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                                                    SYNOPSIS 

 

Giant pituitary adenomas are technically challenging lesions that invade multiple 

vital parasellar and suprasellar structures. There is paucity of large series in world 

literature as well in the Indian context with regards to surgical experience in this 

critical anatomical zone particularly with endonasal endoscopic approach. 

Objective of this study was to assess the surgical and clinical outcome of using 

multiple endoscopic endonasal corridors for the resection of giant pituitary 

adenomas (GPA) and study various factors that limit tumor resection. 

A retrospective study of all GPA (defined as minimum diameter > 3 cm and tumor 

volume > 10 cm3),operated via the endoscopic endonasal approach between 

January 2015 and December 2020 was performed. The volumetric extent of 

resection (3D volumetric analysis software) was correlated with various 

demographic, tumor related, pathological, immunohistochemical factors and its 

impact on clinical outcome was studied. The study included 106 cases of GPA, out 

of which, volumetric analysis was performed in 85 patients. The mean extent of 

resection volume was 79.18  21.75 cm3 . Statistically significant tumor related 

factors affecting the extent of resection were found to be pre-operative tumor 

volume (p=0.011) and knosp grade (p=0.022).The percentage increase in the 

extent of resection with use of 2 endonasal corridors was 10.6% and with 3 

corridors was 14%.Visual improvement was seen in 82% cases and new onset 

hormonal insufficiency was seen in 2.9% cases. Mortality directly related to 

surgery was seen in 1.8% cases. We conclude that extended endoscopic endonasal 

approaches can safely and effectively be used for the gross total resection of giant 

pituitary adenoma. However, we found that preoperative tumor volume and Knosp 

grade 3 were significant factors affecting the extent of resection. The utilization of 

multiple endoscopic endonasal corridors can increase the volumetric extent of 

tumor resection in giant pituitary adenomas. 
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                                              INTRODUCTION 

 

Giant pituitary adenomas (GPA) are known to be a challenging group of tumors 

that constitute about 5% of pituitary neoplasms.1 Large size,  aggressive behaviour, 

multicompartmental extension, high prevalence of neuroophthalmological deficits, 

poor response to surgical excision and adjuvant therapy, proximity to vital 

anatomical structures, high residual and recurrence rate made this tumor a separate 

entity to counter.2,3,4 Traditionally, open craniotomy approaches that need brain 

retraction and microscopic transsphenoidal approach have been used with 

suboptimal results.5,6,7,8 The evolution of extended endoscopic endonasal 

approaches (EEA) to tackle these formidable tumors have occurred in the last two 

decades owing to better illumination, superior image quality, panoramic 

visualisation, angled endoscopes, image guidance, specialized instruments and 

better skull base reconstruction techniques.9,10,11 However, safety and efficacy of 

EEA to giant pituitary adenomas have been described by limited studies.12-24 

Factors like tumor pathology, tumor behaviour, invasion and extension  of giant 

pituitary adenoma to surrounding structures also affect the extent of resection and 

overall prognosis of patient.  

 

The present study is an attempt to consolidate all the demographic factors, various 

morphological characters of tumor, tumor pathology and correlate them with the 

extent of resection of giant pituitary adenomas and to assess the ultimate visual and 

hormonal outcome of the patient. 
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                                        REVIEW OF LITERATURE 

 

 

Pituitary adenomas accounts for about 7% to 17% of all the intracranial tumors, 

and are the third commonest primary intracranial tumors after gliomas and 

meningiomas. These tumors are mostly benign, remaining limited to the sella and 

diaphragm and produce symptoms due to hormonal secretion, hypopituitarism, 

local mass effect, or a combination of these. A significant proportion of pituitary 

adenomas may grow unpredictably and spread to the extrasellar compartments 

reaching giant size.25 

 

