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Supplementary Figure 1: Visual improvement in those patients who presented with visual deficits 

  



Supplementary Figure 2: Surgical complications from case series operated with the endoscopic 

technique 

 

  



Supplementary Figure 3: Surgical complications from case series operated with the microscopic 

technique 

 

  



Supplementary Figure 4: Surgical complications in hormone-producing pituitary adenomas 

 

  



Supplementary Figure 5: Surgical complications in acromegaly 

 

 

Supplementary Figure 6: Surgical complications in Cushing’s disease 

 

  



Supplementary Figure 7: Surgical complications excluding studies that explicitly reported to 

have included outcomes of repeat surgery 

 



Supplementary Table 1: study characteristics and remission rates for hormone producing pituitary adenoma within Endo-ERN centers 

Author City Year Total N Primary or 
Secondary 
surgery 

Microscopic or 
endoscopic 

N 
Acrome
galy 

% 
Acromegaly 
remission 

N 
Cushing  

% Cushing 
remission 

N 
Prolactino
ma 

% 
Prolactino
ma 
remission 

N 
NFMA  

Cebula Assistance Publique ς 
Consortium Cochin, 
Robert Debré, Necker, 
St Antoine, La Pitié 
Salpétrière, Trousseau 
University Hospitals 

2017 230 Partially 
reoperated 

Endoscopic   230 79%    

Florea Assistance Publique ς 
Hôpitaux de Marseille 

2019 1694 Unclear Microscopic and later 
endoscopic 

       

Burgers Leiden University 
Medical Center 

2011 164 Unclear Microscopic and later 
endoscopic 

164 55%      

Wagenmakers Radboud University 
Nijmegen Medical 
Center 

2011 40 unclear Microscopic and later 
endoscopic 

40 50%      

Cruz-Topete Aarhus University 
Hospital 

2011 8 primary unclear 8 63%      

Rubeck Aarhus University 
Hospital 

2010 36 unclear unclear 36       



Alwani  University Medical 
Center Rotterdam 

2010 79 unclear unclear   79 65%    

D'Haens UZ Brussels 2010 120 Partially 
reoperated 

Microscopic and later 
endoscopic 

24 46% 29 52% 65 63%  

Losa Ospedale San Raffaele 2010 249 unclear unclear   249 70%    

Fomekong Cliniques universitaires 
Saint-Luc 

2010 40 unclear unclear   40 80%    

Wagenmakers Radboud University 
Nijmegen Medical 
Center 

2010 14 Re-operation endoscopic   14 71%    

Broersen Leiden University 
Medical Center 

2019 54 Some 
reoperation 

Microscopic and later 
endoscopic 

  54 15%    

Broersen Charité 
Universitätsmedizin 
Berlin 

2019 24 Partially 
reoperated 

Unclear   24 13%    

Garzaro Azienda Ospedaliero 
Universitaria Città della 
Salute e della Scienza di 
Torino 

2019 85 Unclear endoscopic 22  11  4  45 

Ismail UZ Brussels 2016 65 Partially 
reoperated 

endoscopic 19 68% 10 80% 12 67% 24 

Di Maio Azienda Ospedaliera 
Universitaria άCŜŘŜǊƛŎƻ 
LLέΣ Napoli 

2011 20 Partially 
reoperated 

endoscopic 3 33%   2 0% 15 



Karamouzis Azienda Ospedaliero 
Universitaria Città della 
Salute e della Scienza di 
Torino 

2015 51 Unclear Unclear       51 

Bacigaluppi IRCCS A.O.U San 
Martino ς Genova ς 
(IT5) 

2016 57 Unclear microscopic 57 32%      

Sandow Charité 
Universitätsmedizin 
Berlin 

2015 19 Primary microscopic 13  6 50%    

Hana University Hospital 
Motol 

2015 94 Unclear endoscopic 29    4  61 

Fomekong UZ Brussels 2014 73 some microscopic       73 

Masopust University Hospital 
Motol 

2014 50 Unclear microscopic        

Masopust University Hospital 
Motol 

2014 100 Unclear endoscopic        

Cavallo Azienda Ospedaliera 
Universitaria άCŜŘŜǊƛŎƻ 
LLέΣ Napoli 

2013 104 primary endoscopic        

Losa Ospedale San Raffaele 2013 212 primary microscopic       212 

Wagenmakers Radboud University 
Nijmegen Medical 
Center 

2013 86 primary endoscopic   86 72%    



Cavallo, Azienda Ospedaliera 
Universitaria άCŜŘŜǊƛŎƻ 
LLέΣ Napoli 

2013 59 Secondary endoscopic        

Van Rompaey uz Brussels 2013 35 primary 
surgery 

microscopic and later 
endoscopic 

20       

Georgalas Amsterdam-UMC, 
location AMC 

2012 91 primary endoscopic 15  5  6  64 

Tamasauskas Hospital of Lithuanian 
University of Health 
Sciences Kauno Klinikos 

2012 32 primary microscopic     32 59%  

Albarel Assistance Publique ς 
Hôpitaux de Marseille 

2013 115 Unclear Microscopic and 
transcranial 

115 37%      

Primeau uz Brussels 2012 63 Primary 
surgery 

Microscopic     63 46%  

Giordano Azienda Ospedaliera 
Universitaria άCŜŘŜǊƛŎƻ 
LLέΣ Napoli 

2012 80 primary microscopic and 
endoscopic 

80 50%      

Bou Khalil Assistance Publique ς 
Consortium Cochin, 
Robert Debré, Necker, 
St Antoine, La Pitié 
Salpétrière, Trousseau 
University Hospitals 

