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outcomes of 94 patients

Daibo Ke1, Ling Xu1, Danyang Wu1, Shaocheng Yang1,
Shun Liu1, Mingxiang Xie1,2 and Shunwu Xiao1,2*

1Department of Neurosurgery, The Affiliated Hospital of Zunyi Medical University, Zunyi, China,
2Graduate School, Zunyi Medical University, Zunyi, China
Background:Giant (with a diameter of at least 40mm and a volume of at least 10

cm3) pituitary adenomas (GPAs) are intricate tumors that pose considerable

difficulty for surgical removal. While endoscopic transsphenoidal surgery (ETS) is

a commonly employed technique for these destructive tumors, its effectiveness

may be restricted in cases where invasion into multiple compartments is present,

leading to limited resection.

Methods: A retrospective review was conducted on the clinical records of

94 patients diagnosed with GPAs who had undergone surgical resection from

2014 to 2022. An analysis was conducted on the outcomes of the surgical and

clinical procedures.

Results: In this group, the average size of the tumor before surgery was 44.6 ±

5.6 mm (range, 40–73 mm), and the volume was 25. 5± 16.6 cm3 (range, 10–

20.67 cm3). Of the total number of patients, 72 (76.6%) underwent a single ETS, 12

(12.8%) opted for transcranial surgery (TCS), and 10 (10.6%) chose a combined

method. Gross total resection (GTR) was successfully performed in 49 (68.1%), 3

(25.0%), and 8 (80.0%) patients who underwent each surgical approach. Seventy-

four (78.7%) patients had improved vision, 20 (21.3%) were unchanged, and none

had deterioration. Twenty-two patients (23.4%) experienced a total of 43

complications, which comprised hormonal insufficiency (11/94, 11.7%), diabetic

insipidus (6/88, 6.8%), electrolyte disorders (7/94, 7.4%), cerebrospinal fluid

leakage (5/94, 5.3%), meningitis (8/94, 8.5%), and hydrocephalus (6/94, 6.4%).

The GTR, subtotal resection (STR), and partial resection (PTR) rates were 63.8%

(60/94), 21.3% (20/94), and 14.9% (14/94), respectively. Throughout the follow-

up duration, 18.1% (17/94) of patients required reoperation and/or adjuvant

radiation treatment as a result of tumor regrowth or inadequate biochemical

remission of functioning GPAs.

Conclusion: ETS remains the optimal surgical option for most GPAs and

generally offers safe and efficient tumor resection. However, a combined
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approach with TCS remains a requirement in cases that are not suitable for

treatment with a single ETS. To achieve optimal tumor removal and minimize the

occurrence of surgical complications, a flexible combination of ETS and TCS is

recommended based on the characteristics of the tumor.
KEYWORDS

giant pituitary adenomas, surgical management, endoscopic transsphenoidal,
transcranial, combined approach
1 Introduction

Mass effect symptoms and inappropriate hormonal secretion

are the main manifestations of giant pituitary adenomas (GPAs),

which make up approximately 5%–15% of all pituitary adenomas

(1–3). Surgery for GPAs presents a significant challenge and is

accompanied by considerable perioperative complications due to

their substantial size and diverse growth patterns (4–6).

Endoscopic transsphenoidal surgery (ETS) is widely

acknowledged as the most effective therapy and has significantly

improved the success rate of gross total resection (GTR) during

surgery for pituitary adenoma (7–9); however, complete removal of

adenomas occupying multiple compartments is unlikely (4, 6, 10).

While transcranial surgery (TCS) is not commonly used as the main

procedure for GPAs, it provides enhanced accessibility to adenomas

that exhibit extensive extrasellar invasion, are situated in the frontal

region, or surround the arteries of the circle of Willis (11, 12).

However, TCS allows limited intrasellar tumor resection, especially

when the sella turcica is nearly normal-sized (13–15). Therefore,

combining ETS and TCS in a single operation has recently been

advocated to overcome these limitations (16–18).

This article discusses our surgical approach to treating 94 GPAs.

