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Endoscopic Endonasal Approach to Giant Pituitary Adenomas: Surgical Outcomes and

Review of the Literature
Tural Rahimli1, Tural Hidayetov1, Zerife Yusifli3, Hidayet Memmedzade2, Tural Rajabov1, Kamran Aghayev4
-OBJECTIVE: To present the outcomes of endoscopic
endonasal surgery for giant pituitary adenomas and discuss
the extent of resection to minimize morbidity and mortality.

-METHODS: We retrospectively reviewed medical records
of 44 patients with giant pituitary adenomas who underwent
endoscopic endonasal surgery. Clinical presentation, labo-
ratory results, imaging studies, clinical outcomes, extent of
resection, and complications were collected and analyzed.
Factors affecting long-term outcome according to surgical
technique were identified and analyzed.

-RESULTS: Radical resection (RR) was defined as either
gross total resection or near-total resection (90%e100% of
the tumor). There were 28 patients (63.6%) who underwent
RR, 10 patients (22.7%) who underwent subtotal resection,
and 6 patients (13.6%) who underwent partial resection.
Visual improvement was achieved in 27 patients (81.8%).
Thirteen patients (72.2%) with pituitary dysfunction had
improvement in at least 1 preoperative endocrinological
dysfunction. RR rates for dumbbell and multilobular tumors
were 44.4% and 28.6%, respectively. Surgical complica-
tions were observed in 14 (31.8%) patients. Major vascular
injury occurred in 3 patients (6.8%). Mean follow-up period
was 38.5 months (range, 1e70 months). No patients with RR
had recurrence or residual tumor progression. Ten patients
(22.7%) received adjuvant radiation therapy after resection.
Two patients were reoperated on for tumor regrowth, and 3
patients (including the 2 patients with tumor regrowth)
were lost to follow-up.
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-CONCLUSIONS: Long-term follow-up results and low
recurrence rate of tumors indicate that RR is effective to
decrease morbidity and mortality.
INTRODUCTION
iant pituitary adenomas are defined as >4 cm in
maximum diameter and account for 5%e14% of surgical
Gadenomas.1-5 Patients with these adenomas most

commonly present with long-standing visual disturbances, head-
ache, endocrine dysfunctions, and cranial nerve palsies.6,7 Their
size, invasiveness, and irregular extensions make surgical
resection extremely challenging. Therefore, radical resection
(RR) of giant adenomas is difficult to accomplish and is
associated with higher complication rates than with nongiant
tumors.1-3,5 Subsequently, multimodality adjunctive therapies are
often used for obtaining long-term control of tumor growth.1,3,5

Before the endoscopic era, surgery for the vast majority of these
tumors was by open transcranial and microscopic transsphenoidal
approaches. Both of these approaches have been shown to be
significantly inferior to the endoscopic approach in terms of gross
total resection (GTR) rate, visual improvement, and overall mor-
tality.8-10 Advances in surgical equipment and improved visuali-
zation combined with extensive knowledge gained from
anatomical research led to the natural evolution of endoscopic
endonasal surgery (EES) for an expanded approach. Naturally,
surgeons started to tackle large and invasive adenomas, once
considered unresectable. The number of endoscopically treated
giant pituitary adenomas has surpassed the number of
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Table 1. Patients’ Demographic, Radiological, Clinical, and Outcome Data

Case
Age

(years)/Sex Type Shape Extension Max D Knosp* VDy Apy HPy RD
FU (months),
Outcome

Vascular
Injury DIy CSF Leaky CN Palsyy RTy

1 60/F NF Round SS, L CS 45 4 Unk Partial 73 þ
2 38/M P Multi L CS 46 4 þ/þ Radical 40 þ/þ þ
3 24/F S Round L CS 40 4 Unk Radical 71 ICA, controlled þ þ þ
4 52/M NF Round SS 45 3A þ/þ þ þ/þ Radical 68

5 54/M S Multi FL, 3rd, R CS 52 4 þ/þ Partial 67, heart failure 6 months later þ
6 55/M NF Multi SS, bilateral CS 45 4 Unk Partial 24, death, unrelated þ/� þ
7 56/M NF Round SS 43 3A þ/þ þ/þ Radical 60

