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ABSTRACT 
Pituitary adenomas are one of the most common primary central nervous system 

tumours and have an estimated prevalence of 17%.  Management of hormone-

secreting pituitary adenomas involves a multidisciplinary approach that can 

incorporate surgical, medical, and/or radiation therapies. Acromegaly is a rare, 

chronic disorder that mostly results from growth hormone (GH)-secreting pituitary 

adenoma. We analyzed the outcomes of surgical treatment for growth hormone (GH) 

pituitary adenomas based on 28 cases and determine factors that lead to biochemical 

remission. 

 

 

INTRODUCTION

Growth-hormone (GH) pituitary adenomas occur in 13-20% of all 

hormonally active pituitary adenomas [1, 21]. Increased levels of GH 

can cause the progression of cardiovascular and cerebrovascular 

diseases, which leads to increased mortality [4, 5] These pituitary 

adenomas are invasive to the surrounding structures around the sellar 

area, which reduces the radicality and makes hormonal remission 

unattainable. [6, 15]. GH- pituitary adenomas treatment includes 

surgery, radiotherapy and medical therapy. Surgery allows to reduce 

the GH level insulin-like growth factor 1 (IGF-1) rapidly and is the 

primary method in GH pituitary adenomas [10, 11]. Currently, almost 

all pituitary adenomas are removed by endoscopic endonasal route 

which is highly effective and allows to achieve a high remission rate with 

a low number of complications [6, 12]. 

 

MATERIAL AND METHODS 

A retrospective analysis of 28 patients with GH pituitary adenomas in 

the period from 2013 to 2019. All patients underwent surgical 

treatment by endoscopic endonasal route. Information about patients, 

tumor characteristics, clinical symptoms and biochemical remission is 

shown in Table 1. Patients were divided by age and gender: men – 12 
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(42.9%), women - 16 (57.1%), the average age was 

40.67 years. GH pituitary adenomas were classified 

by size: microadenoma (up to 10 mm) - 5 (17.9%) 

patients, macroadenoma (10-39 mm) - 21 (75%) 

patients, giant pituitary adenoma (> 40 mm) - 2 (7,1%) 

patients. Сavernous sinus extension was classified 

according Knosp scale [18]: grade 0, 1 and 2 are 

defined as noninvasive tumors, grade 3 and 4 are 

defined as invasive tumors.  

 

Age (mean, range) 40,67 (18-64) 

Male 12 (42,9%) 

Female 16 (57,1%) 

Tumor size 

- Micro 

- Macro 

- Giant 

 

5 (17,9%) 

21 (75%) 

2 (7,1%) 

Cavernous sinus invasion 

- No invasion 

- Invasion 

 

18 (64,3%) 

10 (35,7%) 

Pre-GH level (mean, range) 
39, (5,7 – 252) 

ng/ml 

Symptoms and signs 

- Acromegaly 

- Visual field defect 

- 6 nerve palsy 

- Headache 

 

28 (100%) 

9 (32,1%) 

1 (3,6%) 

11 (39,3%) 

Long term follow-up results 

- Remission 

- Persistence 

- Recurrence 

 

23 (82,1%) 

3 (10,7%) 

2 (7,1%) 
 

Table 1. Patients, tumor characteristics, clinical symptoms and 

biochemical remission for 28 patients. 

 

There were 18 (64,3%) cases with noninvasive 

cavernous sinus extension and 10 (35,7%) cases with 

invasive tumors. All patients were tested for GH and 

IGF-1 level before surgery, 3 months after surgery, 

and annually. Acromegaly was diagnosed on the 

basis of relevant clinical features: mean GH level >5 

μg /l, plasma IGF-1 level greater than normal 

appropriate to age and gender. The serum GH level 

ranged from 5.7 to 252 ng / ml (at average 39), IGF-1 

level ranged from 592 to 1506 ng / ml (at average 

960.9). Preoperative clinical manifestations were 

observed in all 28 cases. All patients had clinical signs 

of acromegaly, visual impairment were found in 9 

(32.1%) patients, oculomotor disorders in one 

patient (3.6%), headache was observed in 11 (39.3%) 

cases. All patients underwent magnetic resonance 

imaging (MRI) with intravenous contrast 

enhancement. The endoscopic endonasal 

transsphenoidal (EET) approach was used in all 

cases. Surgery was performed using an endoscopic 

stand based on the HD-endoscope “Image-1HD” 

(Karl Storz, Germany). Rigid endoscopes "Karl Storz" 

4 mm in diameter with viewing angles of 0 and 35 

degrees were used as the main tool for visualization 

of the operating field. The follow-up ranged from 12 

to 60 months, at average 25.4 (2.1 years) months. 