We characterize the lesions and discuss their applications and

limitations of respective treatment strategies.
2 Materials and methods

A review was conducted on the clinical data of patients who had

undergone surgery for GPAs at the Affiliated Hospital of Zunyi

Medical University between January 2014 and December 2022.

GPAs were classified as growth with a maximum size of ≥4 cm and

a volume of ≥10 cm3 onMRI before surgery. Approval for this study

was granted by the Ethics Committee at the Affiliated Hospital of

Zunyi Medical University.
2.1 Patient characteristics

Out of a total of 94 individuals, 50/94 (53.2%) were women and

44/94 (46.8%) were men. The average age was 52.6 ± 10.8 years

(ranging from 26 to 73 years old). Regarding the type of tumor,

nonfunctioning pituitary adenomas were present in 83/94 (88.3%)
02
patients, while growth hormone (GH)-secreting adenomas were

found in 6/94 (6.4%) individuals. Additionally, 3/94 (3.2%) patients

had prolactin (PRL)-secreting adenomas, and 2/94 (2.1%) patients

had thyroid-stimulating hormone (TSH)-secreting adenomas. The

preoperative complaints included visual impairment (81/94,

86.2%), headache (36/94, 38.3%), abducens nerve palsy (8/94,

8.5%), acromegaly (6/94, 6.4%), diabetes insipidus (6/94 6.4%),

and oculomotor nerve palsy (4/94, 4.3%). A preoperative

endocrine disorder in ≥1 axis was found in 57/94 cases, including

adrenal insufficiency in 29/94 (30.8%), hypothyroidism in 21/94

(22.3%), hypogonadism in 19/94 (20.2%), hyperprolactinemia in

18/94 (19.1%), elevated GH in 10/94 (10.6%), panhypopituitarism

in 8/94 (8.5%), and elevated TSH in 2/94 (2.1%) (Table 1).

Eight (8.5%) individuals had received previous medical

interventions, specifically a transcranial procedure, a

transsphenoidal procedure, or radiotherapy (with two, three, and

three patients, respectively). The average length of follow-up was

39.8 ± 23.4 months, ranging from 7 to 96 months.
2.2 Radiologic evaluation

All patients underwent preoperative MRI, which showed an

average maximum size of 42 ± 6 mm and an average volume of

28.9 ± 12.2 cm3, calculated using the formula (length × width ×

height)/2 (19). Tumors were categorized based on their extension

beyond the suprasellar and parasellar regions using the Hardy

grading system (20). This classification comprised 46/94 (48.9%)

grade III tumors, 34/94 (36.2%) grade IV tumors, and 14/94 (14.9%)

grade V tumors. Tumor invasion of the cavernous sinus was

determined based on the Knosp grades (21), which consisted of

18/94 (19.1%) grade I tumors, 37/94 (39.4%) grade II tumors, 29/94

(30.9%) grade III tumors, and 10/94 (10.6%) grade IV

tumors (Table 2).

The extent of resection (EOR) was categorized as gross total

resection (GTR; no detectable remaining tumor), subtotal resection

(STR; > 80%), or partial resection (PTR; ≤ 80%) (5).
2.3 Surgical approach

Patients in this research underwent removal of a pituitary

tumor using precise imaging assistance and utilization of
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microvascular Doppler probes if needed to locate the carotid

arteries and determine the extent of bone removal. The approach

was chosen individually for each case to achieve complete tumor

resection, maintain normal hormone secretion, preserve pituitary

function, and eliminate the potential for recurrence. Initially, an

attempt was made to achieve adequate tumor resection for the

majority of GPAs using a single approach involving a regular or

expanded ETS (Figure 1). A complementary TCS was adopted if the

suprasellar part could not be satisfactorily and safely resected due to
Frontiers in Oncology 03
its irregular shape, para-midline extension or optic apparatus, and/