There is still ambiguity in the definition and a clear-cut point of size that is able to 

define a giant pituitary adenoma. There are no distinct histologic features, rigid 

criterion is lacking and the description of what constitutes a giant 

pituitary adenoma has been somewhat variable. Symon and Jakubowski termed 

giant adenomas as those with extension of more than 40mm above the planum 

sphenoidale in any direction (essentially 40mm or more of suprasellar extension) 

or less than 6-mm distance from the highest point of the tumor to the foramen of 

Monro or multidirectional spread with lobules extending to the suprasellar region 

in more than 2 directions. This has been the most accepted definition since 

then.26,27 Garibi et al has selected tumors more than 30-mm diameter as giant and 

according to them, tumors with Hardy grade D should be considered as GPAs.28 

 

Giant pituitary adenoma generally extends posteriorly towards dorsum sella and 

then towards clivus, anteriorly over tuberculum sella and planum, laterally into the 

cavernous sinus invading internal cerebral artery and sometimes abuts the temporal 

lobe, superiorly in the suprasellar cistern and then inside the third ventricle.17 

 

 

 

 



 

The tumour are classified based on standard classification systems which are used 

internationally: 

1) Knosp grading29: for tumors extending into cavernous sinus 

Grade 0 Medial to medial tangent 

Grade 1 Tumor extends to space between the medial tangent and the 

intercarotid line 

Grade 2 Tumor extends to space between the intercarotid line and the lateral 

tangent 

Grade 3 Tumor extends lateral to the lateral tangent 

3A Above the intracavernous ICA into the superior cavernous sinus 

compartment 

3B Below the intracavernous ICA into the inferior cavernous sinus 

compartment 

Grade 4 Complete encasement of intracavernous ICA 



 

 

 

2) Yasargil classification30: for local and loco regional extension 

 

1 Suprasellar-suprachiasmatic: tumors that grow more than 2 cm above the 

planum sphenoidale and in front of the chiasm 

2 Suprasellar-retrosellar: tumors that extend into the interpenduncular 

cisterns 

3 Parasellar-cavernous: tumors that extend into the cavernous sinuses 

4 Paninvasive: tumors that extend in all directions 

 

3) Modified Hardy classification6: for suprasellar and extrasellar extension 

A Extension into chiasmatic cisterns 

B Extension into the third ventricle 

C 3 cm of extension into the third ventricle 

D >3 cm of extension beyond the foramen of Monroe, each 

with at least 2 cm of extension superior to the jugum 

sphenoidale 

E 
Extradural spread (extension into or out of the cavernous sinus) 

 

The division of the giant tumors into tumors having predominant suprasellar extension 

and tumors having multicompartmental extension has important therapeutic 

implications, as the former tumors are more amenable to 

decompression by transsphenoidal route. 25 



 

Although this type of pituitary tumor is rarely malignant or rapid growing, they often 

present a neurosurgical challenge because of the enormous tumor size and 

neighbouring critical structures. In many cases, lateral invasion of cavernous 

sinuses, downward erosion into the sphenoid sinus, and upward suprasellar extension 

are often obvious on diagnosis.15 

 

Midline structures surrounding the sella turcica are frequently displaced or eroded and 

thus pose difficulty when complete resection is attempted. In recent years, there has 

been an emerging popular technique of endoscopic transnasal transsphenoidal surgery 

for pituitary adenomas. The most advantageous features of adapting ETTS are the 

panoramic views through the angled endoscopes.15 The large dimension of those 

tumors and their proximity to important neurovascular structures in the skull base 

justify, partially, the low rates of gross total resection, that is inferior to 50% in some 

previous studies. Surgical resection is the main treatment option for giant pituitary 

adenomas. The main objectives in those cases are to achieve maximal tumor 

resection, improve visual function and other neurological deficits and to 

preserve the hormonal function of the normal pituitary gland.16 

 

A favourable outcome of surgery in these lesions is proposed as the resolution 

of mass effect and reverse of hormonal dysfunction. Historically, standard microscopic 

transsphenoidal, transcranial, or combined transcranial-transsphenoidal approaches 

were used for surgical decompression. The narrow corridor of microscopic 

transsphenoidal approaches limits suprasellar and parasellar visualization. Transcranial 

and combined approaches are associated with higher risk of panhypopituitarism and 

vascular and optic nerve injury caused by brain retraction. Regarding the limitations, 

the rate of GTR in reported series of microsurgical approaches in giant 

macroadenomas has been reported to be <50%.  