The serum level of GH and IGF-1 was determined in 

3 months after surgery and annually. The criteria for 

endocrine remission or treatment were the lowest 

serum GH level of <0.4 ng/ml after oral glucose 

challenge, and subsequent normal IGF-1 levels 

appropriate to age and gender. 

 

RESULTS 

Radical removal: complete resection of somatotroph 

pituitary adenomas (PA) was achieved in 22 (78.6%) 

cases, of which in 19 (86.4%) patients - without 

invasive extension to the cavernous sinus, and in 3 

(13.6%) patients - with invasive extension of Knosp 3. 

Subtotal resection was in 5 (17.8%) cases, of which 

non-invasive extension was found in 2 patients, in 

one of which the growth of PA was prolonged. The 

size of these tumors was from 30 to 40 mm. Invasive 

extension with subtotal resection of somatotroph PA 

Knosp 3 and Knosp 4 was revealed in 3 cases. Partial 

removal in 1 (3.6%) case, where there was extension 

to the cavernous sinus during Knosp 3. 

 

  
 

Figure 1. Range of GH and IGF-1 serum level after surgery. 

 

Postoperative radiation therapy was performed in 4 

cases, in 3 of them subtotal resection was 

performed, in one case due to partial removal. 

Growth recurrence after radiation therapy was 

observed in 2 (7.1%) cases, resulting in repeated 
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surgery. Clinical laboratory remission (CLR) was 

achieved in 23 (82.1%) patients. IGF-1 serum level 

ranged from 1 to 649 (mean 378,) GH level ranged 

from 0,4 to 5,7 (mean 2,9) (Fig. 1). In patients who 

underwent only radiation therapy after surgery, CLR 

was achieved in 2 patients. In patients who 

underwent radiation therapy and repeated surgery 

for a prolonged growth of PA, CLR was achieved in 1 

case (out of 2 patients), which is associated with 

radical removal of PA. Postoperative nasal 

cerebrospinal fluid was observed in 3 (10.7%) cases, 

for which lumbar drainage was inserted in all 3 cases. 

Diabetes insipidus was detected in 1 (3.6%) case, 

which required the assignment of replacement 

therapy. There is no postoperative mortality. 

 

DISCUSSION 

Currently, in the treatment of tumors sellar region 

transsphenoidal approach is generally accepted and 

widely used in surgical practice [1,9,10,17]. Pituitary 

adenomas of various sizes and hormonal activity can 

be completely removed using EET approach [6, 22]. 

EET approach is currently the main method of 

surgical treatment of somatotroph pituitary 

adenomas [2].  

The use of EET approach allows to achieve rapid 

decompression of the optic nerves and chiasm, 

affect the regression of acromegalic changes, reduce 

the risk of cardiovascular diseases and decrease 

mortality due to the rapid release of GH excess [22]. 

Compared to the microsurgical transsphenoidal 

approach, the EET approach is effective and allows 

one to achieve a larger number of totally removed 

pituitary adenomas and achieve biochemical 

remission surgically [6]. In our study, radical 

resection was achieved in 22 (78.6%) cases, of which 

19 (86.4%) patients without invasive extension to the 

cavernous sinus, 3 (13.6%) patients with invasive 

extension Knosp3, subtotal resection - 5 (17.8%) 

cases, of which non-invasive extension was found in 

2 patients. The size of these tumors was from 30 to 

40 mm. Invasive extension with subtotal resection of 

these tumors was found in 3 cases. Partial removal 

in 1 (3.6%) case, where there was a spread to the 

cavernous sinus during Knosp3. Biochemical 

remission in endoscopic endonasal transsphenoidal 

removal of somatotroph pituitary adenomas was 

achieved in 23 (82.1%) patients.  