or cerebral artery encasement (Figure 2). Residual tumors within

the cavernous sinus were routinely treated with radiation therapy to

avoid serious complications. Only in cases where a tumor displayed

significant invasion beyond the sella turcica and had a small portion

within it was a single TCS employed.
2.4 Skull base reconstruction

Skull base reconstruction is a crucial procedure. The central

component of reconstruction is multilayered closure, which is

designed according to the defect size, and the volume and

location of the CSF leak. Small defects with low-flow CSF leaks

can be closed with a Gelfoam inlay and a second inlay of artificial

meninges tucked under the border of the dura. As a third layer, the

pedicled vascularized nasoseptal flap can be positioned as an onlay

and further supported by gelatin sponges and silver ion gauze. In

cases with larger defects, it is preferred to use an inlay composed of

both fat and fascia lata, an onlay of bone flap (in situ bone flap, nasal

septum, and vomer), and a third layer composed of the same

material as in cases with small defects. A rigid buttress is

indispensable for tumors with extended dural resection. In large

defects with high-flow CSF leaks, an additional onlay graft may be

applied to cover the dura margin as another layer of reinforcement.
2.5 Follow-up

We evaluated the postoperative outcomes of all patients who

presented with clinical manifestations and who underwent visual

tests, endocrine examinations, and MRIs. Routine examination was

performed 1 day, 7 days, 3 months, and 6 months postoperatively and

annually thereafter. Visual tests, including visual acuity and visual
TABLE 2 Radiological characteristics of the 94 giant pituitary adenomas.

Radiological characteristics Number %

Total number 94 100

Maximum diameter

Mean ± SD (mm) 44.6 ± 5.6

Volume (cm3) 25.5 ± 16.6

Hardy grade

Grade C 46 48.9

Grade D 34 36.2

Grade E 14 14.9

Knosp grade

Grade I 18 19.1

Grade II 37 39.4

Grade III 29 30.9

Grade IV 10 10.6
frontiers
TABLE 1 Clinical characteristics of the 94 patients with giant pituitary
adenomas.

Clinical feature Number %

Total number 94 100

Sex

Male 50 53.2

Female 44 46.8

Age

Mean ± SD (years) 52.6 ± 10.8

Tumor type

Nonfunctioning adenoma 83 88.3

GH-secreting adenoma 6 6.4

PRL-secreting adenoma 3 3.2

TSH-secreting adenoma 2 2.1

Preoperative symptoms

Visual impairment 81 86.2

Headache 36 38.3

Abducent nerve palsy 8 8.5

Acromegaly 6 6.4

Diabetes insipidus 6 6.4

Oculomotor nerve palsy 4 4.3

Preoperative pituitarism disorder

Hypoadrenalism 29 30.8

Hypothyroidism 21 22.3

Hypogonadism 19 20.2

Hyperprolactinemia 18 19.1

Elevated GH 10 10.6

Panhypopituitarism 8 8.5

Elevated TSH 2 2.1

Prior treatment

ETS 3 3.2

TCS 2 2.1

Radiotherapy 3 3.2
GH, growth hormone; PRL, prolactin; TSH, thyroid-stimulating hormone; ETS, endoscopic
transsphenoidal surgery; TCS, transcranial surgery.
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field tests, were conducted. Pituitary function was assessed with a

comprehensive endocrinological examination. Specific criteria were

adopted for defining biochemical remission of GH secreting tumors

(IGF-I in the age-adjusted normal range, and a random GH level <1
Frontiers in Oncology 04
mcg/L or nadir GH levels <0.4 mcg/L) (22) and PRL secreting tumors