 

Recently, the extended endoscopic transsphenoidal approach has been widely used for 

resection of pituitary adenomas. Wide angled endoscopic views provide better 

visualization and make the surgeon capable of tumor resection in various directions 



 

under direct visual control, consequently improving the rate of total tumor resection. 

Although limited data have been reported on the surgical outcome of endoscopic 

resection of large and giant macroadenomas, reports show promising results.23 

 

The tumor volume of pituitary adenomas has classically been determined using 2-

dimensional (2D) methods based on measuring the largest tumor diameters in the 

axial, transverse, and sagittal planes. This has been challenged by more recent studies 

using three-dimensional (3D) methods. These 3D methods have demonstrated that the 

2D methods do not precisely reflect the true volume of these tumors. 22 Also, 

Hofstetter et al., demonstrated that the correlation between the diameter-based (2D) 

and volume-based (3D) thresholds diverges at greater tumor volumes.14  

 

Such discrepancies between the calculated and measured volumes can be explained, at 

least in part, by the often irregular shape and differential vectors of growth around the 

epicenter of these tumors. In addition, it is not clearly known whether pituitary 

tumors grow equally in all 3 planes or are more prone to grow in 1 particular plane 

over another, depending on the surrounding anatomy. The inaccuracy of the ellipsoid 

method for calculating the tumor volume has proved critical regarding the EOR of 

large and giant pituitary adenomas. The tumor volume has been found by many 

investigators to be an important determinant of the EOR, with a larger tumor volume 

associated with a lesser degree of resection.The use of a uniform method to define 

large and giant pituitary tumors would be indispensable for decision making as tumor 

factors other than the volume have also been found to influence the EOR.22 

 

 Koutourousiou et al. reported that the resection rate was significantly different for 

different tumor configurations. The GTR rates were 46.7%, 33.3%, and 6.1% for 

rounded, dumbbell-shaped, and multilobular adenomas, respectively.15 

Chohan et al., found that  CS invasion was found to be the most significant predictor 

of the EOR.20 In a previous report by Hofstetter et al., the GTR rate was 92.0% versus 

38.1% for adenomas without and with CS invasion, respectively.30 



 

Similarly, Chabot et al. reported the Knosp grade was significantly related to the 

degree of resection, with lower Knosp grades more likely to be associated with GTR.18 

In their analysis, the correlation held true when analyzing the Knosp grades 

individually and in groups. Azab et al demonstrated that a soft consistency is a 

statistically significant predictor of GTR.22 

 

The complications related to surgery on giant pituitary adenoma are less commonly 

seen with the less invasive transsphenoidal approach as compared with the transcranial 

approaches. The reports of high surgical mortality in these tumors have been attributed 

to the breach of subarachnoid spaces usually above the diaphragma sella into the 

chiasmatic cistern, ischemia of the hypothalamus, brainstem or cerebral hemispheres 

due to small or large vessel traction and subtotal resection of the tumor leading to 

infarction and edema of the residual tumor, (postoperative pituitary apoplexy) causing 

compression of vital structures or acute obstructive hydrocephalus.  

The mortality in our series was 11.8%.  

 

The surgical outcome in GPAs remains poor when compared with the usual pituitary 

adenomas, with mortality ranging from 4.2% to 18% One of the leading causes of 

postoperative death is apoplexy of the residual adenoma.25 
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                                           AIMS AND OBJECTIVES 

 

 

To study extent of resection, visual and endocrinological improvement in patients 

operated for giant pituitary adenoma using multiple extended endonasal corridors. 
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                                                        METHODOLOGY 

 

A retrospective study was carried out to review all the consecutive cases of pituitary 

adenoma that had a minimum diameter of more than 3 cm and total volume more than 

10 cm3 on pre-operative MRI between January 2015 and December 2020. The 

volumetric extent of resection (3D volumetric analysis software) that was done in 85 

patients was correlated with various demographic, tumor related, pathological, 

immunohistochemical factors and its impact on clinical outcome was studied. 

