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Abstract 

Objective: The natural history of non-functioning pituitary macroadenomas (NFPMA) after 

surgical resection is variable, with guidelines unable to define the duration of radiological 

follow up. In this first Australian series, we identify risk factors for regrowth/recurrence of 

NFPMA to assist with guiding recommendations for long-term follow-up.        

Design: Retrospective analysis of all radiotherapy naïve cases with NFPMA resected between 

1995 – 2013.  

Patients: One hundred and twenty-three cases had both ≥ 2 post -operative scans and ≥ 12 
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months follow up.  

Measurements: Regrowth was defined as any sustained increase in diameter of residual 

adenoma or recurrence as any new adenoma occurring post complete resection on serial 

pituitary MRI.  

Results: Median follow up time was 48 months (IQR 31-86).  Overall regrowth/recurrence 

occurred in 29% (36/123). Regrowth occurred in 40% (30/76) at a median time of 44.5 

months (IQR 22-80) compared to recurrence of 12.5% (6/48) (p=0.003), occurring at a 

median time of 48 months (IQR 12-96) (p=0.7). Further treatment was required in 66.7% and 

56.7% respectively (p=1.0). Risk factors for regrowth/recurrence by multivariate analysis 

were presence of residual disease and younger age at presentation. The longest time for 

regrowth was 168 months (14 years), and recurrence 156 months (13 years).  

Conclusions:  Presence of post-operative residual adenoma and younger age at presentation 

are the main predictors of regrowth/recurrence in NFPMA.  Long-term serial imaging is 

required to detect regrowth and recurrence in younger patients and those with residual 

disease. Most regrowth/recurrences will occur within 10 years of follow up.   

 

Introduction 

Trans-sphenoidal surgery is the treatment of choice for non-functioning pituitary 

macroadenomas (NFPMA), which exhibit symptoms of mass effect including visual 

disturbance, headache and impaired pituitary hormone function.  The natural history of most 

un-operated NFPMA is to grow over time, gradually exerting mass effect on surrounding 

structures1. The long-term outcome of NFPMA following surgery has been considered 

unclear, with varying rates of regrowth and recurrences from data across the world. However, 

data are consistent that the presence of residual disease is a strong risk factor for regrowth. 

What remain poorly defined are other risk factors for regrowth/recurrence, optimal 

management of residual disease and optimal duration of long-term radiological surveillance2, 

3

Historically cases with residual disease were treated with post-operative radiotherapy to 

prevent regrowth.  This practice developed due to post-operative regrowth rates of up to 75% 

seen when resection was performed via the trans-cranial approach

.  

4. Some authors5-7, 

including a most recent guideline2, continue to advocate this practice for those with residual 

disease. Post-operative radiotherapy is very effective at reducing regrowth rates8 but there is 

an increased risk of de novo pituitary insufficiency, visual field deficits, cognitive 
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dysfunction, cerebrovascular disease and possibly secondary intracranial tumours9.  More 

recently, radiotherapy has been targeted to those considered to be at high risk of regrowth or 

recurrence, although what defines “high risk” is not well understood.  Many series have 

documented the regrowth/recurrence rate for a subset of patients who did not receive post-

operative radiotherapy as they were deemed low risk, introducing a significant selection bias8, 

10-12.  These studies of low risk populations report recurrence free survival of 82-90% at 5 

years and 56% at 10 years11, 12. Studies documenting unselected radiotherapy naïve cases 

report 5-year recurrence free survival rates of 39-77%5, 7, 13, 14

The optimal duration of radiological follow up of operated NFPMA remains poorly defined, 

with a recent systematic review and guideline being unable to conclude the duration of time 

or frequency of follow up for those with or without residual disease, nor those given 

radiotherapy

. 

3

 

. 

We describe surgical outcomes and regrowth rate of NFPMA from a single Australian centre 

and identify risk factors that may predict regrowth/recurrence, to assist with planning of long-

term radiological follow up. At our centre, secondary interventions such as post-operative 

radiotherapy or further surgery are reserved until regrowth or recurrence is demonstrated on 

radiological follow up; this decision made by consensus opinion of the pituitary multi-

disciplinary team (MDT).  This is the first published series from a single Australian centre. 