According to the literature, biochemical remission 

in surgical series can be achieved in 60% -86% of 

cases [13, 16, 22]. It is noted in studies that 

biochemical remission is influenced by the 

invasiveness of somatotroph pituitary adenomas, 

the level of preoperative GH [20]. In our series of 

observations, the radical removal of somatotroph 

pituitary adenomas depended on the invasive 

extension of these tumors to the cavernous sinus. At 

the same time the achievement of hormonal 

remission depended on the degree of removal of 

pituitary adenomas and their extension to the 

cavernous sinus. It was noted that hormonal 

remission was different depending on the size of 

somatotroph pituitary adenomas (p <0.05). In 

pituitary microadenomas, hormonal remission was 

achieved in all patients (5 cases), in macroadenomas 

- 18 (85.7%), in giant pituitary adenomas - in one (out 

of two cases). 

 

 

A 

 

B 

 

C 

 

D 

 

Figure 2. 

A-B preoperative MRI scans with gadolinium. Macroadenoma 

27х25х38 mm in size with Knosp 3B extension into the 

cavernous sinus.  

C-D MRI scans with gadolinium after surgery, follow-up 5 years. 

GH level – 4,6 ng\ml. 

 

Among invasive GH pituitary adenomas, biochemical 

remission was achieved in 8 (72.7%) patients, among 

noninvasive tumors, biochemical remission was 

achieved in 16 (94.1%) patients. As a clinical case we 

illustrate outcome of surgical treatment patient with 

large GH pituitary adenoma (Fig. 2). Patient with 

clinical manifestation of acromegaly, visual 
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disturbances, high level of GH -233 ng\ml and 

increased IGF-1 - 1288 ng\ml. Preoperative MRI scans 

with gadolinium shown large pituitary adenoma 

27х25х38 mm in size with Knosp 3B extension into 

the cavernous sinus. Endoscopic endonasal 

approach was used to remove the tumor. Visual 

disturbances regressed after surgery. CLR was 

achieved after surgery in a few months and stay 

stable during all follow-up period (5 yeas). MRI scans 

with gadolinium after surgery and 5 years after 

shown gross-total tumor resection and no 

recurrence. Serum GH level – 4,6 ng\ml, IGF-284 

ng\ml.  

Recurrence and low level of hormonal remission 

are associated with the volume of tumor removal, its 

extension to the cavernous sinus. Thus, in 6 patients 

there was incomplete resection of GH pituitary 

adenoma. The size of these tumors was more than 3 

cm in diameter. In 4 cases there was an invasive 

extension to the cavernous sinus. In two cases, there 

was a prolonged growth of tumors which were 

operated on at another center. 

Adjuvant therapy, which includes drugs that 

reduce GH, repeated surgery or radiation therapy, 

plays an important role in the long-term treatment of 

patients who have not achieved hormonal remission 

after surgery [8, 9]. Postoperative radiotherapy was 

performed in 4 cases. Recurrence of growth after 

radiation therapy was observed in 2 (7.1%) cases, 

resulting in repeated surgery. Thus, hormonal 

remission in the group of patients with incomplete 

resection of GH-pituitary adenoma was achieved in 4 

(66.7%) patients. 

According to the literature, complications during 

pituitary adenoma surgery occur on average in 10% 

of cases, hypopituitary syndrome is manifested in 

less than 10% of cases, nasal cerebrospinal fluid - 

13.9%, oculomotor nerve injury- in 6% [3, 17, 19]. 

Postoperative nasal cerebrospinal fluid was 

observed in 3 (10.7%) cases. Diabetes insipidus - 1 

(3.6%) case, for which was prescribed the 

replacement therapy. There is no postoperative 

mortality. 

 

CONCLUSIONS 

1. Endoscopic endonasal transsphenoidal approach 

in the treatment of GH pituitary adenomas is 

effective, allowing to achieve hormonal remission in 

82.1%, and is safe method reducing the number of 

postoperative complications. 