(baseline PRL levels <200 mcg/L in female patients and 150 mcg/L in

male patients) (23). The extent of tumor resection was calculated on

the basis of intraoperative findings and postoperative MRI.
FIGURE 2

A GPA in a 46-year-old male patient. Preoperative axial (A), coronal (B), and sagittal (C) MR images show the tumor extending into the left lateral
ventricle. The patient underwent ETS and a combined left frontal craniotomy via a transcortical approach. Postoperative MR images showing that the
tumor was gross totally resected (D–F). (G–J) Intraoperative images of the surgical stages. (G) Endoscopic view after sellar opening. The dura was
quite thin and adhered closely to the tumor capsule. (H) The suprasellar part of the tumor did not descend after intrasellar tumor resection and
needed to be mechanically delivered from the cranial path. (I) The tumor was removed sufficiently with ETS and simultaneous TCS. (J) The skull base
defect was reconstructed with an autologous fat graft, a pedicled nasoseptal flap, and oxidized cellulose with fibrin glue. TSD, tuberculum sella dura;
TC, tumor capsule; Tu, tumor; AM, arachnoid membrane; PSD, planum sphenoidale dura; PNF, pedicled nasoseptal flap.
FIGURE 1

Different directions and extents of suprasellar extension did not influence the EOR. (A–D) Preoperative MR images of 4 patients with GPAs. All
patients were characterized by no sign of cavernous sinus invasion (Knosp grade 0-I). (A) Gourd-like GPA with extreme suprasellar extension into the
third ventricle and obstructive hydrocephalus. (B) Dumbbell-shaped GPA with lateral extension and displacement of the left anterior cerebral artery.
(C) Lobulated GPA with forward extension into the planum sphenoidale. (D) Oval-shaped GPA with suprasellar and posterior fossa extension by
dorsum sellae and clivus erosion. (A1–D1) Postoperative MR images of A–D, respectively, showing no visible residual tumor (GTR) in these GPAs of
different suprasellar extensions.
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2.6 Statistical analysis

Data statistics and analysis were conducted using SPSS software

version 17.0. Means and standard deviations or medians and ranges

were used to present continuous variables, whereas numbers and

percentages were used to present categorical variables. The analysis

of categorical variables involved the utilization of either the chi-

square test or Fisher’s exact test. Student’s t-test was used to analyze

continuous variables. A statistically significant result was

determined if the p-value was less than 0.05.
3 Results

3.1 Surgical outcomes

Seventy-two (76.6%) patients underwent a single ETS, including

10 (10.6%) who underwent a single standard transsphenoidal

approach and 62 (66.0%) who underwent an extended

transsphenoidal procedure. Twelve (12.8%) patients underwent a

single TCS and 10 (10.6%) underwent multiple surgical procedures,

including 8 (8.5%) who underwent simultaneous combined ETS

and TCS and 2 (2.1%) who underwent a two-stage surgery, both of

which were performed with an ETS at first and a subsequent TCS 3

months later (Table 3).
Frontiers in Oncology 05
The first postoperative MRI showed GTR, STR, and PTR in

63.8% (60/94), 21.3% (20/94), and 14.9% (14/94) of patients,

respectively. The maximum diameter and tumor volume were not

different among the PTR, STR, and GTR groups (p > 0.05). The

EOR was not affected by extension into the suprasellar region, as

patients with different degrees and directions of suprasellar

extension (Hardy stages III, IV, and V) achieved similar resection

rates (p > 0.05) (Figures 1, 2). The EOR in tumors classified as

Knosp grade III–IV was notably lower than that in tumors classified

as Knosp grade I–II (p = 0.037), which indicated that the outcome of

surgery was significantly influenced by cavernous sinus invasion

(Figure 3). The rate of PTR was significantly lower in ETS and

combined surgery groups (p = 0.004).The EOR was not significantly

predicted by factors such as sex, age, endocrine function, or

previous surgical history (Table 3).
3.2 Clinical outcome and complications

Among 81 patients with preoperative visual impairment, 71 (83.1%)

experienced visual improvement, and the remaining 10 (12.3%) cases

were unchanged. Out of the 12 individuals who had cranial nerve palsy

before surgery, 10 (83.3%) experienced marked improvement and 2

(16.7%) maintained a similar condition; no surgical visual impairment

and other cranial nerve injury occurred in this series.
TABLE 3 Statistical analysis of different variables on extent of resection.