2011 127 primary microscopic   127 80%    



Alwani University Medical 
Center Rotterdam 

2011 45 Unclear microscopic   45 62%    

Lobatto Leiden University 
Medical Center 

2019 103 Some 
reoperation 

endoscopic 14 50% 15 80% 16 75% 47 

Spina Ospedale San Raffaele 2019 336 primary endoscopic 57 74% 39 67% 5 20% 230 

Netuka University Hospital 
Motol 

2019 143 Unclear  endoscopic 32  13  3  95 

Broersen leiden University 
Medical Center 

2019 87 primary microscopic   87 85%    

Broersen leiden University 
Medical Center 

2019 50 primary endoscopic   50 78%    

Albarel Assistance Publique ς 
Hôpitaux de Marseille 

2018 110 Unclear  Microscpic and 
endoscopic 

110 44%      

Brichard UZ Brussels 2018 71 partially 
reoperated 

Microscopic   71 80%    

Shimanskaya Radboud University 
Nijmegen Medical 
Center  

2018 146 Partially 
reoperated 

endoscopic 33  37  7  70 

Lelotte UZ Brussels 2018 120 Unclear  Unclear micscopic or 
endoscopic 

      120 

Ceccato  Azienda Ospedaliera di 
Padova (AOP) 

2018 102 Unclear Microscopic and 
endoscopic 

18 11% 14 43% 20 10% 38 



Mortini ospedale San Raffaele 2018 2145 Unclear microscopic 595 64% 496 79% 208 64% 795 

Graillon, Assistance Publique ς 
Hôpitaux de Marseille 

2017 19 Primary Transcranial        

Donofrio ospedale San Raffaele 2017 142 primary Microscopic   142 80%    

Donofrio ospedale San Raffaele 2017 299 primary Microscopic       299 

Magro Assistance Publique ς 
Hôpitaux de Marseille 

2016 300 Partially 
reoperated 

endoscopic       300 

Pennacchietti Azienda Ospedaliero 
Universitaria Città della 
Salute e della Scienza di 
Torino 

2016 90 Unclear endoscopic 16 69% 9 78% 5 80% 58 

Dimopoulou Ludwig-Maximilian-
University Munich 

2014 46 Primary Microscopoc   46 76%    

 

 
  



Supplementary Table 2: percentage complete resection, visual improvement, visual normalization, mortality, complicationas and health-related quality of life 

results within Endo-ERN centers 

Author City Year Total N % 
Complete 
resection 

N 
preoperative 
visual deficit 

% 
Improvement 
vision 

% 
Normalization 
vision 

% Complications QoL results 

Cebula Assistance Publique 
ς Consortium 
Cochin, Robert 
Debré, Necker, St 
Antoine, La Pitié 
Salpétrière, 
Trousseau 
University Hospitals 

2017 230     13% intraoperative CSF leakage 29 
22% transient diabetes insipidus 51 
6% permanent diabetes insipidus 15 
3% pituitary insufficiency 7 
1% panhypopituitarism 3 
3% SIADH 8 
1% visual complications 1 
3% epistaxis 6 
1% DVT 3 
0% pulmonary embolism 1 

 

Florea Assistance Publique 
ς Hôpitaux de 
Marseille 

2019 1694     1% ophthalmoplegia  

Burgers Leiden University 
Medical Center 

2011 164     18% Adrenanal insufficiency   

Wagenmakers Radboud University 
Nijmegen Medical 
Center 

2011 40     35% transient diabetes insipidus 
10%  epistaxis 
8% CSF leak 

 



Cruz-Topete Aarhus University 
Hospital 

2011 8       

Rubeck Aarhus University 
Hospital 

2010 36      EQ-5D: range 1.19 to 1.47 
PASQ: range 0.88 to 2.47 

Alwani  University Medical 
Center Rotterdam 

2010 79     28% hypopituitarism  

D'Haens UZ Brussels 2009 120  5 40% 40% 6% CSF leak 
0.8% meningitis 
0.8% epistaxis 
0.8% SIADH 
0.8% pituitary insufficiency 

 

Losa Ospedale San 
Raffaele 

2009 249       

Fomekong Cliniques 
universitaires Saint-
Luc 

2009 40     10% CSf leak 
3% meningitis 
33% diabetes insipidus 
3% cranial nerve palsy 
3% SIADH 
3% DVT 
3% episaxis 

 

Wagenmakers Radboud University 
Nijmegen Medical 
Center 

2009 14     43% CSF leak 
43% transient diabetes insipidus 
14% bleeding 
7% hemiparesis 
79% pituitary deficiency 

 

Broersen Leiden University 
Medical Center 

2019 54     24% Diabetes Insipidus 
26% Pituitary deficiency 

 



Broersen Charité 
Universitätsmedizin 
Berlin 

2019 24     29% Diabetes Insipidus 
29% Pituitary deficiency 

 

Garzaro Azienda Ospedaliero 
Universitaria Città 
della Salute e della 
Scienza di Torino 

2019 85     6% CSF leak /  transient diabetes 
insipidus /  SIADH 

 

Ismail UZ Brussels 2016 65 11% 11 64% 36% 5% CSF leakage 
8% transient diabetes insipidus 
2% permanent diabetes insipidus 
6% hypopituitarism 

2% panhypopituitarism 

18% with any complications 
2% subdural hematoma 
2% mortality 

 

Di Maio Azienda Ospedaliera 
Universitaria 
άCŜŘŜǊƛŎƻ LLέΣ Napoli 

2011 20 65% 14 71% 14% 5% CSF rhinorrhea 
5% worsening visual field 
0% mortality 

 

Karamouzis Azienda Ospedaliero 
Universitaria Città 
della Salute e della 
Scienza di Torino 