8 56/M NF Round T, L CS 42 3A þ/þ þ þ/� Radical 62 þ þ/þ
9 57/F NF Round Unk 40 2 Unk Radical 60

10 50/M NF Round Unk 40 2 þ/þ þ þ/þ Radical 54

11 57/M NF Multi FL, 3rd, a 62 3 Unk þ þ/� Subtotal 1, meningitis, death þ þ
12 60/M NF Dumb Unk 45 2 þ/þ þ/þ Subtotal 49

13 52/F NF Round R CS 42 3A þ/� Radical 46

14 58/M NF Multi T, 3rd, a 55 3A þ/� þ/þ Partial 42

15 56/F NF Multi FL, T, SS 62 4 þ/þ þ/þ Radical 42 þ
16 31/M NF Round Unk 40 2 þ/� Radical 40

17 30/M P Multi RC, CS, PF, a 42 4 þ/þ Subtotal 40 þ/þ þ
18 55/M NF Dumb FL 50 3A þ/� þ þ/� Subtotal 39 þ/þ
19 59/M NF Round L CS, a 40 3A þ/þ þ þ/þ Radical 32

20 40/M P Multi L CS, a 42 4 þ/þ Subtotal 30 þ
21 49/F P Dumb L CS, a 40 3A þ/þ Radical 29 ICA, controlled

22 44/M S Round R CS, a 40 4 þ/þ Radical 29 þ
23 33/M S Round None 40 2 Unk Radical 28

24 37/F P Round None 40 2 Unk Radical 27

25 42/M P Dumb 3rd, R CS, a 65 3 þ/þ þ þ/þ Subtotal 27 þ þ/þ þ
26 56/F NF Dumb 3rd, a 52 3A þ/þ þ/þ Radical 27 þ/þ
27 39/M P Round R CS, a 40 3A þ/þ Radical 27
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28 64/M NF Round R CS, a 50 3A þ/þ Radical 20

29 53/M S Round R CS, a 43 3 þ/þ Radical 20

30 40/F NF Round Unk 45 2 þ/þ þ Radical 16

31 55/M P Round R CS, a 50 3A þ/þ þ/þ Radical 16

32 54/F NF Multi 3rd, CS, a 65 4 Unk þ/� Partial 0 PCA, IO death

33 58/M P Dumb 3rd 54 3B þ/� þ þ/þ Partial 8

34 13/M P Multi R CS, a 42 4 Unk Radical 7

35 56/M NF Dumb 3rd 58 2 þ/� þ þ/� Subtotal 7

36 51/M P Round L CS, a 46 3A Unk Radical 6

37 27/M S Multi RC, R CS, PF, a 62 4 þ/þ Subtotal 5 þ þ/� þ
38 35/M NF Multi T 56 4 þ/þ þ Radical 4

39 31/F S Dumb R CS 42 4 þ/þ Radical 5

40 50/F S Dumb L CS, a 42 3A þ/þ Radical 20

41 36/M NF Round L CS, a 40 3A þ/þ þ þ/þ Radical 1

42 24/M NF Multi T, SS, R CS, 49 4 Unk Subtotal 2 þ
43 56/M NF Round 3rd, SS 47 3A þ/þ Radical 2

44 63/F S Multi T, R CS 46 4 þ/þ Subtotal 2 þ
Max D, maximal dimension; VD, visual disturbance; Ap, apoplexy; HP, hypopituitarism; RD, resection degree; FU, follow-up; DI, diabetes insipidus; CSF, cerebrospinal fluid; CN, cranial nerve; RT, radiation treatment; F, female; NF, nonfunctioning;

SS, sphenoid sinus; L, left; Unk, unknown; CS, cavernous sinus; M, male; P, prolactinoma; Multi, multilobular; S, somatotropinoma; ICA, internal carotid artery; FL, frontal lobe; 3rd, third ventricle; R, right; T, temporal lobe; Dumb, dumbbell;
RC, retroclival; PF, posterior fossa; IO, intraoperative.