Variable Total GTR STR PTR p

No. % No. % No. % No. %

Age (years)

Mean ± SD 51.4 ± 5.8 46 ± 6.7 52 ± 8.2 0.674

Sex 0.810

Female 50 50/94
(53.2%)

31 31/50
(62.0%)

14 14/50
(28.0%)

5 5/50
(10.0%)

Male 44 44/94
(46.8%)

29 29/44
(65.9%)

6 6/44
(13.6%)

9 9/44
(20.5%)

Maximum diameter (mm)

Mean ± SD 44.6 ± 5.6 44.10 ± 5.33 46.30 ± 6.01 44.64 ± 6.22 0.191

Tumor volume

Mean ± SD 25.5 ± 16.6 22.70 ± 15.45 32.73 ± 18.19 26.95 ± 16.00 0.096

Tumor type 0.793

Nonfunctioning adenoma 83 83/94
(88.3%)

51 51/83
(61.4%)

19 19/83
(35.8%)

13 13/83
(15.7%)

GH-secreting adenoma 6 6/94
(6.4%)

4 4/6
(66.7%)

1 1/6
(16.7%)

1 1/6
(16.7%)

PRL-secreting adenoma 3 3/94
(3.2%)

3 3/3
(100%)

0 – 0 –

TSH-secreting adenoma 2 2/94
(2.1%)

2 2/2
(100%)

0 – 0 –

(Continued)
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There were 79 patients with available hormonal information at

the last follow-up control. Of 29 patients with preoperative

hypoadrenalism, 11/29 (37.9%) returned to normal after surgery.

Among 21 patients with hypothyroidism, 9/21 (42.9%) showed

gross recovery. Eight out of 19 (42.1%) patients with preoperative

gonadal dysfunction experienced a notable postoperative

improvement. In those cases of panhypopituitarism, a partial

improvement was found in 4/8 (50%). Hormone replacement

therapy was administered as an alternative for patients with

constant pituitary hormonal deficits. Early endocrinologic

remission was not achieved in any of six somatotroph adenomas

and three prolactinomas. Except for one somatotroph adenoma and
Frontiers in Oncology 06
one prolactinoma without total tumor resection that failed to

achieve biochemical remission and was under adjuvant medical

treatment and/or radiotherapy, all the somatotroph adenomas and

prolactinomas with GTR achieved biochemical remission after an

average of 26 months of adjuvant medical treatment. Surgical

resection of two TSH-secreting adenomas led to GTR and early

biochemical remission without further need for medical therapy.

In total, 43 complications were experienced by 22 patients,

accounting for 23.4%. Out of the 11 patients, postoperative

hypopituitarism emerged as the prevailing condition. Within a span

of 3 months, eight of these people experienced recovery through the

implementation of hormone replacement therapy. Antibiotic
TABLE 3 Continued

Variable Total GTR STR PTR p

No. % No. % No. % No. %

Hardy stages 0.560

C 46 46/94
(48.9%)

28 28/46
(60.9%)

10 10/46
(21.7)

8 8/46
(17.4)

D 34 34/94
(36.2)

25 25/34
(73.5%)

6 6/34
(17.6%)

3 3/34
(8.8%)

E 14 14/94
(14.9%)

7 7/14
(50.0%)

4 4/14
(28.6%)

3 3/14
(21.4%)

Knosp grades 0.085

I 18 18/94
(19.1%)

13 13/18
(72.2%)

3 3/18
(16.7%)

2 2/18
(11.1%)

II 37 37/94
(39.4%)

28 28/37
(75.6%)

5 5/37
(13.5%)

4 4/37
(10.8%)

III 29 29/94
(30.9%)

16 16/29
(55.2%)

9 9/29
(31.0%)

4 4/29
(13.8%)

IV 10 10/94
(10.6%)

3 3/10
(30.0%)

3 3/10
(30.0%)

4 4/10
(40.0%)

Knosp grades group 0.037

I, II 55 55/94
(58.5%)

41 41/55
(74.5%)

8 8/55
(14.5%)

6 6/55
(10.9%)

III, IV 39 39/94
(41.5%)

19 19/39
(48.7%)

12 12/39
(30.8%)