2015 51 35%      



Bacigaluppi IRCCS A.O.U San 
Martino ς Genova ς 
(IT5) 

2016 57     0% mortaliy 
2% CSF leak requiring surgery 
8% minor complications 
12% new hypopitutatarism 

 

Sandow Charité 
Universitätsmedizin 
Berlin 

2015 19 100%    0% moratlity 

5% CSF leak 
11% epistaxs 
26% diabetes insipidus 

 

Hana University Hospital 
Motol 

2015 94     14% adrenal insufficiency  

Fomekong UZ Brussels 2014 73 68%      

Masopust University Hospital 
Motol 

2014 50 48%    20% new hypopituitarism 

6% epistaxis 
2% visual deficit 

 

Masopust University Hospital 
Motol 

2014 100 61%    6% new hypopituitarism 

2% epistaxis 
1% visual deficit 
11% CSF leak 

 

Cavallo Azienda Ospedaliera 
Universitaria 
άCŜŘŜǊƛŎƻ LLέΣ Napoli 

2013 104     4% CSF leak  

Losa Ospedale San 
Raffaele 

2013 212 81%    4% severe complications 
8% CSF leak not requiring surgery 
5% gonadal deficiency 
3% thyroid deficiency 
6% adrenal deficieny 
4% HPA deficiency 

 



Wagenmakers Radboud University 
Nijmegen Medical 
Center 

2013 86     1% severe epistaxis requiring surgery 
1% pulmonary embolism 

5% postoperative CSF leak 
5% transient diabetes insipidus 
12% transient hyponatremia 
2% urinary tract infection 

1% local infection  
26% hypopituitarism 

 

Cavallo, Azienda Ospedaliera 
Universitaria 
άCŜŘŜǊƛŎƻ LLέΣ Napoli 

2013 59 63% 34 65%  2% CSF leak requiring reoperation 
2% Hematoma requiring reoperation 
3% Cranial nerve palsy nVI 
2% Meningitis 
6% Hypopituitarism 

2% Hypocortisolism 
2% Hypogonadism 
5% Transient diabetus insipidus 
0% Mortality 

0% Epistaxis 
0% Carotid injury 

0% airway complications 

 

Van Rompaey uz Brussels 2013 35  4 50% 50% 0% Mortality  
5% epistaxis (microscopic) 
10% CSF lek (endoscopic) 

 

Georgalas Amsterdam-UMC, 
location AMC 

2012 91      Functional adenoma are related to 
worse HRQoL as measured with the 
RSOM 31 



Tamasauskas Hospital of 
Lithuanian 
University of Health 
Sciences Kauno 
Klinikos 

2012 32     6% permanent diabetes insipidus 
16% transient diabetes insipidus 

 

Albarel Assistance Publique 
ς Hôpitaux de 
Marseille 

2013 115 42% 32 78%  8% complications 
2% permanent diabets insipidus 
2% CSF leak 
1% sinusitis 
1% sellar air requiring reoperation 
2% V2 neuralgia 
1% severe adrenal insufficiency  
15% transientmild hyponatremia 
0% mortality 

42% pituitary deficit 

 

Primeau uz Brussels 2012 63     13% complications 
6% new pituitary deficit 
6% diabetes insipidus 
5% CSF leak 
2% meningitis 

 

Giordano Azienda Ospedaliera 
Universitaria 
άCŜŘŜǊƛŎƻ LLέΣ Napoli 

2012 80       



Bou Khalil Assistance Publique 
ς Consortium 
Cochin, Robert 
Debré, Necker, St 
Antoine, La Pitié 
Salpétrière, 
Trousseau 
University Hospitals 

2011 127       

Alwani University Medical 
Center Rotterdam 

2011 45       



Lobatto Leiden University 
Medical Center 

2019 103 33% 32 97% 41% 12% hypopituitarism  
18%  neurosurgical complications 
4% major neurosurgical 
complications 
1% acute deafness after CSF leak 
1% hemiplegia 
2% thalamic infarctions 
40% endoscrinological complications 
27% transient endocrinological 
complications 
13% readmission 
49% any complication 
26% transient diabetes insipidus 
8% permanent diabetes insipidus 
13% delayed hyponatremia 
7% postoperative CSF leak 
2% severe epistaxis requiring surery 
5% mild epistaxis 
0% mortality 

HRQoL assessed with the LBNQ, EQ-
5D, SF-36 and VFQ-25 showed overall 
improvement in 36 to 45% of patients 
within 6 months after surgery 



Spina Ospedale San 
Raffaele 

2019 336 59% 64  52% 1% meningitis 
1% CSF leak requiring surgical repair 
1% epistaxis 
1% permanent visual worsening 
1% intracranial hemorrhage 
0% peritonitis 
0% pulmonary embolism 

4% sellar hematoma 
0% intraoperative arrhytmia 
0% atrial fibrillation 

0% deep vein thrombosis 
3% permanent diabetes insipidus 
4% hypogonadism 
1% hypothryroidism 

5% hypoadrenalism 
3% hyponatremia 
0% mortality 

 

Netuka University Hospital 
Motol 

2019 143     12% Any complication 
7% Diabetes insipidus 
5% CSF leak 
3% Panhypopituitarism 
1% New visual field deficit 
0% Focal neurological deficit 
0% Mortality 

 

Broersen leiden University 
Medical Center 

2019 87     5% meningitis, 
2% severe bleeding 
1% sever epistaxis 
1% mild epistaxis 
0% mortality 

 



Broersen leiden University 
Medical Center 

2019 50      

1% severe bleeding 
1% sever epistaxis 
1% mild epistaxis 

 