*Degree of cavernous sinus invasion by Knosp criteria.
yþ, present; þ/þ, present preoperatively/improved postoperatively; þ/�, present preoperatively/unchanged postoperatively.
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Figure 1. (AeD) Example of a round-shaped adenoma.
Preoperative postcontrast T1-weighted sagittal (A) and
coronal (C) images. Although the internal carotid
arteries have been displaced, the tumor has not
completely encased them (Knosp grade 2).

Postoperative postcontrast T1-weighted sagittal (B)
and coronal (D) images. The tumor has been totally
removed, and the stalk (white arrows) and pituitary
gland (yellow arrow) are now visible.
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microscopic procedures in the last decade.3,11-17 In this article, we
present surgical results of giant pituitary adenomas treated with
EES. The main purpose of this article is to define current limits of
EES for these complex tumors and outline pearls and pitfalls
associated with these highly complicated procedures.
MATERIALS AND METHODS

Patients’demographic data, clinical presentation,magnetic resonance
imaging (MRI) features, and outcomes are presented in Table 1.

Demographic Data
This study was approved by the ethics review committee of Baku
Medical Plaza Hospital Systems. All patients were operated on by
the senior author (T.R.) from June 2014 to June 2020. Electronic
medical records of the patients who had undergone EES have been
e1046 www.SCIENCEDIRECT.com WORLD NE
retrospectively reviewed. Of 315 patients, 44 (13.9%) had adenomas
>40 mm in maximum diameter and met criteria for giant pituitary
adenoma. Mean patients’ age was 46.9 years (range, 13e64 years).
Patients were predominantly male (31 males vs. 13 females) in this
series. All patients provided written consent regarding use of their
medical records for publication.

Tumor Characteristics
Although shape of each tumor is unique, these adenomas may be
categorized into 3 distinct types: round (21 patients, 47.7%)
(Figure 1), dumbbell (9 patients, 20.5%) (Figure 2), and
multilobular (14 patients, 31.8%) (Figure 3). There were 39
tumors (88.6%) that extended to the suprasellar region.
Cavernous sinus invasion was evaluated according to Knosp
criteria18 and was present in 36 cases (81.8%) (Figure 4); in 16
cases (37%) (Figures 5 and 6), there was complete encasement
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.01.019
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Figure 2. (AeF) Example of a dumbbell-shaped
adenoma. Preoperative T2-weighted sagittal (A) and
coronal (B) images. The tumor has expanded to the
frontal lobe and anterior part of the third ventricle. Early
postoperative postcontrast T1-weighted sagittal (C) and
coronal (D) images. The residual tumor is visible in the
superior (white arrow) and inferior (yellow arrow)
compartments. Late postoperative postcontrast

T1-weighted sagittal (E) and coronal (F) images. The
superior residual tumor (white arrow) has been placed
down toward the inferior (yellow arrow) compartment,
and fronto-orbital cortical compression has been
relieved. The residual tumor had “folded” and did not
enlarge volumetrically during the follow-up period. No
radiation therapy was given in this case.
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of cavernous internal carotid artery (Knosp grade 4) (Figure 7). In
4 cases (9.1%), tumor extended to the frontal lobe; in 6 cases
(13.6%), tumor extended to the temporal lobe (Figure 8), in 2
cases (4.6%), retroclival extension was present; and in 10 cases
(22.7%), the adenoma extended to the third ventricle.

Surgical Management and Adjuvant Therapies
All patients underwent expanded EES. The primary surgical goal
was decompression of the optic pathways, and the secondary goal
was maximum safe tumor resection. To achieve the most radical
tumor resection, we combined transsellar, transtuberculum, trans-
planum, transcavernous, and transclival approaches simulta-
neously. We used a vascularized nasoseptal flap routinely in every
WORLD NEUROSURGERY 149: e1043-e1055, MAY 2021
case to prevent cerebrospinal fluid (CSF) leak after surgery. The
degree of tumor resection was classified according to Juraschka
et al.8 as GTR (100%), near-total resection (90%e100%), subtotal
resection (70%e90%), and partial resection (<70%). RR was
defined as either GTR or near-total resection (90%e100% of the
tumor).
Ten patients (22.7%) received adjuvant radiation therapy (RT) after