8 8/39
(20.5%)

Previous surgery 0.955

Yes 8 8/94
(8.5%)

5 5/8
(62.5%)

2 2/8
(25%)

1 1/8
(12.5%)

No 86 86/94(91.5%) 55 55/86
(69.4%)

18 18/86(20.9%) 13 13/86
(15.1%)

Surgical approach 0.004

ETS 72 72/94
(76.6%)

49 49/72
(68.1%)

15 15/72
(20.1%)

8 8/72
(11.1%)

TCS 12 12/94
(12.8%)

3 3/12
(25.0%)

3 3/12
(25.0%)

6 6/12
(50.0%)

ETS+TCS 10 10/94
(10.6)

8 8/10
(80%)

2 2/10
(20%)

0 –
front
GH, growth hormone; PRL, prolactin; TSH, thyroid-stimulating hormone; ETS, endoscopic transsphenoidal surgery; TCS, transcranial surgery.
p-values <0.05 were considered statistically significant.
The symbol “-” means no significant figures can be used when under analysing, because the numerator and/or denominator was “0” when a percentage formula was adopted.
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treatment and lumbar drainage were administered to a total of eight

individuals diagnosed with meningitis. Electrolyte disorders occurred

in seven patients, and six were accompanied by diabetic insipidus. All

these disorders disappeared before discharge. Six patients with

preoperative hydrocephalus were not relieved due to postoperative

hemorrhage of the residual tumor; three of these patients had transient

external ventricular drainage, and the remaining patients selected

conservative treatment with close observation. Within a span of 2

weeks, lumbar drainage effectively treated all five patients who

experienced new-onset cerebrospinal fluid (CSF) leakage. No deaths

or mortal complications occurred in this case series (Table 4).

Following a median follow-up period of 39.8 ± 23.4 months

(ranging from 7 to 96 months), MRI showed no tumor recurrence

in the GTR patients. Of the 20/94 (21.3%) cases showing STR, tumor

regrowth was found in 6/20 (30%) patients. However, up to 64.3% (9/

14) of patients in the PTR group experienced residual tumor regrowth

(Table 4). All 15 recurrent tumors, in addition to 2 functional GPAs

that had not achieved remission with residual tumor, were first treated

with radiotherapy. At the last follow-up, four (23.5%) patients

encountered tumor regrowth and subsequently underwent reoperation.
4 Discussion

Nonfunctional macroadenoma adenomas make up over 70% of

all pituitary adenomas (PAs), while GPAs contribute to
Frontiers in Oncology 07
approximately 10% of cases (6, 16, 24). They are generally

symptomatic as a result of adjacent structure compression,

resulting in visual impairment, ocular movement dysfunction,

hypopituitarism, and hydrocephalus (10, 25) . Except

prolactinomas, which can be treated with dopamine agonists,

surgical management is the preferred choice for the majority of

GPAs (26, 27). Maximizing the safe removal of the tumor is the

main objective of surgery, although achieving complete resection

can be difficult and potentially dangerous in cases where the tumor

extends significantly beyond the sella and invades the cavernous

sinus (28, 29).