Albarel Assistance Publique 
ς Hôpitaux de 
Marseille 

2018 110     16% Transient mild hyponatremia 
9% Transient Diabetes Insipidus 
3% Permanent Diabets Insipidus 
10% Transient pituitary defciency 
10% Permanent pituitary deficiency 
5% Mild epistaxis 
2% Transient diplopia 
1% CSF leak 
1% Sphenoid sinusitis 
1% Air in sella 
1% V2 neuralgia 
1% Severe post LP syndrome 
1% Severe adrenal insufficiency 
1% Transient fever episode 
1% Bronchitis 
3% Facial pain 

1% Urinary infection 

1% Angina 
1% Hyposmia 
1% Pneumothorax 

 



Brichard UZ Brussels 2018 71     10% Transient diabetes insipidus 
15% Permanent diabetes insipidus 
4% Transient SIADH 
1% Transint nVI palsy 
1% Meningitis 
3% DVT 
1% Pulmonary embolism 

1% Transverse venous sinus 
embolism 
0% mortality 

 

Shimanskaya Radboud University 
Nijmegen Medical 
Center  

2018 146     25% Diabetes insipidus 
3% CSF leak 
8% Epistaxis 
1% Sinusitis 
1% SIADH 
1% Short-term memory disorder 
1% Hydrocephalus 
1% Urinary retention 

1% Cardiac asthma 
1% Chest pain 
0% mortality 

 

Lelotte UZ Brussels 2018 120 40%      

Ceccato  Azienda Ospedaliera 
di Padova (AOP) 

2018 102 14%      



Mortini ospedale San 
Raffaele 

2018 2145 23% 477 89%  0.2% Mortality 

0.3% CSF leak requiring surgery 
0.2% Meningitis 
0.1% Permanent visual worsening 
0.4% Transient cranial nerve 
dysfunction 
0.1% Sellar hemorrhage requiring 
surgery 
0.2% Intracranial hemorrhage 
0.0% Carotid artery injury 

0.5%  sinusitis 
4.7% New hypopituitarism 

3.7% Permanent diabetes insipidus 
4.7% Hyponatremia 

 

Graillon, Assistance Publique 
ς Hôpitaux de 
Marseille 

2017 19 21% 19 53%  4 Visual deficit 
5 Panhypopituitarism 
8 Diabetes Insipidus 
3 Ischaemic complication 
2 Hemorrhagic complication 
2 Neurocognitive impairement 

 



Donofrio ospedale San 
Raffaele 

2017 142     0% mortality 

4% surgical complications 
0% meningitis 
1% CSF leak 
1% epistaxis 
0% visual or oculomotor defect 
0% pneumocephalus 
0% sellar hematoma 
1% sinusitis 
4% medical complications 
1% pulmonary embolism 

0% infection or sepsis 
1% atrial fibrillation 

1% psychosis 
1% bleeding from gastric ulcer 
1% phlebitis 
0% extrasystolia 
0% blood loss requiring perfusion 
0% urinary tract infection 

 



Donofrio ospedale San 
Raffaele 

2017 299 61%    0% mortality 

6% surgical complications 
1% meningitis 
0% CSF leak 
1% epistaxis 
1% visual or oculomotor defect 
0% pneumocephalus 
0% sellar hematoma 
2% sinusitis 
3% medical complications 
0% pulmonary embolism 

2% infection or sepsis 
0% atrial fibrillation 

0% psychosis 
0% bleeding from gastric ulcer 
0% phlebitis 
0% extrasystolia 
0% blood loss requiring perfusion 
0% urinary tract infection 

 



Magro Assistance Publique 
ς Hôpitaux de 
Marseille 

2016 300 59% 224 87% 42% 2% Permanent visual worsening 
3% Transient visual worsening 
3% Transient diplopia 
14% Pituitary deficiency 
5% Transient diabetes insipidus 
6% Permanent diabetes insipidus 
3% Meningitis 
3% Postoperative CSF leak 
2% Intrasellae hematoma 
0% Carotid artery injury 

0% Subararchnoid hemorrhage  
2% Epistaxis 
2% Sinusitis   
4% Hyposmia 
1% Anosmia 
1% Nasal crusting 
0% Mortality 

 

Pennacchietti Azienda Ospedaliero 
Universitaria Città 
della Salute e della 
Scienza di Torino 

2016 90       

Dimopoulou Ludwig-Maximilian-
University Munich 

2014 46       

 



Author City/center Year Total 
N 

Primary or 
Secondary 
surgery 

Microscopic or 
endoscopic 

N 
Acromegaly 

% Acromegaly 
remission 

N 
Cushing  

% Cushing 
remission 

N 
Prolactinoma 

% Prolactinoma 
remission 

N 
NFMA  

Endo-ERN representative in non-Endo-ERN center 

Wang Manchester  2011 88   14  5  4  54 

Wang Manchester 2011 236   39  24  13  131 

Wang Manchester 2012 43   43 67%      

Davies Manchester 2017 56           

Leach Manchester 2010 125   22 82% 10 70% 9 56% 67 

Endo-ERN and non-Endo-ERN European center 

Castinetti Assistance Publique ς 
Hôpitaux de Marseille 

2009 38      38     

Colao Azienda Ospedaliera 
Universitaria άCŜŘŜǊƛŎƻ LLέΣ 
Napoli 

2009 41   41 49%      

Bogazzi Azienda Ospedaliera 
Universitaria άCŜŘŜǊƛŎƻ LLέΣ 
Napoli 

2013 124   124       

Brochier Hôpital Bicêtre & Cliniques 
universitaires Saint-Luc 

2010 142          

Tampourlou University Hospitals 
Birmingham ς NHS 
Foundation Trust 

2017 765         765 

Pediatric patient population 

Barzaghi ospedale San Raffaele  2019 85   9  43 72% 23 70% 9 

Supplementary Table 3: study characteristics and remission rates for pituitary adenoma not included in the meta-analysis 