resection. Of the 10 patients who received RT, 3 had nonfunctioning
atypical adenoma confirmed by histopathological report, 3 had pro-
lactinoma with atypical characteristics, and 4 had growth hormonee
secreting adenoma. Eleven patients with functional pituitary ade-
nomas (7 prolactinomas and 4 somatotropinoma) continued to
receive medical treatment after the surgery owing to residual tumor.
www.journals.elsevier.com/world-neurosurgery e1047
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Figure 3. (AeD) Example of a multilobular adenoma.
Preoperative postcontrast T1-weighted coronal (A and
C) images. The right internal carotid artery has been
completely encased (white arrow). This is an example

of Knosp grade 4 invasion. Postoperative postcontrast
T1-weighted coronal (B and D) images. The stalk
(yellow arrow) is visible.
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All patients underwent visual and hormonal tests preoperatively
and postoperatively. Additionally, patients with prolactinoma were
treated with bromocriptine 15 mg/day or cabergoline 3 mg/week
for 6 months. Surgical intervention was decided when the results
of medical treatment were unsatisfactory.

Evaluation of Surgical Results
Clinical outcome after EES was assessed by endocrinological
evaluation, radiological imaging, and assessment of visual acuity.
The degree of tumor resection was evaluated on postoperative
MRI, which was performed in all patients within 1 month after
surgery and used as a baseline. The degree of tumor progression
was evaluated with 3- and 6-month follow-up serial MRI in all but
2 patients, who were lost to follow-up.
e1048 www.SCIENCEDIRECT.com WORLD NE
Statistical Analysis
Patient demographics, clinical presentation, tumor characteristics,
surgical approaches, and outcomes were reported by descriptive
statistics. RR rates for each tumor type were compared using
Fisher exact test. A P value <0.05 was considered statistically
significant. P values hold statistical significance even after Bon-
ferroni correction. Data were stored and analyzed using Microsoft
Excel 2010 (Microsoft Corporation, Redmond, Washington, USA).

RESULTS

Clinical Presentations and Outcomes
Visual impairment defined as field restriction on perimetric ex-
amination or decreased visual acuity was the most common
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.01.019
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Figure 4. Endoscopic view of the giant pituitary adenoma after radical
resection. White arrows, medial wall of the cavernous sinus; white star,
Cavernous sinus after resection of the tumor.

Figure 6. Endoscopic view of the right cavernous sinus after resection of
tumor. Yellow arrow, right internal carotid artery; white arrow, superior
pituitary ligament; white star, cavernous sinus after tumor resection.
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clinical symptom and was present in 33 patients (75%). Visual
improvement was achieved in 27 of 33 patients (81.8%). Addi-
tionally, none of the patients reported worsened vision after the
surgery. Partial or complete pituitary insufficiency was diagnosed
in 18 patients (40.9%). Headache was one of the most frequent
clinical symptoms (14 patients, 31.8%). Twelve (27.2%) patients
had pituitary apoplexy, 9 (20.5%) had cranial nerve palsies, 5
(11.4%) had altered mental status (defined as Glasgow Coma
Score �14), and 2 (4.6%) had hydrocephalus at the time of hos-
pitalization. Cranial nerve palsy persisted after surgery in 3 pa-
tients (33.3%) and improved in 6 patients (66.6%) (Table 2).
From an endocrinological standpoint, nonfunctioning pituitary

adenoma was the most frequent type (24 patients, 54.5%), fol-
lowed by prolactinoma (11 patients, 25%) and somatotropinoma
(9 patients, 20.5%). Among 20 patients with functional giant
Figure 5. Endoscopic view of the expanded endonasal approach to the
giant pituitary adenoma with right cavernous sinus invasion. White
arrow, cavernous sinus cavity after tumor removal; yellow arrow, right
internal carotid artery; white star, tumor cavity.