Because transsphenoidal surgery is more accessible and allows

better exposure than the transcranial route when dealing with

cavernous sinus and infradiaphragmal adenoma components, it

has become the mainstay of GPA management (6, 9, 27). We prefer

the endoscopic to the microsurgical transsphenoidal approach in

the surgical treatment of GPAs due to a wider surgical corridor and

high-quality visualization (28–30). Furthermore, angled endoscopes

enable deeper exploration into the sellar fossa and facilitate

resection of adenoma components that are otherwise inaccessible

when using the microsurgical transsphenoidal approach (14, 31,

32). A regular ETS is rarely used only when the tumor grows with

midline extension and intact diaphragma sellae (6, 9). If the

diaphragma sellae is breached and the tumor is multilobulated or

“snowman” shaped, an extended ETS may be ideal to remove the

portions with mild anterior, posterior, or lateral extension (31, 33).
FIGURE 3

Cavernous sinus invasion limits the GTR of GPA. (A, B) Preoperative coronal (A) and sagittal views (B) showing a nonfunctional GPA with significant
invasion of the sphenoid sinus and left cavernous sinus, encasement of the left internal carotid artery, and compression of the third ventricle with
obstructive hydrocephalus; (C, D) 6 months postoperatively, approximately 5% of tumors remained in the cavernous sinus (white arrow), which was
subtotal resection. (E, F) Coronal (E) and sagittal (F) MR images of a patient with a giant GH adenoma. This tumor is also sphenoid sinus occupying,
cavernous sinus invasion, and ICA surrounding. (G, H) Three months after ETS, demonstrating that approximately 25% of tumors remained (white
arrow), which were partially resected.
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TABLE 4 Clinical outcomes and complications according to the type of surgical approach.

Clinical outcomes All cases ETS (n = 72) TCS (n = 12) ETS+TCS (n = 10) p

No. % No. % No. % No. %

Visual outcome

Improved 71 71/81
(83.1%)

58 58/65
(87.7%)

8 8/10
(80.0%)

5 5/6
(83.3%)

0.379

Unchanged 10 10/81
(12.3%)

7 7/65
(10.8%)

2 2/10
(20.0%)

1 1/6
(16.7%)

0.651

Remission rates

Hyperprolactinemia 18 18/18
(100%)

9 9/10
(90.0%)

5 5/5
(100%)

3 3/3
(100%)

0.127

Elevated GH 10 10/10
(100%)

9 9/10
(90.0%)

0 – 0 – –

Elevated TSH 2 2/2
(100%)

2 2/2
(100%)

0 – 0 – –

Cranial nerve palsy

Improved 10 10/12
(83.3%)

7 7/8
(87.5%)

2 2/3
(66.7%)

1 1/1
(100%)

0.098

Unchanged 2 2/12
(16.7%)

1 1/8
(12.5%)

1 1/3
(33.3%)

0 – 0.513

Complications

Number of patients 22 22/94
(23.4%)

12 12/72
(16.7%)

5 5/12
(41.7%)

5 5/10
(50%)

0.091

Panhypopituitarism 5 5/49
(10.2%)

3 3/33
(9.1%)

1 1/10
(10.0%)

1 1/6
(16.7%)

0.625

Hypoadrenalism 4 4/67
(6.0%)

3 3/51
(5.9%)

0 – 1 1/7
(14.3%)

0.184

Hypogonadism 1 1/54
(1.9%)

1 1/39
(2.6%)

0 – 0 – –

Hypothyroidism 1 1/73
(1.4%)

1 1/54
(1.9%)

0 – 0 – –

Meningitis 8 8/94
(8.5%)

4 4/72
(5.6%)

2 2/12
(16.7%)

2 2/10
(20.0%)

0.171

Electrolyte disorders 7 7/94
(7.4%)

3 3/72
(4.2%)

1 1/12
(8.3%)

2 2/10
(20.0%)

0.087

Diabetic insipidus 6 6/88
(6.8%)

4 4/67
(6.0%)

1 1/12
(8.3%)

1 1/9
(11.1%)

0.828

Hydrocephalus 6 6/94
(6.4%)

5 5/72
(6.9%)

1 1/12
(8.3%)

0 – 0.626

CSF leakage 5 5/94
(5.3%)

4 4/72
(5.6%)

0 – 1 1/10
(10.0%)

0.572

Tumor regrowth

STR group 6 6/20
(30%)

5 5/15
(33.3%)

1 1/3
(33.3%)

0 – 0.287

PTR group 9 9/14
(64.3%)

4 4/8
(50.0%)