  



Supplementary Table 4: study characteristics and remission rates for pituitary adenoma not included in the meta-analysis 

Author City Year Total 
N 

% 
Complete 
resection 

N 
preoperative 
visual deficit 

% 
Improveme
nt vision 

% 
Normalizati
on vision 

% Complications QoL results 

Endo-ERN representative in non-Endo-ERN center 

Wang 

Manchester  

88 88 

    

  

Overall nasal symptoms do not change with 
surgery as measured with the General Nasal 
Patient Inventory (GNPI) 

Wang 
Manchester 

236 236 
    31% CSF leak 

0.4% meningitis   

Wang 

Manchester 

43 43 

    

12% hypopituitarism 

33% transient diabetes insipidus 
5% permanent diabetes insipidus 
2% CSF leak with meningitis   

Davies 

Manchester 

56 56 

    

  

Nasal morbidity is transient (42%) and overall 
an improvement is seen at 6 and 12 months 
follow-up, as measured with the General 
Nasal Patient Inventory (GNPI) 

Leach 

Manchester 

125 125 

 

61 89% 

 21% hypopituitarism 

5% diabetes insipidus 
3% CSF leak  
2% Hematoma    

Endo-ERN and non-Endo-ERN European center 



Castinetti 

Assistance Publique ς 
Hôpitaux de Marseille 

2009 38 

      

Colao 

Azienda Ospedaliera 
Universitaria άCŜŘŜǊƛŎƻ LLέΣ 
Napoli 

2009 41 

      

Bogazzi 

Azienda Ospedaliera 
Universitaria άCŜŘŜǊƛŎƻ LLέΣ 
Napoli 

2013 124 

      

Brochier 

Hôpital Bicêtre & Cliniques 
universitaires Saint-Luc 

2010 142 30% 76 29% 

 
 
 
 
 
49% 

62% Hypogonadism 
52% Hypothyroidism 

46%Hypocortisolism 
63% GH deficiency 
36% panhypopituitarism 

7% Diabetes insipidus 

 

Tampourl
ou 

University Hospitals 
Birmingham ς NHS 
Foundation Trust 

2017 765 11% 

     

Pediatric patient population 

Barzaghi ospedale San Raffaele 2019 85 5 

11 6 

 
3 

1% meningitis 
1% severe epistaxis 
2% hypopituitarism 

1% permanent diabetes insipidus 
6% SIADH 

 

 

 

  



Supplementary Table 5. Definitions of remission, extent of tumor resection, and complications 

 

Author Year Definition of remission / disease control / cure Period over 

which remission 

is defined 

Definition of 

extent of 

tumor 

resection 

Method of 

determining 

extent of tumor 

resection 

Definition of complications 

Burgers 2011 Absent NA Absent  Adrenal insufficiency: for ITT, ACTH-stimulation test, 

and CRH-stimulation test cortisol <0.55 μmol/l; for 

Metyrapone test deoxycortisol <0.20 μmol/l; for morning 

cortisol <0.50 μmol/l. 

Wagenmakers 2011 Remission: disappearance of clinical symptoms 

with normal serum IGF-1 levels (≤ mean + 2 SD 

for age) and suppression of serum GH levels to 

<2 mU/l during OGTT within the first 4 months 

after surgery. 

4 months Absent  Complication: any event occurring during or after 

surgery that required treatment. Intraoperative CSF 

leakage was not regarded as a complication, while 

postoperative CSF leakage was considered a 

complication. 

Cruz-Topete 2011 Absent NA Absent  Absent 

Rubeck 2010 Clinical remission for >6 months defined by IGF1 

levels within the normal range for age 
6 months Absent  Absent 

Alwani 2010 Clinical remission: continued need for 

corticosteroid replacement for >6 months after 

surgery. Biochemical remission: suppression of 

serum cortisol <50 nmol/l after 1 mg overnight 

dexamethasone and a normal UFC excretion 

(reference <850 nmol/24 h). 

6 months Absent  Absent 



D'Haens 2009 Remission: 

Prolactinoma: normalization of postoperative 

serum PRL at least 6 weeks postoperatively and 

after withdrawal of any DA within the same 

period. Acromegaly: normalization of both serum 

GH and IGF-I and the suppression of GH (<1 

ng/ml) after OGTT. Cushing's disease: 

normalized or suppressed serum ACTH and 

cortisol levels and 24-hour UFC.  
TSHoma: normalization of free thyroxin levels 

and normalized or low TSH levels. 
Additionally, clinical presentation was also 

considered to assess the disease and its remission. 

6 weeks Absent  Absent 

Losa 2009 Early remission: normalization of urinary free 

cortisol and suppression of cortisol level <5.0 

μg/dl after low-dose dexamethasone (1 mg per 

os) overnight test. 

6 months Absent  Absent 

Fomekong 2009 Remission at follow-up: normal postoperative 

UFC or continued need for glucocorticoid 

hormone replacement after surgery. Transient 

post-surgical remission: short-lasting remission of 

Cushing’s syndrome and complete normalization 

of UFC and plasma cortisol and ACTH during the 

3 months following surgery, with a rapid 

resurgence of hypercortisolism afterwards.  

Not reported Absent  Absent 



Wagenmakers 2009 Disappearance of clinical symptoms of 

hypercortisolism with basal plasma cortisol 

level ≤50 nmol/l after glucocorticoid withdrawal 

for 24–48h and/or suppression of plasma cortisol 

level ≤50 nmol/l after overnight 1 mg 

dexamethasone within the first 3 months after 

surgery. 