WORLD NEUROSURGERY 149: e1043-e1055, MAY 2021
pituitary adenomas, 13 were receiving medical treatment (4 pa-
tients with growth hormoneesecreting adenoma and 9 patients
with prolactinoma) but had shown resistance to pharmaceutical
agents, and 2 patients in this group presented with apoplexy and
acute neurological symptoms. Of 18 patients with pituitary
dysfunction, 13 (72.2%) had improvement in at least 1 preoperative
endocrinological dysfunction. Postoperative hormonal, radiolog-
ical, and visual investigations have been followed at 3 months, 6
months, and 1 year accordingly.

Degree of Tumor Resection
A total of 28 patients (63.6%) underwent RR, 10 patients (22.7%)
underwent subtotal resection, and 6 patients (13.6%) underwent
partial resection. Subgroup analysis revealed that RR was achieved
in 95.2% of round-shaped adenomas (Table 3). The RR rates for
dumbbell and multilobular tumors were 44.4% and 28.6%,
respectively, and the differences reached statistical significance
(Figure 9).

Complications and Management
Two patients (4.5%) died, and surgical complications were
observed in 14 patients (31.8%). The most common surgical
complication was postoperative CSF leak, which occurred in 5
patients (11.4%). These patients were managed by 48-hour
immobilization and acetazolamide 1000-mg daily doses. Post-
operative diabetes insipidus was observed in 20 patients (45.5%),
which became permanent in 4 (9.1%) cases. Major vascular injury
occurred in 3 patients (6.8%). Two cases of vascular injury
included damage to carotid artery during nasal stage. Paraclival
carotid artery was avulsed as a result of pulling sphenoid sinus
mucosa. However, bleeding was controlled with muscle packing,
and tumor resection was completed successfully. These two pa-
tients did well after surgery, and there were no additional com-
plications. One patient (2.3%) with an irregularly shaped,
apoplectic giant pituitary adenoma with frontal, retroclival, and
ventricular extensions died of intraoperative hemorrhage due to
www.journals.elsevier.com/world-neurosurgery e1049
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Figure 7. (AeD) Example of an invasive adenoma.
Preoperative postcontrast T1-weighted axial (A) and
coronal (C) images. The right internal carotid artery
(white arrow) has been completely encircled, and the

tumor has advanced toward the temporal lobe (yellow
arrows). This is an example of Knosp grade 4 invasion.
Postoperative, postcontrast T1-weighted coronal
(B and D) images.
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uncontrollable bleeding caused by damage to the P1 segment of
the posterior cerebral artery. In 1 case, the postoperative course
was complicated by Klebsiella pneumoniae meningitis that advanced
to ventriculitis. The patient died 2 weeks after surgery.

Recurrences and Follow-Up
Mean follow-up period was 38.5 months (range, 1e70 months). No
patients with RR (Figure 1) had recurrence or residual tumor
progression. Cure was achieved in 28 patients (63.6%). Of the
remaining 16 patients, 12 (27.3%) showed stable residual tumor
without progression (Figure 2), and 4 patients (9.1%) showed
residual tumor progression. Residual tumor growth was managed
with a combination of repeat EES with RT with no further
recurrence in 2 cases. The other 2 patients opted out of our
medical services and were lost to follow-up. Three patients
(including 2 with tumor regrowth) were lost to follow-up. A total of
e1050 www.SCIENCEDIRECT.com WORLD NE
44 patients underwent 46 surgeries, and 10 patients received RT. All
patients with RR remained tumor-free during follow-up, including 3
who underwent RT owing to the atypical nature of the adenoma.
DISCUSSION