 

Methods 

All cases who underwent initial pituitary surgery for NFPMA between April 1995 and 

December 2013 were reviewed. Ethics approval was obtained from the local Human Research 

Ethics Committee.  Diagnosis of NFPMA was based on the presence of a pituitary adenoma 

≥1cm in maximal diameter without biochemical evidence of hormonal hypersecretion 

confirmed by histological and immunohistochemical assessment. 

 

Review of the medical histories was undertaken to obtain clinical, hormonal, ophthalmologic 

and radiological details.  Visual fields were defined as normal or abnormal based on 

computerized visual field testing.  Multiple hormone deficiency (MHD) was defined by the 

hypofunction of at least 2 individual hormone axes. Details and definitions of hormone 

deficiencies have been previously described15

 

.  
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Post-operative pituitary imaging was performed at 3 and 12 months and then annually or as 

clinically indicated.  All cases were followed with serial MRI pituitary except four who had 

CT due to MRI contraindications. Pre- and post-contrast images were obtained.  Scans were 

reported by different radiologists throughout the follow up period but also reviewed by the 

primary neurosurgeon with the multidisciplinary team of endocrinologists and radiation 

oncologists who reviewed the case notes and imaging for each patient as part of routine 

follow up. 

   

Initial adenoma was classified by Hardy classification and measured by the largest diameter 

in millimetres (mm). Operative resection was classified as complete or incomplete based on 

the presence of adenoma remnant on the first post-operative scan.  Cases with regrowth or 

recurrence were treated on an individual basis with a combination of repeat surgery, 

radiotherapy or close observation, as recommended by the MDT.   

 

Recurrence was defined as any new radiologically detected pituitary adenoma after initial 

complete resection.  Regrowth was defined as a sustained increase in size of residual adenoma 

tissue in any dimension ≥2mm detected by the reporting radiologist and confirmed by the 

MDT compared to the residual adenoma measured on the baseline post-operative scan.   

 

Statistical analysis 

Results are expressed as mean ± standard deviation (SD) for parametric variables and median, 

interquartile range for non-parametric variables.  Categorical variables were analysed using 

contingency tables and Fisher’s exact test. Continuous variables were analysed using the 

unpaired t test.  Univariate and multivariate analysis were used for risk factors of 

regrowth/recurrence.  Statistical significance was set at p < 0.05, data was analysed using 

STATA 11.0; StataCorp, TX, USA.  

Kaplan Meier curves were generated to describe total time at risk.  Lifetables were used to 

determine 5 and 10 year survival rates.   Log rank tests and univariate Cox regression was 

used to compare the survival rates of each variable.  Based on univariate analysis, residual 

size and location, immunohistochemical staining, apoplexy and surgeon were excluded from 

multivariate analysis.  Initial adenoma size was excluded from the multivariable model due to 

the number of missing observations.  Age was analysed by quintiles with 41 and under being 

the youngest age group.  This was included in the model as a binary variable (41 and under 
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versus > 41), however similar results were produced if age was used as a continuous variable.  

Given the increased regrowth/recurrence likely to be seen with longer duration of follow up, 

outcomes were adjusted for follow up duration in the current study. 

 

Results 

A total of 177 (97 male) consecutive operated NFPMA cases were identified.  The median 

age at diagnosis was 57 years (IQR 45 - 69) (Table 1). Three (1.7%) had immediate post-

operative radiotherapy due to large post-operative remnant; these were excluded from the 

regrowth/recurrence analysis.  In total, 123 cases (69.5%) had more than 12 months follow up 

and at least two post-operative scans.   

 

Mode of presentation and hormonal status 

61% (108/177) of cases presented due to symptoms of mass effect or hormonal dysfunction, 

10.7% (n=19) presented with apoplexy, the adenoma was discovered incidentally on imaging 

performed for other reasons in the remaining 28.2% (n=50, Table 1).  69% (118/177) of cases 

reported visual disturbance at baseline, bitemporal hemianopia in 33.3% (57/117).  Post-

operative visual improvement occurred in 88% (73/88). 