Quantitative variables were measured using mean and standard deviation. Categorical 

variables were measured and expressed using proportion and percentages. The 

student's t-test was used to compare the means of two groups. ANOVA was used to 

compare the means of variables with more than two groups. Chi-square test was used 

to examine the difference between categorical variables. The Pearson correlation 

coefficient was used to understand the linear relationship between two continuous 

variables. A p-value of 0.05 was considered as significant. Data was collected using a 

structured proforma and entered in Microsoft Excel and was analysed using the 

statistical software SPSS Version 22.0. Patient consent was not required for 

retrospective study as per our institutional policy. 
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                                                        RESULTS 

 

A total of 243 patients underwent EEA for PA in the study period (December 2015-

2020). Of these, 106 patients had PA measuring more than 3 cm in the minimum 

dimension. In the study population, 61(57.5 %) were male and 45(42.4 %) were 

females. The mean age at presentation was 43.1  ±12.7 years (range 8 -71 years). 

Average maximum dimension of the PA on MR Imaging was 4.1 ± 0.85 cm (range 3- 

7.7 cm).  

 

 

Table 1: Correlation of demographic characteristics with extent of resection 

 Grade I resection 

(>90% volume) 

(n=33) 

Grade II & III 

resection 

(<90% 

volume) 

(n=52) 

p value 

Age 

 

42.39 42.21 0.557 

Sex: 

 

- Male 

 

- Female 

 

 

17 (51.5%) 

 

16 (48.5%) 

 

 

28 (53.8%) 

 

24 (46.1%) 

 

 

 

0.957 

Time from onset of symptoms 

till surgery (months) 

9.64 23.03 0.456 

Type of Tumour  

- First surgery 

 

- Re-operation 

 

27 (81.8%) 

 

6 (18.2%) 

 

37 (71.1%) 

 

15 (28.9%) 

 

0.828 



 

 

 

 

 

 

Post-operative length of stay 

(days)  

13.57 +/- 7.3 13.09 +/- 9.9 0.198 

 

Clinical presentation: 

Visual deterioration was the commonest presentation seen in all 106 (100%) patients, 

other complaints at presentation included headache in 58 (54.7%), hormonal 

disturbances in 24 (22.64%) and cranial nerve deficit in 3(2.8%) patients. The mean 

average time from the onset of symptoms till surgery was 16.17   25.82 months (6 

days to 6 months). The average follow-up period was 20.6 months (1-58 months). One 

patient was lost to follow up.  

 

Primary tumor resection was performed in 83 (78.3%) patients and the other 23 

(21.7%) were re-surgeries. Prior procedures included 10 patients who had undergone 

tumor excision by an endoscopic endonasal route,8 patients by transcranial route,4 

patients by transnasal microscopic route and one patient by sublabial rhinoseptal route 

with endoscopic assistance. (Table 1).  



 

 

Tumor volume: 

Volumetric analysis (3D) was performed in 85 cases in whom complete set of imaging 

sequences were available. The total average pre-operative tumor volume in these 85 

cases was 19.51  11.3 cm3 (10.16 – 65.1 cm3) and post-operative tumor volume was 

4.76  7.50 cm3 (0- 53.75 cm3).  The mean extent of resection was 79.18  21.75 cm3 

(17.4 -100 cm3). Pre-operative tumor volume (p=0.011) was found to be statistically 

significant factor affecting the extent of resection  



 

Factors affecting resection: 

Based on the volumetric analysis, Extent of resection was categorized as Grade 1 

where more than 90% tumor volume resection was achieved, Grade 2 where less than 

90 % but more than 50% tumor volume resection was achieved and Grade 3 where 

less than 50% tumor resection was achieved.  

Grade 1 resection was seen in 33(38.82 %) patients, Grade 2 resection was seen in 41 

(48.23 %) patients and Grade 3 resection was seen in 11(12.94 %) patients. Extent of 

resection was found to be 100 % in 22 (25.9%) patients. (Table 2).  

Implication of height from tuberculum: 

The maximum height of tumor from the tuberculum sellae was calculated in 82 cases. 