2. Cavernous sinus extension of GH pituitary 

adenomas reduces the possibility of radical removal 

of these tumors, clinical and laboratory remission 

can be achieved in 85.7% of patients. 

3. Radiotherapy can reduce the number of 

recurrences, while clinical laboratory remission was 

achieved in 66.7% of patients. 

 

 

REFERENCES 

1. Agustsson TT, Baldvinsdottir T, Jonasson JG, Olafsdottir E, 

Steinthorsdottir V, Sigurdsson G, Thorsson AV, Carroll PV, 

Korbonits M, Benediktsson R. The epidemiology of 

pituitary adenomas in Iceland, 1955-2012: a nationwide 

population-based study. Eur J Endocrinol. 2015 

Nov;173(5):655-64. doi: 10.1530/EJE-15-0189. PMID: 

26423473. 

2. Bourdelot A, Coste J, Hazebroucq V, Gaillard S, Cazabat L, 

Bertagna X, Bertherat J. Clinical, hormonal and magnetic 

resonance imaging (MRI) predictors of transsphenoidal 

surgery outcome in acromegaly. Eur J Endocrinol. 2004 

Jun;150(6):763-71. doi: 10.1530/eje.0.1500763. PMID: 151 

91345. 

3. Briceno V, Zaidi HA, Doucette JA, Onomichi KB, Alreshidi 

A, Mekary RA, Smith TR. Efficacy of transsphenoidal 

surgery in achieving biochemical cure of growth 

hormone-secreting pituitary adenomas among patients 

with cavernous sinus invasion: a systematic review and 

meta-analysis. Neurol Res. 2017 May;39(5):387-398. doi: 

10.1080/01616412.2017.1296653. PMID: 28301972. 

4. Buliman A, Tataranu LG, Ciubotaru V, Cazac TL, 

Dumitrache C. The multimodal management of GH-

secreting pituitary adenomas: predictive factors, 

strategies and outcomes. J Med Life. 2016;9(2):187-92. 

5. Campbell PG, Kenning E, Andrews DW, Yadla S, Rosen M, 

Evans JJ. Outcomes after a purely endoscopic 

transsphenoidal resection of growth hormone-secreting 

pituitary adenomas. Neurosurg Focus. 2010;29(4):E5. 

https://doi.org/10.3171/2010.7.FOCUS10153. 

6. Chen CJ, Ironside N, Pomeraniec IJ, Chivukula S, Buell TJ, 

Ding D, Taylor DG, Dallapiazza RF, Lee CC, Bergsneider M. 

Microsurgical versus endoscopic transsphenoidal 

resection for acromegaly: a systematic review of 

outcomes and complications. Acta Neurochir (Wien). 

2017 Nov;159(11):2193-2207. doi: 10.1007/s00701-017-

3318-6. Epub 2017 Sep 14. PMID: 28913667; PMCID: 

PMC6558977. 

7. De Los Reyes KM, Gross BA, Frerichs KU, Dunn IF, Lin N, 

Rincon-Torroella J, Annino DJ, Laws ER (2015) Incidence, 

risk factors and management of severe post-

transsphenoidal epistaxis. J Clin Neurosci 22:116–122. 

8. Ding D, Starke RM, Sheehan JP. Treatment paradigms for 

pituitary adenomas: defining the roles of radiosurgery 

and radiation therapy. J Neurooncol. 2014 

May;117(3):445-57. doi: 10.1007/s11060-013-1262-8. 

PMID: 24122025. 



 238 Ruslan V. Aksyonov, Orest I. Palamar, Andriy P. Huk et al. 

9. Ding D, Yen CP, Starke RM, Lee CC, Sheehan JP. 

Unyielding progress: recent advances in the treatment of 

central nervous system neoplasms with radiosurgery 

and radiation therapy. J Neurooncol. 2014 

Sep;119(3):513-29. doi: 10.1007/s11060-014-1501-7. 

Epub 2014 Aug 14. PMID: 25119001. 

10. Gondim JA, Ferraz T, Mota I, Studart D, Almeida JP, Gomes 

E et al. Outcome of surgical intrasellar growth hormone 

tumor performed by a pituitary specialist surgeon in a 

developing country. Surg Neurol; 2009;72(1):15-9. 

https://doi.org/10.1016/j.surneu.2008.02.012. 