EES is themainstay treatment for giant pituitary adenomas.However,
achieving long-term tumor control by surgery alone is very chal-
lenging. EES allows panoramic visualization and wider access to the
skull base compared with microscopic transsphenoidal and trans-
cranial approaches.3,15,16,19 During the last decades, this field has
significantly advanced owing to technological innovations.20 Clear
visualization provided by improved camera technology combined
with the development of low-profile instruments, well-cut micro-
drills, Cavitron ultrasonic surgical aspirator (CUSA; Integra life-
sciences Corporation, Plainsboro Township, New Jersey, USA), and
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.01.019
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Figure 8. Example of a giant adenoma with
predominantly superior extension. Preoperative
postcontrast T1-weighted coronal (A) and sagittal (C)
images. The tumor has grown toward the third
ventricle (white arrow), thalamus (yellow arrows), and

left temporal lobe (red arrows). Postoperative
postcontrast T1-weighted coronal (B) and sagittal (D)
images demonstrating decompression of neural
structures.
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computer-assisted surgical navigation have greatly improved surgical
outcomes.21 As surgeons gained experience, they advanced into
uncharted territory, such as giant skull base tumors, which were
once considered inoperable. Irregularly shaped adenomas with
significant anterior, posterior, and lateral extensions have been
approached with tailored extended endonasal procedures.2,5,21

The main surgical goals are visual improvement or protection
from further deterioration, reversal of endocrinological manifesta-
tions, and cytoreduction provided by maximal safe resection.3

Although the rate of postoperative visual improvement varies
among published series, the average rate is approximately
80%.1,3,5 Similarly, in our series, visual improvement was
observed in 81.8% of patients with preoperative visual compromise.
Hypopituitarism recovery after surgery for giant pituitary

adenomas has not been studied in detail. Macroadenomas have
WORLD NEUROSURGERY 149: e1043-e1055, MAY 2021
35%e50%postoperative hormonal improvement, yet this rate cannot
be applied to giant pituitary adenomas, in which hypopituitarism is
usually long-standing and less likely to normalize after surgery.3 de
Paiva Neto et al.1 reported that 22.5% of giant pituitary adenomas
with preoperative hypopituitarism showed improvement of at least
1 pituitary function. Koutourousiou et al.3 demonstrated that only 1
patient (3.6%) with hypopituitarism recovered after EES, and in 22
patients (78.6%) the pituitary functions remained unchanged.
Contrary to these reports, in our series, 62.5% of the patients had
some improvement in pituitary functions. However, in the majority
of these cases, pituitary recovery was partial requiring continuation
of hormonal replacement therapy postoperatively. Postoperative
new hormonal deficiency is also a common surgical complication
and can be as high as 15%.1 These new deficiencies are classified
into 2 categories—novel anterior pituitary hormonal deficiency and
www.journals.elsevier.com/world-neurosurgery e1051
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Table 2. Summary of Clinical Outcomes of Patients

Clinical Outcome
Number

of Patients Improved Unchanged Worsened

Visual impairment 33 27 (81.8%) 6 (18.2%) 0 (0%)

Pituitary insufficiency 18 13 (72.2%) 5 (27.7%) 0 (0%)

CN palsy 9 6 (66.6%) 3 (33.3%) 0 (0%)

Altered mental status 5 4 (80.0%) 0 (0%) 1 (20.0%)

CN, cranial nerve.

ORIGINAL ARTICLE

TURAL RAHIMLI ET AL. EES OUTCOMES OF GIANT PITUITARY ADENOMAS
diabetes insipidus. In our series, there were no surgically induced
anterior pituitary deficiencies. Permanent diabetes insipidus was
observed in 4 cases (9%), which is in agreement with 10% reported
in the literature.1,3

Extensions of pituitary adenoma present significant challenges
for surgical removal. Each extension is anatomically unique and
should be discussed separately. Generally speaking, midline
extensions do not pose significant technical challenges. Lateral
extensions, however, greatly impede surgical access and resection.
Anterior fossa extension is considered a major limitation of

EES. Therefore, a combined endonasal/transcranial approach
(either in 1 or 2 separate sessions) was proposed for radical tumor
resection.3 Interestingly, in our series, subfrontal extension was
not a limitation, and the tumor could be removed in all cases by
adding transtuberculum and transplanum approaches to
standard opening (Figures 10 and 11).
Tumor extension into the third ventricle is a significant chal-

lenge for microscopic transsphenoidal and open transcranial ap-
proaches3,22,23 because this portion of the adenoma is out of main
surgical line of attack. However, with the close-up, panoramic
view provided by the endoscope, this is not case for EES as long as
extension is confined to midline.3 Tumor extension to the
posterior fossa could be an indication for an open approach.3,24