 

Mean pre-operative prolactin concentration was 639 ± 528 mIU/L (range 14 - 3303 mIU/L).  

Prolactin was >2000mIU/L in 2.7% (4/148) cases. Over 58% of cases had at least one axis 

deficiency pre-operatively, and more than one third had MHD.  At 6 months post-operatively, 

38% had MHD (Table 1).  

 

Surgery 

Surgery was performed by the primary surgeon (P McN) in 72% (127/177) of cases; the 

remainder being performed by one of five other neurosurgeons.  The trans-sphenoidal 

(microscopic) technique was utilised in 161 (91%), trans-sphenoidal (endoscopic) in 15 (8%) 

and one case underwent craniotomy (1%).  The majority, 88.1% (156/177) underwent 1 

procedure, 9.6% 2 procedures and 2.3% 3 procedures during the follow up period (Table 1).  

 

Post-operative complications 

One or more post-operative complications occurred in 32.2% (57/177) of cases at first surgery 

(Table 1).  This included the syndrome of inappropriate anti-diuretic hormone (SIADH) 8% 

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



This article is protected by copyright. All rights reserved 

(14), transient DI 15.3% (27), permanent DI 6.8% (12), CSF leak 4.5% (8) and cardiac events 

1.1% (2).  One patient needed removal of retained nasal packs (0.6%).  There were 2 cases of 

significant post-operative bleeding; 1 case on warfarin, who had a pre-operative INR of 1.2 

and the other case who required urgent surgery due to pituitary apoplexy post coronary artery 

bypass grafting (CABG) treated with tirofiban and intravenous heparin. There were 3 (1.7%) 

cases of cerebrospinal fluid infection.  The primary surgeon had a lower complication rate 

compared to the others combined (p=0.04), which was more marked if transient DI was 

excluded from the analysis (p=0.02). 

 

There were 10 deaths during follow up. One occurred within 3 months of operation in a 52 

year old female who developed pituitary apoplexy whilst thrombocytopenic in the setting of 

chemotherapy for acute myeloid leukemia.  She died one week post operation due to 

ventricular fibrillation during neutropaenic sepsis. The remaining 9 deaths occurred between 6 

months and 9 years of follow up: cause of death was unrelated malignancy (3 cases), 

cerebrovascular accident (2 cases) or unknown causes (4 cases).  Median age of death of cases 

was 79 years (IQR 68.5 – 82.5).  

 

Immunohistochemistry was available for 174 adenomas.  The majority, 46%, were null cell 

adenomas and 6.3% were silent ACTH adenomas (Table 1).   

 

Regrowth/Recurrence 

Analysis of adenoma regrowth or recurrence was undertaken on 123 cases. Of the original 

cohort (177), 54 cases were excluded; 34 had less than 12 months follow up at our centre, 17 

failed to attend their 2nd

 

 post-operative scan and 3 cases underwent immediate post-operative 

radiotherapy.  9 cases underwent repeat surgery due to stable large post-operative residual; 

these cases were not classified as having regrowth.  Follow up was until regrowth/recurrence 

was detected or most recent recorded MRI.  Median follow up time was 48 months (IQR 31 - 

86).  There was a similar duration of follow up for those with and without 

regrowth/recurrence.     

Residual adenoma was demonstrated in 61% (76/123) of cases on the first post-operative 

scan, with 40% (30/76) located intrasellar, 8% (6/76) suprasellar and 49% (37/76) involving 

one or both cavernous sinuses.  The location of residual adenoma, was unrecorded in 2/76 
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cases.  Those where the initial scan was unclear as to the presence of residual adenoma were 

classified according to the result of the 2nd

   

 post-operative scan. 

The overall rate of regrowth and recurrence was 29% (36/123).  Regrowth of adenoma was 

observed in 40% (30/76) at a median time of 44.5 months (IQR 22-80) compared to 

recurrence of 12.5% (6/48) (p=0.003), occurring at a median time of 48 months (IQR 12-96).    

There was no significant difference in the time to regrowth versus recurrence (p=0.7, Table 

2).   Two cases of adenoma growth were detected at > 10 years follow-up: a regrowth at 168 

months (14 years) and a recurrence at 156 months (13.3 years).   

