscip. Neurosurg. Adv. Tech. Case Manag., vol. 20, no. November 2019, 2020.

. M. J. Rutkowski et al.,, “Development and clinical validation of a grading system for pituitary

adenoma consistency,” J. Neurosurg., pp. 1-8, Jun. 2020.

. E. Knosp, E. Steiner, K. Kitz, and C. Matula, “Pituitary Adenomas with Invasion of the Cavernous Sinus

Space,” Neurosurgery, vol. 33, no. 4, pp. 610—618, Oct. 1993.

. J. C. Fernandez-Miranda et al,, “Cavernous sinus compartments from the endoscopic endonasal

approach: Anatomical considerations and surgical relevance to adenoma surgery,” J. Neurosurg., vol.
129, no. 2, pp. 430-441, 2018.

M. Araujo-Castro et al,, “Postoperative management of patients with pituitary tumors submitted to
pituitary surgery. Experience of a Spanish Pituitary Tumor Center of Excellence,” Endocrine, vol. 69,
no. 1, pp. 5-17, 2020.

A. L. Pappy, A. Savinkina, C. Bicknese, S. Neill, N. M. Oyesiku, and A. G. loachimescu, “Predictive
modeling for pituitary adenomas: single center experience in 501 consecutive patients,” Pituitary, vol.
22,n0. 5, pp. 520-531, 2019.

A. 0. Asemota, M. Ishii, H. Brem, and G. L. Gallia, “Comparison of complications, trends, and costs in
endoscopic vs microscopic pituitary surgery: Analysis from a US health claims database,” Clin.
Neurosurg., vol. 81, no. 3, pp. 458-471, 2017.

L. Lv et al, “Clinical and Pathologic Characteristics Predicted the Postoperative Recurrence and
Progression of Pituitary Adenoma: A Retrospective Study with 10 Years Follow-Up.,” World
Neurosurg., vol. 118, pp. e428-e435, Oct. 2018.

S. Dhandapani, H. Singh, H. M. Negm, S. Cohen, V. K. Anand, and T. H. Schwartz, “Cavernous Sinus
Invasion in Pituitary Adenomas: Systematic Review and Pooled Data Meta-Analysis of Radiologic
Criteria and Comparison of Endoscopic and Microscopic Surgery,” World Neurosurg., vol. 96, pp. 36—
46, 2016.

M. A. Mooney et al., “Proposal and Validation of a Simple Grading Scale (TRANSSPHER Grade) for
Predicting Gross Total Resection of Nonfunctioning Pituitary Macroadenomas after Transsphenoidal

Page 17/21



16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

Surgery,” Oper. Neurosurg., vol. 17, no. 5, pp. 460-469, 2019.

T. Ouyang et al., “Outcomes and Complications of Aggressive Resection Strategy for Pituitary
Adenomas in Knosp Grade 4 With Transsphenoidal Endoscopy,” Front. Oncol.,, vol. 11, no. June, pp.
1-12,2021.

A. Acitores Cancela, V. Rodriguez Berrocal, H. Pian, J. S. Martinez San Millan, J. J. Diez, and P.
Iglesias, “Clinical relevance of tumor consistency in pituitary adenoma,” Hormones, Jun. 2021.

X.Y. Chen et al, “Relationship between pituitary adenoma consistency and extent of resection based
on tumor/cerebellar peduncle T2-weighted imaging intensity (TCTI) ratio of the point on preoperative
magnetic resonance imaging (MRI) corresponding to the residual point on p,” Med. Sci. Monit., vol.
26, pp. 1-8, 2020.

W. A. Azab et al., “Endoscopic Endonasal Excision of Large and Giant Pituitary Adenomas:
Radiological and Intraoperative Correlates of the Extent of Resection,” World Neurosurg., vol. 126, pp.
e793-e802, 2019.

A. K. Thotakura, M. R. Patibandla, M. K. Panigrahi, and A. Mahadevan, “Is it really possible to predict
the consistency of a pituitary adenoma preoperatively?,” Neurochirurgie, vol. 63, pp. 453-457, 2017.

A. Micko et al.,, “Challenging Knosp high-grade pituitary adenomas,” J. Neurosurg., pp. 1-8, 2019.

S. Yamada et al.,, “Clinicopathological characteristics and therapeutic outcomes in thyrotropin-
secreting pituitary adenomas: A single-center study of 90 cases,” J. Neurosurg., vol. 121, no. 6, pp.
1462-1473, Dec. 2014.

J. A. Gondim, J. P. C. Almeida, L. A. F. Albuquerque, E. F. Gomes, and M. Schops, “Giant Pituitary
Adenomas: Surgical Outcomes of 50 Cases Operated on by the Endonasal Endoscopic Approach,”
World Neurosurg., vol. 82, no. 1-2, pp. €281-e290, 2014.

A. S. Little et al,, “Evaluation of surgical resection goal and its relationship to extent of resection and
patient outcomes in a multicenter prospective study of patients with surgically treated,
nonfunctioning pituitary adenomas: A case series,” Oper. Neurosurg., vol. 18, no. 1, pp. 26—33, 2020.

M. A. Castro, E. P. Corrales, V. M. Vaello, G. B. Saiz, and J. Q. De Silva, “Predictive model of surgical
remission in acromegaly: age, presurgical GH levels and Knosp grade as the best predictors of
surgical remission,” J. Endocrinol. Invest., no. 0123456789, 2020.

R. D. Almutairi et al,, “Gross total resection of pituitary adenomas after endoscopic vs. microscopic
transsphenoidal surgery: a meta-analysis,” Acta Neurochir. (Wien)., vol. 160, no. 5, pp. 1005-1021,
May 2018.