11. Gondim JA, Schops M, Almeida JP, Albuquerque LA, 

Gomes E, Ferraz T et al. Endoscopic endonasal 

transsphenoidal surgery: surgical results of 228 pituitary 

adenomas treated in a pituitary center. Pituitary. 

2010;13(1):68-77. https://doi.org/10.1007/s11102-009-01 

95-x . 

12. Guinto G, Abdo M, Zepeda E, Arechiga N, Mercado M 

(2012) Acromegaly: role of surgery in the therapeutic 

armamentarium. Int J Endocrinol 2012:306094 J Clin 

Endocrinol Metab. 2011 Sep; 96(9):2732-40. 

13. Jane JA Jr, Starke RM, Elzoghby MA, Reames DL, Payne SC, 

Thorner MO, Marshall JC, Laws ER Jr, Vance ML. 

Endoscopic transsphenoidal surgery for acromegaly: 

remission using modern criteria, complications, and 

predictors of outcome. J Clin Endocrinol Metab. 2011 Sep; 

96(9):2732-40. 

14. Krieger MD, Couldwell WT, Weiss MH. Assessment of 

long-term remission of acromegaly following surgery. J 

Neurosurg. 2003 Apr;98(4):719-24. doi: 

10.3171/jns.2003.98.4.0719. PMID: 12691394. 

15. Mehta GU, Lonser RR. Management of hormone-

secreting pituitary adenomas. Neuro Oncol. 2017 Jun 

1;19(6):762-773. doi: 10.1093/neuonc/now130. PMID: 

27543627; PMCID: PMC5464431. 

16. Nishioka H, Fukuhara N, Horiguchi K, Yamada S. 

Aggressive transsphenoidal resection of tumors invading 

the cavernous sinus in patients with acromegaly: 

predictive factors, strategies, and outcomes. J Neurosurg. 

2014 Sep;121(3):505-10. doi: 10.3171/2014.3.JNS132214. 

Epub 2014 Jul 11. PMID: 25014437. 

17. Paluzzi A, Fernandez-Miranda JC, Tonya Stefko S, 

Challinor S, Snyderman CH, Gardner PA. Endoscopic 

endonasal approach for pituitary adenomas: a series of 

555 patients. Pituitary. 2014 Aug;17(4):307-19. doi: 

10.1007/s11102-013-0502-4. PMID: 23907570. 

18. Pituitary adenomas with invasion of the cavernous sinus 

space: a magnetic resonance imaging classification 

compared with surgical findings. Knosp E, Steiner E, Kitz 

K, Matula C. Neurosurgery. 1993 Oct; 33(4):610-7; 

discussion 617-8. 

19. Rutkowski M, Zada G. Management of Pituitary 

Adenomas Invading the Cavernous Sinus. Neurosurg Clin 

N Am. 2019 Oct;30(4):445-455. doi: 10.1016/j.n 

ec.2019.05.005. PMID: 31471051. 

20. Takahashi JA, Shimatsu A, Nakao K, Hashimoto N. Early 

postoperative indicators of late outcome in acromegalic 

patients. Clin Endocrinol (Oxf). 2004 Mar;60(3):366-74. 

doi: 10.1046/j.1365-2265.2003.01900.x. PMID: 15009003. 

21. Tjörnstrand A, Gunnarsson K, Evert M, Holmberg E, 

Ragnarsson O, Rosén T, Filipsson Nyström H. The 

incidence rate of pituitary adenomas in western Sweden 

for the period 2001-2011. Eur J Endocrinol. 2014 

Oct;171(4):519-26. doi: 10.1530/EJE-14-0144. Epub 2014 

Aug 1. PMID: 25084775. 

22. Zheng Y, Chen DM, Wang Y, Mai RK, Zhu ZF. Surgical 

management of growth hormone-secreting pituitary 

adenomas: A retrospective analysis of 33 patients. 

Medicine (Baltimore). 2020 May;99(19):e19855. doi: 

10.1097/MD.0000000000019855. PMID: 32384430; 

PMCID: PMC7220440. 

 

 