 

Overall 5 and 10-year progression-free survival rates were 77% and 50% respectively.  

Progression-free survival amongst the cohort with no post-operative residual adenoma seen 

on initial scan was 92% at 5 years and 77% at 10 years compared to 67% and 38% in those 

with post-operative residual adenoma (p=0.07 and p=0.007 respectively, Table 2 and Figure 

1).    

 

In the 36 cases with regrowth or recurrence, intervention was required in 21/36 (58%), 

consisting of repeat surgery in 33% (n=7), radiotherapy in 38% (n=8) and both modalities in 

29% (n=6).  The remaining 42% (n=15) cases were observed, with further serial imaging 

planned.  Rates of treatment and observation were similar between those with regrowth or 

recurrence (Table 2). 

 

Significant factors associated with regrowth/recurrence after multivariate analysis were 

presence of post-operative residual adenoma (p=0.0008) and younger age at presentation 

(p=0.0001). Univariate analysis indicated that there was a regrowth rate reduction of 

approximately 3% for every year older a subject was at presentation.   The rate of regrowth 

remained 4.2 times higher in individuals 41 and younger compared to those aged over 41, 

after accounting for gender and the presence of residual disease (Figure 2).  The rate of 

regrowth remained 4.8 times greater than recurrence, after accounting for gender and age 

(Figure 1). 

 

Larger baseline adenoma size was a predictor of regrowth/recurrence (p=0.05, Table 3) 

however was not included in the multivariate analysis as there were 19 cases where these data 
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were missing.  However, this association may still be significant given the likelihood that the 

cause for the missing data was random. 

 

On univariate analysis, males with residual disease were significantly more likely to regrow 

than females with residual disease (52.5% vs 25.7%, p=0.03), but the effect of gender was not 

significant when examining regrowth and recurrence combined (p=1.00) (Table 2). There was 

no association with risk of regrowth/recurrence and presence of extra sellar adenoma at 

baseline (p=0.6), extra sellar residual (p=1.0) (Table 3), size of residual adenoma (p=0.2), nor 

presentation with apoplexy (p=0.3) (Table 3). Regrowth/recurrence requiring treatment was 

strongly predicted by extra sellar adenoma at baseline (p< 0.01), but not extra sellar residual 

(p=0.6) nor apoplexy (p=1.0).  

 

Adenomas with invasion into one or more cavernous sinuses were less likely to be completely 

resected (p=0.01), however this did not predict regrowth or lack thereof. There was no 

difference between surgeons in terms of risk of residual adenoma (p=0.5) nor post-operative 

regrowth/recurrence (p=0.10).  

 

There were 13 cases with apoplexy. None of the 8 apoplexy cases without residual disease 

had recurrence, however, regrowth was observed in 2 out of 5 with apoplexy who had 

residual adenoma.  

 

Immunostaining for ACTH was not associated with increased risk of regrowth/recurrence 

(p=0.76), although numbers were small.   

 

Discussion  

In this first Australian series of operated NFPMA, we have described the natural history of 

regrowth/recurrence in an unselected cohort of radiotherapy naïve cases. The two major risk 

factors are the presence of residual disease and younger age at diagnosis. Other studies have 

demonstrated that residual disease strongly predicts adenoma regrowth5, 8, 10.  An association 

between younger patient age and risk of regrowth/recurrence has been shown by some 

investigators5, 7, 16, 17, although not all6, 11, 13, 18

 

.  

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



This article is protected by copyright. All rights reserved 

Even in expert hands, the presence of residual disease is a frequent finding post-surgery. 

Single centre series of NFPMA throughout the world report rates of residual disease between 

54-80% cases, similar to our finding of 61%5, 7, 13, 14, 16, 18, 19. An exceptionally low rate of 

residual disease of 32% was achieved by a recent Korean group using the traditional 

microscopic technique6

 

.  

There is inconsistency in the rate of regrowth and recurrence in radiotherapy naïve series 

throughout the world literature. Series from Europe5, 8, 16, Korea6 and Israel14 report regrowth 

rates between 42-59% over mean of 4-6 years of follow up and recurrences in 6.9-20% . 