As is the case with third ventricle extension, midline protrusion
to the posterior fossa can be easily removed via a transclival
Table 3. Degree of Tumor Resection by Shape and Extension

Degree
of Tumor
Resection

Number of
Patients

Radical
Resection

Subtotal
Resection

Partial
Resection

Tumor Shape

Rounded 21 20 (95.2%) 0 (0.0%) 1 (4.8%)

Dumbbell 9 4 (44.4%) 4 (44.4%) 1 (11.1%)

Multilobular 14 4 (28.6%) 6 (42.9) 4 (28.6%)

Tumor Extension

Intraventricular 10 3 (30%) 3 (30%) 4 (40%)

Anterior fossa 4 1 (25%) 2 (50%) 1 (25%)

Middle fossa 22 12 (54.5%) 6 (27.3%) 4 (18.2%)

Posterior fossa 2 0 (0.0%) 2 (50%) 0 (0.0%)

e1052 www.SCIENCEDIRECT.com WORLD NE
approach.3 However, lateral extension to the posterior fossa may
limit RR of the tumor.
Giant pituitary adenoma surgery is associated with a high

complication rate. Postoperative CSF leakage is the most frequent
complication. However, after routine adoption of a vascularized
nasoseptal flap for skull base reconstruction, the CSF leakage rate
was reduced to 7.4%.3,25,26 In our series, a nasoseptal flap was
routinely used in every case, and all CSF leakages were transient.
The main disastrous complication of the endoscopic endonasal

approach is major vascular damage. The most common site of the
damage is the paraclival segment of the internal carotid artery,27

which occurred twice in our series. Internal carotid artery
avulsion was a result of sellar mucosa pulling, which was
adherent to the artery owing to sellar bone defect; the bleeding
was managed by packing. We now strongly recommend against
this maneuver, especially in cases of large tumor destroying
sellar bone floor. Major arterial injury, however, can occur at
any stage of resection and can lead to dramatic results. This was
a case for 1 patient in our series when adenoma was adherent to
posterior cerebral artery resulting in intraoperative laceration
and death.
Table 4 summarizes our literature review of surgical outcomes

regarding giant pituitary adenomas. It is generally accepted that
complete removal is unlikely for giant pituitary adenomas.1,3,5

Mortini et al.5 reported 14.7% GTR rate with microscopic
transsphenoidal surgery. Other authors reported GTR rates
ranging from 29.6% to 41%.1,3 Koutourousiou et al.3 reported
GTR rates of 20.4%, considering the GTR only when there is
the absence of any evidence of residual tumor on postoperative
MRI and resolution of hormonal hypersecretion in cases of
functional pituitary adenomas. However, we think that
classification into radical (>90%), subtotal (70%e90%), and
partial (<70%) resection is more practical. There are scarce data
regarding long-term residual tumor progression following EES.
Intuitively, one would suggest that the degree of resection is the
main factor affecting the rate of recurrence. One of the largest
longitudinal studies revealed a 58.4% regrowth rate for incom-
pletely resected adenomas over a period of 5.3 � 4.0 years.28

Interestingly, regrowth tends to occur during initial years, and
the rate drops significantly after 5e10 years. Residual tumor
growth arrest might be due to several factors. Disruption of the
hypothalamic-hypophyseal portal system with subsequent cessa-
tion of influx of hormones may halt tumor cell proliferation. Also,
debulking interferes with tumor microenvironment. It is known
that paracrine/autocrine hormones as well as cytokines respon-
sible for neovascularization are constantly released by tumor cells
and are essential for tumor survival.29-33 It is possible that cytor-
eduction may deprive residual tumor pockets from autostimula-
tory hormones. Disruption of the blood supply may also
contribute to the tumor growth arrest, as was shown in cases of
spontaneous regression following apoplexy.34 Early on, both
anterior pituitary and microadenoma receive abundant blood
flow from superior hypophyseal arteries. As the adenoma
enlarges, it recruits additional vessels to sustain its growth and
survival.35 However, evidence suggests that the tumor’s vascular
network density and blood flow are much less than in normal
pituitary.36 There is also evidence that the blood flow might not
be evenly distributed in pituitary adenoma and low-perfusion
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.01.019
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Figure 9. Chart demonstrating the relationship between
the extent of resection and the shape of the adenoma.
The round-shaped adenoma had the highest rate of
radical resection, and the difference from other types