3 months Absent  Absent 

Broersen 2019 Dependency on hydrocortisone replacement, or 

hydrocortisone independency without any 

biochemical signs of hypercortisolism and 

regression of clinical signs; and morning cortisol 

suppression after 1 mg dexamethasone to 

<50 nmol/l and normal 24-h UFC excretion or 

midnight salivary cortisol excretion in two 

consecutive samples, if not on hydrocortisone 

replacement 

3-6 months Absent  Adrenal crisis: an acute impairment of general health 

requiring hospital admission (not only emergency room, 

as emergency room adrenal crises could not be scored 

reliably) and administration of intravenous 

glucocorticoids, after which a resolution of symptoms 

followed. 

Garzaro 2019 Absent NA Absent  Absent 



Ismail 2016 Remission: 

NFA: total resection of the tumor. Functioning 

pituitary adenoma: evidence of endocrinological 

remission with clinical control.  

Acromegaly: normalization of IGF-1 as adjusted 

for sex and age and suppression of the nadir GH 

level (<1 μg/l) after OGTT, at least 6 weeks 

postoperatively, and improvement in clinical 

features of acromegaly, particularly soft tissue 

swelling, hyperhidrosis and sleep apnea.  

Cushing’s disease: normalization of early 

morning cortisol level and 24-hour UFC along 

with an overnight low-dose dexamethasone 

inhibition test (morning serum cortisol 

level<18 µg/l) associated with resolution of 

clinical stigmata.  

Prolactinoma: serum prolactin <20 ng/ml at least 

6 weeks after surgery. 

6 weeks Gross total 

resection: 

100%.  

Subtotal 

resection: 

>80%.  

Partial 

resection: 

<80%. 

Surgeon’s 

intraoperative 

assessment and 

postoperative 

imaging 

Absent 

Di Maio 2011 Controlled: clinical features and biochemical 

values are normal with medical treatment.  

Cured: clinical features and biochemical values 

are normal without medical treatment. 

Not reported Gross total 

resection: 

100%. Near 

total resection: 

>90%. Subtotal 

resection: 

>70%. Partial 

resection: 

<70%.  

3-month 

postoperative MRI 
Absent 



Karamouzis 2015 Absent NA Absent  Absent 

Bacigaluppi 2016 Cured: morning (overnight fasting) plasma GH 

levels <2.5 μg/l and normal age-corrected IGF-I 

levels. Patients were also considered ‘responders’ 

when IGF-I levels were normalized (<1 ULN) 

and/or reduced >50% compared to basal (baseline 

or pre-surgical) assessment. 

Not reported Absent  Absent 

Sandow 2015 Absent NA Absent  Absent 

Hana 2015 Absent NA Absent  Adrenal insufficiency: cortisol <500 nmol/l after ITT or 

ACTH stimulation test. 

Fomekong 2014 Absent NA Total resection: 

100%. Near 

total resection: 

≥95%. Subtotal 

resection: 80-

95%. Partial 

resection: 

<80%.  

  

Masopust 2014 Absent NA Absent  Permanent diabetes insipidus: a need for desmopressin 

for at least 3 months. 

Cavallo 2013 Absent NA Absent  Absent 



Losa 2013 Absent NA Absent First postoperative 

MRI 
Mortality, severe adverse events, minor adverse events 

(CSF leakage, transient hyponatremia, new-onset 

pituitary hormone deficits) 

Wagenmakers 2013 Remission: disappearance of clinical symptoms 

of hypercortisolism with basal plasma cortisol 

levels ≤50 nmol/l after glucocorticoid withdrawal 

for 24–48h and/or suppression of plasma cortisol 

levels ≤50 nmol/l after 1 mg overnight DST. 

3 months Absent  Complication: any event occurring during or after 

surgery that required treatment. Intraoperative CSF 

leakage was not regarded as a complication, while 

postoperative CSF leakage was considered a 

complication. 

Cavallo 2013 Absent NA Gross total 

resection: 

100%. Near 

total resection: 

>90%. Subtotal 

resection: 

>70%. Partial 

resection: 

<70%. 

  

Van 

Rompaey 
2013 Remission/cure: normalization of both serum GH 

and IGF-I levels and suppression of GH (nadir 

GH <1 ng/ml) after OGTT.  

Biochemical control of patients on medical 

therapy: GH values <2 μg/l and/or normal IGF-I 

level for age and gender. 

Not reported Absent  Absent 

Georgalas 2012 Absent NA Absent  Absent 



Tamasauskas 2012 Remission: normal serum PRL levels without 

concurrent DA therapy, and without signs of 

tumor recurrence on MRI and/or CT scans at 

follow-up. 

Not reported Absent  Absent 

Albarel 2013 Short-term remission: normal IGF-1 levels for 

their age and gender and a GH nadir <0.4 μg/l 

after OGTT 3 months postsurgery, without 

adjuvant treatment immediately after surgery. For 

diabetic patients (unreliable GH values after an 

OGTT), only IGF-1 measurement was taken into 

account.  

Uncertain remission: discordant results (normal 

IGF-1 but GH nadir after OGTT ≥0.4 μg/l, 

elevated IGF-1 but GH nadir after OGTT <0.4 

μg/l).  

Long-term remission: normal IGF-1 levels with 

no medication at last visit.  

Controlled: IGF-1 was normalized with ongoing 

treatment.  

Uncontrolled: IGF-1 was elevated with ongoing 

treatment.  