Notably, the lowest rates of regrowth/recurrence observed over long follow up periods 

occurred in an Irish7, Dutch19 and North American series18, with regrowth of 33.5%, 14% and 

28%, and recurrences of 0% (0/26), 0% (0/27) and 5.2% (13/248) respectively. A French 

series by Sotos-Ares et al13

 

, also reported low rates, but this could be explained by a shorter 

follow up of period of mean 2.3 years (38.2% regrowth and 0% (0/7) recurrence).   

Invasive nature of adenoma at baseline is a predictor of regrowth/recurrence in some studies14, 

17, 20. This may be the case as those with larger, more invasive and possibly more aggressive 

adenomas at baseline are likely to have a more extensive remnant.  Unlike the study by 

Greenman et al.14, pre-operative adenoma invasion into the cavernous sinuses did not predict 

regrowth/recurrence in the present study, however it was associated with risk of post-

operative residual adenoma.  Given post-operative remnant is a well described risk factor for 

regrowth5, 8, 10

 

, the association in those with invasive adenoma at baseline may, therefore, 

more accurately reflect the likelihood of residual disease in these subjects.  

Some authors argue that the volume7, 13 or location7, 14

 

 of remnant predicts adenoma  

regrowth. Extent and location of remnant may be a marker of an aggressively growing 

adenoma, which is more likely to regrow. However, in our series neither size (measured as 

maximal adenoma diameter) nor location of residual adenoma were predictors of 

regrowth/recurrence. Our findings would suggest that having any residual, irrespective of 

location, has the propensity for regrowth.    

In our series, the majority of surgeries were undertaken by one surgeon. We did not find any 

difference in the prevalence of residual disease, nor the risk of regrowth/ recurrence between 

the primary surgeon compared to the other surgeons. 
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In our series, younger age of diagnosis was a significant factor predicting 

regrowth/recurrence. We demonstrated a 3% increase in relative risk of regrowth/recurrence 

for every year younger a patient was at the time of presentation. Meaning there was a lower 

risk of regrowth/recurrence in patients presenting with NFPMA later in life. The older a 

patient was at time of presentation, the less likely they were to suffer regrowth/recurrence.  

This observation allows clinicians greater confidence when electing to decrease or cease 

surveillance in the elderly.  Four European studies have found younger age to be a risk factor5, 

7, 16, 17, but this was not substantiated in the Korean6, North American18, nor two European 

series11, 13

 

. 

On univariate analysis, we found that amongst those with residual adenoma, males were more 

likely to exhibit regrowth than females.  This association has not found by others, and 

contrary to our findings, Park and colleagues found an increased risk of regrowth in female 

cases on univariate analysis21

 

. 

A previous study showed immunohistochemical staining for ACTH was associated with more 

aggressive recurrence but not increased recurrence rates22.  In contrast, a more recent and 

larger study has shown a sub-group of silent corticotroph adenomas do have a higher 

recurrence rate23. We did not demonstrate an association between ACTH staining and 

propensity for regrowth/recurrence, however numbers were small. Mixed staining was not 

associated with any increase in regrowth/recurrence, in contrast to another series which 

reported an increased propensity for regrowth/recurrence in those with mixed staining and 

those who did not stain positive for gonadotrophins20

 

. 

In this study we have not reported proliferative marker Ki67 expression or p53 

immunoreactivity, as these have only been utilised in recent years at our centre.  The 2004 

World Health Organisation classification of atypical pituitary adenoma includes invasive 

growth, increased mitotic activity, high p53 immunoreactivity and Ki67 labelling index above 

3%.  Atypical adenomas can constitute up to 15% of pituitary adenoma24, however the utility 

of these markers is still unclear in typical pituitary adenomas25

 

.   

Pituitary apoplexy may have a lower risk of regrowth/recurrence possibly relating to apoplexy 

predicting the absence of residual adenoma12, 17. Although not reaching statistical significance 
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due to small numbers, our data support that the presence of any residual disease following 

apoplexy remains a risk factor for regrowth. This is also supported by data from Oxford, 

where regrowth occurred in 3 of 27 cases of apoplexy, with all 3 having residual disease26

 

.  