It was 1.59  0.7 cm in the Grade 1 resection and 1.43 0.7 cm in the Grade 2 & 3 

resection group. No statistical significance was found between the maximum height of 

tumor and the extent of resection. 

Implication of invasion into adjacent areas: 

Out of 85 cases with volumetric analysis, tumor extension into adjacent regions 

occurred into the 1) Sphenoid sinus in 49 (57.64%), 2) Suprasellar in 85 (100%), 3) 

Frontal lobe in 6 (7.05%), 4) Temporal lobe in 20 (23.5%), 5) Posterior fossa in 14 

(16.5%) 6) Clivus in 17 (20%) & 7) orbit in 1 (1.2%) patient.  

The cavernous sinus was invasion in 99.05% patients. The Knosp grade was 0 in 2 

(2.35%) patient, grade 1 in 19 (22.3%) patients, grade 2 in 18 (21.2 %) patients, grade 

3 in 11 (12.9%) patients and grade 4 in 35 (41.2%) patients (Table 2). 

Patients with a higher grade of cavernous sinus invasion (Knosp Grade 3 and 4) had a 

lesser extent of resection when compared to patients with lower grade of cavernous 

sinus invasion (Knosp 0-2) (p=0.022). 

Implication of shape:  

The tumor was classified as dumbbell shaped, rounded and multilobulated. No 

statistically significant association was seen with the extent of resection and shape. 

 



 

Implication of using multiple corridors: 

Additional surgical corridors apart from transsellar corridor were used in 22 (25.9%) 

out of 85 cases. Trans-tuberculum corridor was used in 16 cases and in addition 

transplanum was used in 6 cases, transclival in 2 cases, transpterygoid in 2 cases and 

transmaxillary in one case. The mean extent of resection volume with the use of single 

corridor was 76%, with use of 2 corridors was 85.3% and with the use of three 

corridors was 88%. The result signifies that the use of multiple corridors increases the 

volume of resection (Table 2). 

 

 

 

 

 

 



 

 

Histopathological Outcome:  

Out of 106 total cases, non-invasive pituitary adenoma was seen in 59(55.7%) cases 

and invasive in 47(44.3%) cases. Immunohistochemical examination of the specimens 

revealed that gonadotroph adenoma seen in 33 cases was the most common subtype. 

Corticotroph adenoma was seen in 27 cases, plurihormonal adenoma in 10 cases, null 

cell adenoma in 6 cases, somatotroph adenoma in 5 cases, lactotroph adenoma in 3 

cases, Pit-1 pleurihormonal adenoma in 2 cases, crooke cell adenoma in 1 case and 

mammosomatotroph adenoma in 1 case. MIB index was found to be equal or more 

than 3 % in 65 patients and less than 3 % in 25 cases. MIB status was unknown in 

remaining 3 cases. Almost 36.5 % tumors were found to be ‘high risk’ tumors as per 

WHO 2017 classification (Table 3).  

 



 

Surgical outcomes: 

Vision: 

Postoperatively, improvement in vision was seen in 87 (82%) out of 106 patients, 

stable vision was seen in 15 (14.1%) patients, worsening of vision was seen in only 

one (0.94%) patient and visual assessment was not possible in 3 patients.  

Endocrine: 

New onset persistent hormonal insufficiency was seen in 3(2.9%) out of 103 cases. 

One patient developed hypocortisolism post-surgery, for which steroid 

replacement was needed on follow up. One female patient required progesterone 

for amenorrhea and other male patient required regular testosterone 

supplementation. Transient diabetes insipidus was seen in 13 patients and 4 

patients had chronic diabetes insipidus. One patient developed hypocortisolism 

post-surgery, for which steroid replacement was needed on follow up. 

 

Complications:  

A total of 29 out of 106 (27.3%) patients had post-operative complications. Out of this 

29 patients, 19(17.9%) patients had sinonasal symptoms, 4(3.8%) patients had 

permanent diabetes insipidus, 2(1.9%) patients had postoperative CSF rhinorrhea, 

2(1.9%) patients had meningitis, 1(0.94%) patient had transient sixth cranial nerve 

palsy and transient third cranial nerve palsy was seen in one (0.94%) patient.  