3 months (short-

term remission) 
Absent Intraoperative 

assessment by two 

neurosurgeons 

Severe surgical complications: permanent diabetes 

insipidus, cerebrospinal fluid rhinorrhea, sphenoid 

sinusitis, repeat surgery for air in the sella, V2 neuralgia, 

severe adrenal insufficiency.  

Primeau 2012 Biochemical remission: normalization of PRL 

levels (≤25 ng/ml for women and ≤15 ng/ml for 

men) for at least 6 months after surgery. 

6 months Absent  Absent 

Giordano 2012 Controlled: IGF-I ≤1 ULN. Not reported Absent  Absent 



Bou Khalil 2011 Early remission: eucortisolism maintained for at 

least 3 months post-surgery. Eucortisolism: 

absence of hypocortisolism along with the 

combination of normal UC (<90 μg/24h) and a 

maintained nycthemeral cortisol cycle (midnight 

serum cortisol <75 ng/ml, midnight salivary 

cortisol <2 ng/ml). Hypocortisolism: morning 

serum cortisol <50 ng/ml and/or subnormal 

response to corticotropin analog or to overnight 

metyrapone test.  

3 months Absent  Absent 

Alwani 2011 Remission: adequate suppression of serum 

cortisol after 1 mg overnight dexamethasone (cut-

off 50 nM = 1.8 μg/dl) and normalization of UFC 

(reference <850 nmol/24 h = 306 μg/24h); or a 

continuous need for corticosteroid replacement 

for >12 months after surgery.  

12 months (need 

for corticosteroid 

replacement). 

Absent  Absent 

Lobatto 2019 Endocrine remission: normalized overproduction 

without medication. 
Not reported Absent  Absent 



Spina 2019 Remission: 

NFA: no evidence of adenomatous tissue on 

postoperative MRI.  
Acromegaly: basal or OGTT-suppressed GH 

<1μg/l, as measured by 22K-specific assays, plus 

age-adjusted and sex-adjusted normalization of 

elevated IGF-1 level. 
Prolactinoma: normalization of basal PRL level, 

without DA therapy for at least 6 months. 
Cushing’s disease: hypocortisolism requiring 

glucocorticoid substitution therapy or normal 

serum and urinary cortisol levels with 

suppression of serum cortisol level <18 ng/ml 

after overnight low-dose dexamethasone test. 
TSHoma: normalization of serum TSH, free 

triiodothyronine, and free thyroxine levels in 

hyperthyroid patients plus absence of residual 

disease on postoperative MRI. 

6 months Absent  Major complications: meningitis, CSF rhinorrhea 

requiring surgical repair, epistaxis, permanent visual 

worsening due to hemorrhage, intracranial hemorrhage, 

peritonitis, pulmonary embolism. 

Minor complications: sellar hematoma, intraoperative 

arrhythmia, atrial fibrillation, deep vein thrombosis. 

Endocrinological and electrolyte complications: 

permanent diabetes insipidus, hypogonadism, 

hypothyroidism, hypoadrenalism, hyponatremia. 

Netuka 2019 Absent NA Absent  Absent 



Broersen 2019 Remission: dependency on hydrocortisone 

replacement, or hydrocortisone independency 

without any biochemical signs of 

hypercortisolism and regression of clinical signs; 

and morning cortisol suppression after 1 mg 

dexamethasone to <50 nmol/l and normal 24-h 

UFC excretion or midnight salivary cortisol 

excretion in two consecutive samples, if not on 

hydrocortisone replacement. 

3-6 months Absent  Short-term morbidity (≤3 month after first surgery): 1) 

Postoperative CSF-leakage, 2) Bacterial meningitis (or 

start of antibiotic treatment due to suspicion of 

meningitis), 3) All intra- and postoperative bleedings 

(internal carotid artery injury, epistaxis, severe venous 

blood loss), 4) Severe bleeding (requiring surgical 

intervention or described as severe in patient file), 5) 

SIADH (Na <135 mmol/l), 6) Diabetes insipidus 

(transient, requiring medication at least once), 7) 

Anterior pituitary deficiency other than ACTH requiring 

medication, 8) Corticosteroid withdrawal syndrome 

(complaints and/or requirement of increase in 

hydrocortisone replacement dose), and 9) Cardiovascular 

morbidity (thrombosis, pulmonary embolism, 

cerebrovascular accident, transient ischemic attack, and 

myocardial ischemia).  

Long-term morbidity (>3 months after first surgery): 1) 

Anterior pituitary deficiency other than ACTH re- 

quiring medication (measured 1 year after surgery), 2) 

Hydrocortisone dependency for >3 years, 3) Diabetes 

insipidus (permanent: >3 months), 4) Cardiovascular 

morbidity, 5) Hypertension (de novo as well as persisting 

after surgery), 6) DM (de novo as well as persisting after 

surgery), and 7) Neuropsychiatric morbidity 

(complaints/symptoms as well as consultation of 

psychologist or psychiatrist). 



Albarel 2018 Short-term remission: normal IGF-1 and a GH 

nadir during OGTT <0.4 μg/l (or GH random <1 

μg/l for patients with DM).  

Not in remission: if patients received immediate 

postoperative medical treatment.  

Uncertain remission: discrepant IGF-1 and GH 

nadir results.  

Long-term remission: normal IGF-1 (or GH 

random <1 μg/l for patients with normal IGF-1 

receiving oral estrogens or SERMs) and GH nadir 

during OGTT <0.4 μg/l (or GH random <1 μg/l 

for patients with DM) without treatment at last 

visit after surgery. 