was statistically significant. Although the
dumbbell-shaped tumor had a higher rate of radical
resection than the multilobular tumor, the difference
was not statistically significant.
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areas undergo spontaneous cystic degeneration.37 Together these
facts indicate that the adenoma might be on the brink of
vascular insufficiency. Therefore, abrupt decrease in blood
induced by surgery might force residual tumor toward dormancy
or regression. Also, leaving tumors in areas with low potential
for neovascularization (such as bone pockets) may significantly
limit the ability of residual tumor to progress.
Figure 10. Endoscopic view of the transplanum transtuberculum
approach to a giant pituitary adenoma. White arrows, anterior cerebral
arteries; white star, tumor cavity. TC, tumor capsule.

WORLD NEUROSURGERY 149: e1043-e1055, MAY 2021
RT, as an adjuvant treatment for residual or recurrent adenoma,
has been shown to be effective.38-40 However, side effects of RT,
such as neural tissue damage with neurocognitive deficits and
ability to induce new neoplasms, are main limitations. Given the
fact that these patients have near-normal life expectancy, the
Figure 11. Endoscopic view of the transplanum transtuberculum
approach. White arrows, anterior cerebral arteries; white star, tumor. FL,
frontal lobe.
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Table 4. Literature Review of Giant Pituitary Adenoma Surgical Outcomes

Study
Number of
Patients

Size
(cm) Approach

Radical Resection
(GTR D NTR)

Visual
Improvement

CSF
Leak

Permanent
DI

Perioperative
Mortality

Mortini et al., 20075 95 >4 Transcranial, microscopic
transsphenoidal

14 (14.7%) 59 (74.7%) 1.2% 7 (8.2%) 2 (2.3%)

de Paiva Neto et al., 20101 51 >4 Transcranial, endoscopic
assisted

21 (41.1%) 31 (81.5%) 1.9% 5 (10.4%) 0 (0%)

Koutourousiou et al., 20133 54 >4 EES 36 (66.7%) 36 (80%) 16.7% 5 (9.6%) 0 (0%)

Juraschka et al., 20148 73 >3 EES 27 (41%) 53 (73%) 9.6% 3 (4.1%) 0 (0%)

Chabot et al., 20156 39 >3 EES 33 (84.6%) 38 (97%) 10.3% 3 (7.7%) 0 (0%)

Current study, 2021 44 >4 EES 28 (63.6%) 27 (81.8%) 11.4% 4 (9.1%) 1 (2.3%)

GTR, gross total resection; NTR, near-total resection; CSF, cerebrospinal fluid; DI, diabetes insipidus; EES, endoscopic endonasal surgery.
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cumulative side effects of RT are nonnegligible. Most authors do
not recommend prophylactic irradiation for totally resected ade-
noma.28,41 However, there are currently no clear guidelines
regarding indications for postoperative RT in patients with
residual tumors.41 In our opinion, risks and benefits of
irradiating the residual tumor should be weighed on individual
level. One strategy might be close observation of residual tumor
progression and administration of RT in case of regrowth.

CONCLUSIONS

EES is the first-line surgical treatment for giant pituitary ade-
nomas. Advantages of this approach are its efficacy, long-term
follow-up results, and low complication rates. However, there
are multiple factors that have a negative impact on the surgery and
outcomes. These factors include irregular tumor shape and
e1054 www.SCIENCEDIRECT.com WORLD NE
cavernous sinus invasion, especially extensions to the temporal
lobe and posterior fossa. Our long-term follow-up results and low
recurrence rate of tumors show that RR is effective to decrease
morbidity and mortality and maintain patients’ quality of life.
Thus, in most cases, there is no need to push surgical boundaries.
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