Adjuvant therapy in the form of radiotherapy was required in 14 out of 106 (13.2%) 

patients. Six (5.6 %) patients required it for recurrence of tumor (4 out of this 6 

patients had Mib index >3%), five(4.7%) patients required it for residual tumor, two 

(1.9% ) patients required it for aggressive pathology  and one (0.94 %) patient required 

it for uncontrolled hormone levels. The mortality rate was 2.8% (Table 4). 
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                                                    DISCUSSION 

 



 

The original description of giant pituitary adenoma was given about 60 years ago by 

Jefferson. Their size, aggressive behaviour, neurological deficits in patients and poor 

response to treatment raised a complex management issue and established it as a 

distinct entity to treat.2 Various definition of  giant pituitary adenoma have been 

quoted by numerous authors as the term ‘giant’ is still ambiguous.25-28 As these tumors 

are irregular in shape, solely relying on maximum tumor diameter may not reflect the 

true reach of the tumor to its surrounding structure.20, 31  So, in the present study, we 

have considered both the tumor diameter more than 3 cm and minimum volume more 

than 10 cm3  that is known to be the modern definition of giant pituitary adenoma by 

Hofsetter et al14 ,to precisely define giant adenomas and for better quantification of 

extent of resection.4,20,27  

 

Traditionally, transcranial approaches has been advised for giant pituitary adenomas 

that have dumbbell shape or irregular adenomas and have tumor extension into the 

subfrontal region, retrochiasmatic area, temporal region, or posterior fossa. 32-35 The 

panaromic view of endoscope that provides visualization of the cavernous sinuses and 

parasellar and suprasellar regions have led to resection of giant adenomas that have 

extensive invasion.36,37 This advantage of endoscope over traditional approaches could 

theoretically translate into greater extent of resection (EOR). Still, the reported 

resection rate for large and giant pituitary adenomas are much lower as compared to 

the EOR of small adenomas.22 Cavernous sinus invasion should be one of the main 

reason for this as it is a well-known factor that avoids GTR of these challenging 

tumors.15   In our study, cavernous sinus invasion was found to be in 99.05% cases with 

Knosp grade 4 occupying 38.6% cases. These two factors may have led to relatively 

less Grade I resection in our study, which is 38.82 %.15-18,38 We found that Knosp 

grade 3 and grade 4 were the main limitations while achieving Grade I resection for 

giant pituitary adenomas (p = 0.022). Interestingly, we were able to achieve 100% 

resection in 2 cases of knosp grade 4 tumor with one patient developing transient 3rd 

nerve palsy. Though one should try to achieve maximum resection of these tumors to 

avoid life threatening complications like bleed from residual tumor, main goal of 

surgical resection should always be to improve visual function and preserve hormonal 



 

function without causing any neurological deficit.16,18,23 Though challenging, still, it is 

possible to excise tumor from the medial part of cavernous sinus to increase the extent 

of resection. In our study, we were able to achieve 100% resection as per volumetric 

analysis in 22(25.9%) out of 85 cases. The surgeon should be cautious while venturing 

into the lateral part of cavernous sinus to get GTR as it may prove to be more harmful 

than useful. Moreover, numerous studies have shown extremely good results with 

stereotactic radiosurgery(SRS) for treating the cavernous sinus residue.39-41 The best 

strategy to deal with GPA having knosp grade 3 or 4 invasion is to excise tumor from 

the medial part of cavernous sinus as much as possible without injuring the cranial 

nerves and the residual tumor should be treated with SRS. 