3 months (short-

term remission) 
Absent  Absent 

Brichard 2018 Remission: fasting cortisol level <5 μg/dl for 1 

year after surgery; for patients with values above 

these standards, normal UFC (<60 μg/24h) and 

continued need for hydrocortisone replacement 

could also be considered as remission, subject to 

good clinical interpretation. 

1 year Absent  Absent 

Shimanskaya 2018 Absent NA Absent  Absent 

Lelotte 2018 Absent NA Absent  Absent 



Ceccato  2018 Response to surgery: complete removal of the 

adenoma, evaluated with hormonal secretion and 

pituitary MRI 3–6 months after procedure. 

Response to radiotherapy: radiological 

disappearance of adenoma at MRI and 

normalisation of hormonal secretion (if present) 

at least 3 years after irradiation. Response to 

standard dose of medical therapy: control of 

hormonal secretion and tumor growth, for at least 

2 consecutive years. 

3-6 months 

(surgery), 3 years 

(radiotherapy), 2 

years (medical 

therapy) 

Absent  Absent 



Mortini 2018 Remission: 
Acromegaly: basal or OGTT-suppressed GH <1 

μg/l, as measured by 22K-specific assays, plus 

age-adjusted and sex-adjusted normalization of 

elevated IGF-1 level. 
Prolactinoma: normalization of basal PRL level, 

without DA therapy for at least 6 months. 
Cushing’s disease: hypocortisolism requiring 

glucocorticoid substitution therapy or normal 

serum and urinary cortisol levels with 

suppression of serum cortisol level <18 ng/ml 

after overnight low-dose dexamethasone test. 
TSHoma: normalization of serum TSH, free 

triiodothyronine, and free thyroxine levels in 

hyperthyroid patients plus absence of residual 

disease on postoperative MRI. 
NFA: absence on the first postoperative MRI, 

performed 3–6 months after surgery, of residual 

adenomatous tissue. 

6 months 

(hormone-

secreting 

tumors), 3-6 

months (NFA) 

Absent  Surgical mortality rate: all deaths within 2 months from 

surgery or later as a direct consequence of postoperative 

complication.  

Complications were grouped into major, minor, 

hormonal and electrolytes disturbances.  

Surgical complications: intracranial hemorrhages, 

cerebrospinal fluid (CSF) rhinorrhea, meningitis, visual 

worsening, cranial nerves palsy, and oro-rhino-sinusal 

complications. 

Graillon 2017 Absent NA Gross total 

resection: 

100%. Subtotal 

resection: 

>90%. Partial 

resection: 

<90%. 

3-month 

postoperative MRI 

in association with 

perioperative 

observations 

Postoperative diabetes insipidus: urinary loss >3 l/day 

associated with low urinary osmolarity requiring 

DDAVP substitution.  



Donofrio 2017 Absent NA Absent  Mortality rate: death occurring within 2 months from 

surgery or later as a direct consequence of postoperative 

complications.  

Major complications: diseases or injuries following 

surgery that were potentially fatal, resulted in permanent 

defect, required reoperation, or readmission to the 

hospital. Minor complications: less serious side-effects. 
Surgical complications: intracranial hemorrhages, 

meningitis, CSF rhinorrhea, visual worsening, 

oculomotor nerves palsy, and oro-rhino-sinusal 

complications, such as epistaxis, nasal septal perforation, 

sphenoid sinusitis, mucocele and oral infections.  

Medical complications: venous thrombo-embolism, 

systemic infections, cardiac arrhythmias, cardiovascular 

events, and psychosis.  
Water and electrolyte disturbances: diabetes insipidus 

and isolated hyponatremia.  

Permanent diabetes insipidus: polyuria (>30ml/kg 

bodyweight/24h) associated with urinary osmolality 

lower than plasmatic osmolality ensuing soon after 

surgery and lasting for at least 2 months.  

Isolated hyponatremia: postoperative serum Na <132 

mmol/l, severe if <125 mmol/l. 



Magro 2016 Absent NA Gross total 

resection: 

100%.  

Subtotal 

resection: 

>90%.  

Partial 

resection: 

<90%. 

Based on the 

surgeon’s 

observation and 

the postoperative 

MRI.  

Ophthalmologic complications: impairment of visual 

field or visual acuity, transient or permanent, oculomotor 

nerve palsy.  

Endocrine complications: new anterior pituitary 

deficiency and diabetes insipidus.  

Surgical approach complications: CSF leak, vascular and 

oro-naso-facial complications.  

Bacterial meningitis: postoperative clinical meningism, 

abnormal white blood cells in CSF, and elevated protein 

and/or low glucose levels in CSF, even without 

identification of bacteria in culture. 

Pennacchietti 2016 Remission: 

Cushing's disease: hypocortisolemia, low or 

normal 24-hour UFC, or salivary cortisol and/or 

cortisol suppression <1.8 μg/dl after 1 mg 

dexamethasone. Acromegaly: normalized levels 

of IGF-1 and post-glucose GH levels <0.4 μg/l. 

3 months Absent  Absent 

 

 
ACTH, adrenocorticotroph hormone; CT, computerized tomography; DA, dopamine agonists; DM, diabetes mellitus; DST, dexamethason suppression test; GH, 

growth hormone; IGF-1; insulin-like growth factor-1; ITT, insulin tolerance test; MRI, magnetic resonance imaging; Na, sodium; NA, not applicable; NFA, non-

functioning adenoma; OGTT, oral glucose tolerance test; PRL, prolactin; SERM, selective estrogen receptor modulator; SIADH, syndrome of inappropriate ADH 

secretion; TSH, thyroid stimulating hormone; TSHoma, thyroid stimulating hormone-secreting pituitary adenoma; UFC, urinary free cortisol; ULN, upper limit of 

normal.  

  

 