A pertinent clinical question posed by Reddy et al. is when to stop imaging those with 

operated NFPMA who are not irradiated5. The authors were unable to define a time point 

from their study but adenoma growth occurred in cases after 10 years. They therefore 

concluded that imaging should continue indefinitely and recommended that early irradiation 

should be considered in those with post-operative extrasellar adenoma5.  The French 

Endocrine Society’s recent consensus paper addresses the frequency of follow-up imaging, 

suggesting annual imaging for the first 5 years then every 2-3 years in a case dependent 

manner in those with residual disease27. In those without residual disease, imaging should 

occur annually for the first 5 years, then at 7, 10, 15 years: before ceasing. In our series the 

longest recurrence after complete resection occurred at 13 years but Reddy et al. reported 

20% of recurrences occurring after 10 years follow-up, including one case at 25 years5

 

. 

Regardless of the presence of residual disease, we would advocate the indefinite scanning of 

those diagnosed at or before age 40. It must be highlighted that in all published series, the 

majority of cases with regrowth/recurrence will occur within 10 years of surgery. 

Although extremely effective at preventing regrowth, we do not advocate routine post-

operative radiotherapy for cases with residual adenoma, as half of cases will have been 

unnecessarily exposed to longer-term risks. Emerging interest in the use of the dopamine 

agonist, cabergoline, in preventing regrowth, with small, non-randomised studies (totalling 

approximately 100 cases) reporting regrowth rates of approximately 14% in those treated with 

cabergoline compared to 42% of those not treated28-33

 

. In these studies, doses of cabergoline 

varied from 1-3mg weekly, with variable follow up between 6 months to 6 years. Given 

approximately half of cases with residual disease will regrow, half of whom require a second 

intervention, interest in cabergoline for prevention of regrowth will continue. Prospective 

randomised studies are required to address this clinical question. 

The main limitations of our study are inherent to its retrospective nature. We were able to 

follow up 70% of the operated cohort. Some cases were inevitably lost to follow up or 

followed up by private practitioners, however this is common to most series. We analysed 

adenoma size by maximum adenoma diameter instead of volume. Recently it has been shown 
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that volumetric measurement correlates with maximal adenoma diameter34. Currently this 

technique is not widely used clinically, but shows promise to calculate growth rates which 

may predict need for intervention35

 

.  

Regrowth/recurrence of NFPMA after surgery is more likely in the presence of residual 

disease and in those who are younger at time of presentation. Males with residual disease are 

at increased risk of regrowth. We advocate lifelong imaging for those diagnosed at < 41 years 

of age, irrespective of the presence of residual disease. In most cases that have shown 

regrowth or recurrence, initial observation is possible, but MDT discussion should guide 

further management.  
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Figures & Tables 

 

Figure 1. Kaplan-Meier survival for regrowth/recurrence in those with and without residual 

disease. 

 

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



This article is protected by copyright. All rights reserved 

 

 

CI: Confidence interval 

Analysis time in months 

 

 

Figure 2. Kaplan-Meier survival for regrowth/recurrence by age. 
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Table 1. Baseline Demographical Details 

CSF: cerebrospinal fluid 

DI: diabetes insipidus 

IQR: interquartile range 

%: percentage 

 

  

 

Table 2.  Characteristics of those with Regrowth/recurrence 

IQR: interquartile range 

 

Table 3. Determinants of Regrowth/recurrence 

IQR: interquartile range 
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Table 1. Baseline Demographical Details 

Gender (%) 

Male 

Female 

 

97 (54.8%) 

80 (45.2%)  

Age years (Median (IQR)) 

Male 

Female 

57 (45 – 69) 

57 (45 – 69) 

54.5 (44.5 – 67) 

Presentation (%) 

Incidental 

Symptomatic 

Apoplexy 

 

50 (28.2%) 

108 (61%) 

19 (10.7%) 

Headache (%) 69/177 (40%), 69/108 (63.8%) symptomatic 

cases 

Loss of libido/ impotence males (%) 29/97 (29.9%) 