X. Bao et al, “Extended transsphenoidal approach for pituitary adenomas invading the cavernous
sinus using multiple complementary techniques,” Pituitary,vol. 19, no. 1, pp. 1-10, 2016.

G. Alzhrani, W. Sivakumar, M. S. Park, P. Taussky, and W. T. Couldwell, “Delayed Complications After
Transsphenoidal Surgery for Pituitary Adenomas.,” World Neurosurg., vol. 109, pp. 233-241, Jan.
2018.

T. H. Schwartz, “A role for centers of excellence in transsphenoidal surgery,” World Neurosurg., vol. 80,

no. 3-4, pp. 270-271, 2013.
Page 18/21



30

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

.M. S. Agam, M. A. Wedemeyer, B. Wrobel, M. H. Weiss, J. D. Carmichael, and G. Zada, “Complications
associated with microscopic and endoscopic transsphenoidal pituitary surgery: Experience of 1153
consecutive cases treated at a single tertiary care pituitary center,” J. Neurosurg., vol. 130, no. 5, pp.
1576-1583, 2019.

S. H. Kim et al,, “Immediate postoperative measurement of thyroid-stimulating hormone as an early
predictor of remission in thyroid-stimulating hormone-secreting pituitary adenomas,” J. Neurosurg.,
pp. 1-7,2020.

D. J. Lobatto et al., “Preoperative risk factors for postoperative complications in endoscopic pituitary
surgery: a systematic review,” Pituitary, vol. 21, no. 1, pp. 84-97, 2018.

N. Fatemi et al,, “Pituitary hormonal loss and recovery after transsphenoidal adenoma removal,’
Neurosurgery, vol. 63, no. 4, pp. 709-718, 2008.

A. Campero, J. F. Villalonga, and A. Basso, “Anatomical Risk Factors for Intraoperative Cerebrospinal
Fluid Leaks During Transsphenoidal Surgery for Pituitary Adenomas,” World Neurosurg., vol. 124, pp.
e346-e355,2019.

M. Araujo-Castro, F. Mariino-Sanchez, A. Acitores Cancela, A. Garcia Fernandez, S. Garcia Duque, and
V. Rodriguez Berrocal, “Is it possible to predict the development of diabetes insipidus after pituitary
surgery? Study of 241 endoscopic transsphenoidal pituitary surgeries.,” J. Endocrinol. Invest., 2020.
W. T. Burke, D. J. Cote, D. L. Penn, S. luliano, K. McMillen, and E. R. Laws, “Diabetes Insipidus After
Endoscopic Transsphenoidal Surgery,” Neurosurgery, vol. 87, no. 5, pp. 949-955, 2020.

P.Nayak, A. S. Montaser, J. Hu, D. M. Prevedello, L. S. Kirschner, and L. Ghalib, “Predictors of
postoperative diabetes insipidus following endoscopic resection of pituitary adenomas,” J. Endocr.
Soc., vol. 2,no. 9, pp. 1010-1019, 2018.

E. Uvelius and P. Siesjo, “3-D endoscopy in surgery of pituitary adenomas, prospective evaluation of
patient gain using basic outcome parameters,” J. Clin. Neurosci., no. xxxx, 2020.

P. Leach, A. H. Abou-Zeid, T. Kearney, J. Davis, P. J. Trainer, and K. K. Gnanalingham, “Endoscopic
transsphenoidal pituitary surgery: Evidence of an operative learning curve,” Neurosurgery, vol. 67, no.
5, pp.- 1205-1212, 2010.

H. Cheng et al,, “Prolonged operative duration is associated with complications: a systematic review
and meta-analysis,” J. Surg. Res., vol. 229, pp. 134—-144, 2018.

J. Cyprich et al,, “Comparative preoperative characteristics and postoperative outcomes at a private
versus a safety-net hospital following endoscopic endonasal transsphenoidal resection of pituitary
adenomas,” Acta Neurochir. (Wien)., pp. 1-8, Feb. 2020.

A. Thotakura, M. Patibandla, M. Panigrahi, and G. Addagada, “Predictors of visual outcome with
transsphenoidal excision of pituitary adenomas,” Asian J. Neurosurg.,vol. 12,no. 1,p. 1,2017.

R. W. Ho, H. M. Huang, and J. T. Ho, “The influence of pituitary adenoma size on vision and visual
outcomes after trans-sphenoidal adenectomy : A report of 78 cases,” J. Korean Neurosurg. Soc., vol.
57,no0. 1, pp. 23-31, 2015.

Page 19/21



44. C. Thomé and D. Zevgaridis, “Delayed visual deterioration after pituitary surgery - A review

introducing the concept of vascular compression of the optic pathways,” Acta Neurochir. (Wien)., vol.
146, no. 10, pp. 1131-1135, 2004.

45. H. Do et al., “Extent of Resection, Visual, and Endocrinologic Outcomes for Endoscopic Endonasal
Surgery for Recurrent Pituitary Adenomas,” World Neurosurg., vol. 102, pp. 35-41, 2017.

Figures
SURGICAL OUTCOMES
*

P 3k 96.9
e:, 80 76.2
w
g 60 45.8
g 40 . a4 311

0
(=W

, L]
Gross total resection Biochemical Gross total resection Gross total resection
remission KENOSP 0-11 ENOSPIII-IV
EmFibrous = Soft

Figure 1

Surgical outcomes in 226 pituitary tumors according to tumor consistency (*p < 0.05; **p < 0.01).
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Surgical outcomes according to tumor consistency in the group of 146 pituitary tumors with a maximum
diameter 10-40 mm (*p < 0.05; **p < 0.01).
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Surgical complications in 226 pituitary tumors according to tumor consistency (*p < 0.05; **p < 0.01).
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