5 5/6(83.3%) 0 – 0.002
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GH, growth hormone; TSH, thyroid-stimulating hormone; ETS, endoscopic transsphenoidal surgery; TCS, transcranial surgery; CSF, cerebrospinal fluid; STR, subtotal resection; PTR, partial resection.
p-values <0.05 were considered statistically significant.
The symbol “-” means no significant figures can be used when under analysing, because the numerator and/or denominator was “0” when a percentage formula was adopted.
sin.org

https://doi.org/10.3389/fonc.2023.1255768
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Ke et al. 10.3389/fonc.2023.1255768
In our series, 72/94 (76.6%) patients were treated by a single ETS,

and we achieved a high GTR rate of 68.1% and a low complication

rate of 16.7%. All these outcomes were on par with those of other

authors and were proven to be much better for effectively managing

these GAPs than TCS (31, 34, 35). However, single ETS for radical

resection of the supra or parasellar compartment of GPAs with

extreme paramidline, intraventricular, and skull base extension is

difficult, which explained why 23/72 (32%) GPAs in the single-ETS

group were incompletely resected. Furthermore, a recent study of

single ETS on 64 GPAs reported that up to 43/64 (67%) patients had

intracranial remnants, and 17/43 (32%) of these tumors underwent

TCS or delayed second ETS (5).

While not commonly used as the main surgical procedure for

GPAs, TCS continues to be a favorable choice for relieving pressure

on the optic pathways and conveniently reaching the tumor

components through either extreme paramedian or frontal

extension (11, 12, 36). We chose primary TCS for patients with

normal-sized sella turcica and breached diaphragma sellae with

predominantly suprasellar extension and multilobulated

appearance (6, 17), which indicated that major tumor resection

contraindicated the transsphenoidal corridor. Any approach,

including transcortical, transcallosal, frontotemporal, and

orbitozygomatic approaches, that enables resection along the long

axis of the tumor may be preferred (6, 36). In our series, 12/94

(12.8%) patients were treated with a single TCS. Except for the

limitation of intrasellar tumor resection, most intracranial

compartments with different Hardy grades could be totally

resected via any of the transcranial approach. However, in line

with prior research, the current series shows that TCS is linked to a

reduced rate of GTR (25.0%) and an increased rate of postoperative

complications (41.7%) than ETS and combined surgery because of

persistent optic nerve traction and difficulty in manipulating the

supplying vasculature underlying the tumor (14, 25, 37).

If there is GPA that presents with both infra- to intrasellar and

suprasellar extension, especially with an anterior communication

artery complex, optic chiasma encasement, and lateral extension

beyond the circle of Willis, causing severe cranial hypertension,

there should be access above and below the tumor to allow resection

(34, 38, 39). Combined ETS and TCS can provide unrestricted

dissection and direct protection of neurovascular structures through

the transcranial space, and adequate hemostasis can be achieved by

blocking the supplying vasculature at the early stage from the ETS

corridor (16–18). Our research found that the rate of GTR using the

combined approach was 80%, which surpassed the rates achieved by

any of the individual methods. The postoperative complication rate

(20%) was similar to that in the single ETS group. Therefore,

combined surgery is likely to be a preferred strategy for these

complex GPAs (16, 39). Some authors have suggested two-stage

surgery for these patients. They generally performed ETS surgery

first, followed by TCS 3 months later (6, 17, 29). However, in

contrast to the simultaneously combined ETS and TCS approach,

two-stage surgery poses a high risk (5%–12.9% in the literature) of

postoperative hemorrhage and subsequent mass effect and/or

neurological deterioration because of insufficient transsphenoidal

tumor resection (14, 25, 34). Therefore, we are more likely to adopt
Frontiers in Oncology 09
a simultaneously combined ETS and TCS approach for GPAs that

could not be gross totally resected through a single approach.
5 Conclusions

Managing GPAs surgically continues to be a difficult task. For

most GPAs, utilizing an expanded ETS can be a secure and effective

choice as the primary option. If the adenoma components are

initially inaccessible through ETS, simultaneous TCS can be utilized

to accomplish complete or near-total removal of the tumor while

minimizing the chances of complications and recurrence. Long-

term control of inoperable tumor remnants necessitated the use of

adjuvant radiation and/or medical treatment. Therefore, GPAs

often require a multimodality treatment strategy with a flexible

combination of individually tailored approaches.
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