 

 GPA generally extends posteriorly towards dorsum sella and then towards clivus, 

anteriorly over tuberculum sella and planum, laterally into the cavernous sinus 

invading internal cerebral artery and sometimes abuts the temporal lobe, superiorly in 

the suprasellar cistern and then inside the third ventricle.17 There is great difficulty in 

reaching such multi-compartment tumors using purely transsellar approach. So, there 

is always need for multiple extensions of usual transphenoid approach in each patient 

like transpterygoid, transtuberculum, transplanum, transcavernous, transclival for 

better dissection, visualization and preservation of vital structures like cranial nerves, 

internal carotid artery, optic chaism etc.28 Due to availability of advanced 

instrumentation and increasing demand from patients even in developing countries like 

India, minimally invasive endoscopic approaches have great value for the resection of 

large intracranial skull base tumors. It is important to study the utility of these multiple 

endoscopic endonasal corridors in each patient to show their feasibility and 

comparable or good outcome compared to traditional transcranial approaches.42 

Inadequate bone removal is one of the most common cause of subtotal tumor 

resection. This principle is especially applicable to giant tumors that resist the descent 

of their suprasellar portion if their lateral extensions into the sella are not addressed 

because of restricted bone exposure.  

 



 

We used 3D volumetric analysis to calculate the tumor volume and the extent of 

resection as volumetric analysis is known to give more accurate measurement of 

extent of resection than ellipsoidal volume calculation as volume.17 EOR was then 

correlated with the shape and extensions of giant adenomas in various compartments. 

However, we did not find any statistically significant difference between the various 

grades of resection in our study while comparing these factors. We believe that 

utilization of multiple endonasal corridors based on the shape and extension of tumor 

that is studied in detail in the pre-operative planning might be the reason as we were 

able to expand the traditional midline corridor of transsphenoidal route to reach the 

borders of many such complex giant adenomas. We employed multiple corridors in 

25.9 % patients depending on the tumor extension and were able to achieve Grade I 

resection in 50% of patients in whom multiple corridor was used. The mean extent of 

resection volume with the use of single corridor was 76%, with use of 2 corridors was 

85.3% and with the use of three corridors was 88%. Thus, the percentage increase in 

the extent of resection with use of 2 endonasal corridors was 10.6% and with 3 

corridors was 14%. In our experience, the use of multiple corridors can make a 

valuable difference in the extent of resection of complex giant adenomas that have 

irregular extensions. This opinion have been supported by few studies in the literature 

that concludes that the extended endoscopic approach are able to overcome the classic 

limitations of traditional unicorridor endoscopic approach like  dumbbell shape, 

suprasellar adenomas and fibrous tumors and provide greater EOR.12-17,21 We have also 

described our experience regarding the safe and efficient role of extended endonasal 

endoscopic approach for single stage excision of GPA that disrupt the diaphragm and 

extend into the third ventricle in our other study.43 

Pre-operative tumor volume (p=0.011) was one of the statistically significant predictor 

of Grade II and Grade III resection in our study as also found in few other studies.14,17, 

20   Though not statistically significant, we found a positive correlation between the 

maximum height of tumor from the tuberculum sellae to the extent of resection. It 

meant that as the tumor height increases above tuberculum, the extent of resection 

proportionately decreases. 

 



 

We also found that that the tumor consistency did not affect the extent of resection. 

Our results are in contradiction to the observations made by Ajab et al22 who 

concluded that consistency of tumor, rather than the preoperative tumor volume was a 

significant predictor for the extent of resection. The use of meticulous microscopic 

dissection to preserve the vessels and nerves adherent to tumor while separating tumor 

from them is a possible reason for making tumor consistency non-significant while 

increasing the extent of resection.   

 

There is a lack of understanding of the various factors involved in this tumor’s 

regrowth, invasiveness and high rate of recurrence.30  In our study, we tried to find the 

reasons for the aggressive behaviour of giant adenomas by studying their 

histopathological subtype and MIB-1 index in detail as both of these are known to be 

reliable tools to predict tumor behavior.31 However, we did not find any statistically 

significant difference between histological subtypes and MIB- 1 index in the resection 

groups. However, 31 (36.5%) patients were found to be ‘high risk’ tumors as per 

WHO 2017 classification.44 Also, five out of six patients who required adjuvant 

therapy for recurrence of tumor had MIB- 1 index more than 3 %. Radiotherapy was 

required only in 13.2 % patients, which is less than that reported by other authors.4,15 

 

Visual improvement was seen in 82% of cases that is comparable with rates reported 

by various other authors.12,14,15,18 New onset persistent hormonal insufficiency was 

seen in 2.9% patients, which is less than that reported by other authors.13,15,14,18,23,24 

Permanent diabetes insipidus was observed in 3.9 % of patients which is comparable 

to other studies.19,21 Mortality rate in our study was 2.8% (3 out of 106 patients). One 

patient died because of pituitary apoplexy in the residual tumor and second patient 

succumbed to septicemia.  Death of third patient because of myocardial infarction in 

the post-operative period was unrelated to surgery. 

 

The outcomes following EEA for giant pituitary adenoma were compared against the 

recent body of literature (Table 5) and it was found that in many studies EEA was 

associated with higher rates of GTR along with better visual outcome and preserved 



 

pituitary function.12-24 Endoscopic skull base surgery is growing into a well-established 

alternative to the traditional open micro-surgical approach, however, it demands 

careful case selection. Once proper case has been selected, we also propose further, 

selection of an additional endonasal corridor as per the pre-operative imaging for 

increasing the extent of resection. The outcome of this study can be used to validate 

the approach for giant pituitary adenomas as a future standard of care.  
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                                                CONCLUSIONS   

 

Extended endoscopic endonasal approaches can safely and effectively be used for 

the gross total resection of giant pituitary adenoma. However, we found that a 

preoperative tumor volume and Knosp grade 3 & grade 4 were statistically 

significant factors determining the extent of tumor resection. The utilization of 

multiple endoscopic endonasal corridors can increase the volumetric extent of 

tumor resection in giant pituitary adenomas. Visual improvement and preservation 

of hormonal axis with no neurological deficit should be the ultimate goal while 

managing these tumors. 
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                                                Patient Proforma Form  

 

Proforma 

Serial no :  

 

Age :  

 

Sex:  

 

Time from onset of symptoms till surgery:  

 

Pre-operative Symptoms:  

1) Visual acuity 

2) Visual defects 

3) Cranial nerve deficits 

4) Hormonal disturbances 

5) Headache 

6) Neurological deficits 

7) Others  

 

Pre-operative Hormonal replacement: Yes / NO 

 

Co-morbidities:  

 

Type of tumor: Primary/ Recurrent /Residual 

 

Functional status: Type – Functioning  

 

                                         Nonfunctioning 

 

 



 

 

Previous surgery: Transcranial /Transnasal microscopic/  Endoscopic endonasal/ 

 

Radiological characteristics: 

 

1) Maximum width :  

 

2) Knosp Score: 

 

3) Modified Hardy Classification stage: 

 

4) Tumor characteristic: Optic nerve compression/.Hydrocephalus/apoplexy 

 

5) Tumor shape : Rounded/Dumbbell shaped/Multilobar 

 

6) Tumor invasion: Sphenoid/cavernous sinus/3rd ventricle/Bone (clivus/anterior 

skullbase/orbit) / Brain parenchyma 

 

Tumor extension: Suprasellar / Intraventricular/Anterior cranial fossa/ Temporal lobe / 

Posterior fossa 

 

Surgical approach: Trans-sellar/Transplanum /Transclival 

/Transtuberculum/Transpterygoid 

 

Need for lumbar drain intra-operatively:   

 

Tumor characteristics: 

 

Use of Neuronavigation : Yes/No 

 

Intra-op Complications :  



 

 

Intra-op CSF leak:  

 

Extent of resection: Gross total resection/Sub-total resection/ Near total resection 

 

Repair Technique:  

 

Post-op CSF leak: 

 

Post-op Diabetes Insipidus: 

 

Meningitis:  

 

Sino-nasal symptoms: 

 

Other complications: 

 

Post-op Visual acuity (immediate postop): 

 

Post-op Visual field (immediate postop): 

 

Post-op Length of stay 

 

Histopathological diagnosis:  

 

Post-op MRI (extent of resection): GTR/ NTR/ STR 

 

Post-op Hormonal status: 

 

Need for adjuvant therapy:  

 



 

Visual acuity on follow-up  

 

Visual field status on follow-up 

 

Hormonal status on Follow-up 

 

Symptoms on follow-up (New/Persistent):  

 

Comments:  

 

 



 

  

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 