Oligo/Amenorrhoea (%) 25/30 (83.3%) 

Galactorrhoea females(%) 10/32 (31.3%) 

Visual abnormality (%) 118/171 (69%) 

Surgical Technique 

Microscopic 

Endoscopic 

Transcranial 

 

161 (91%)  

15 (8.5%) 

1 (0.6%) 

Number of Surgeries 

1 surgery 

2 surgeries 

3 surgeries 

 

156 (88.1%) 

17 (9.6%) 

4 (2.3%) 

Hormonal Deficiency Status 

Gonadal 

Thyroid 

Adrenal 

Permanent DI 

Multiple (≥2) 

Pre-operatively                   6 months post-op. 

67/114 (58.7%)                    65/108 (60.2%) 

39/121 (32.2%)                    38/115 (33%) 

35/119 (29.4%)                    46/116 (39.6%) 

0/177 (0%)                           12/177 (6.8%) 

42/120 (35%)                       43/112 (38%) 

Surgical Complications 

Transient DI 

Total 177                   McN 127       Others 50 

27 (15.3%)                18 (14.2%)      9 (18%) 
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CSF: cerebrospinal fluid 

DI: diabetes insipidus 

IQR: interquartile range 

%: percentage 

SIADH: syndrome of inappropriate anti diuretic hormone 

 

Permanent DI 

CSF leak 

SIADH 

Significant infection 

Significant bleeding 

Cardiac events 

Other – retained nasal packs 

Total cases with ≥1 complications 

12 (6.8%)                   6 (4.7%)         6 (12%) 

8 (4.5%)                     4 (3.1%)         4 (8%) 

14 (8.0%)                   8 (6.3%)         6 (12%) 

3 (1.7%)                     1 (0.8%)         2 (4%) 

2 (1.1%)                     1 (0.8%)         1 (2%) 

2 (1.1%)                     2 (1.6%)         0 

1 (0.6%)                     1 (0.8%)         0 

57 (32.2%)                 38 (29.9%)     23 (46%) 

Immunohistochemistry 

Null 

Mixed 

Pure LH/FSH 

Silent ACTH 

Necrotic 

TSH 

PRL 

GH 

 

80/174 (46.0%) 

37/174 (21.3%) 

28/174 (16.1%) 

11/174 (6.3%) 

8/174 (4.6%) 

6/174 (3.4%) 

3/174 (1.7%) 

1/174 (0.6%) 
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Table 2.  Characteristics of those with Regrowth/ Recurrence 

 

 Regrowth if 

residual adenoma 

(N=30) 

Recurrence if no 

residual adenoma 

(N=6) 

P Value 

Time to growth (months) 

Median (IQR) 

 

42 (24-84) 

 

48 (12 – 96) 

 

0.7 

Progression Free Survival 

5 years 

10 years 

 

67% 

38% 

 

92% 

77% 

 

0.07 

0.007 

Gender 

Male 

Female 

 

21/40 (52.5%) 

9/35 (25.7%) 

 

4/31 (12.9%) 

2/17 (11.8%) 

1.00 

0.001 

0.47 

Recurrence / Regrowth requiring 

intervention  

17/76 (22.3%) 

17/30 

4/48 (8.3%) 

4/6 

0.67 

Intervention 

Observation 

Intervention 

      Surgery alone 

      Radiotherapy alone 

      Surgery & Radiotherapy 

 

13/30 (43.3%) 

17/30 (56.7%) 

     7  (23.3%) 

     5 (16.7%) 

     5 (16.7%) 

 

2/6 (33.3%) 

4/6 (66.7%) 

     0  (0%) 

     3 (50%) 

     1 (16.7%) 

 

1.00* 

 

IQR: interquartile range 
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Table 3. Determinants of Regrowth/ Recurrence 

 

 Regrowth/ 

recurrence (N=36) 

No regrowth 

(N=87) 

P value 

Residual 

No residual 

30 

6 

45 

42 

0.0008 

Age at diagnosis Median (IQR) 

Overall 

Male 

Female 

Binary ≤ 41; > 41 

 

50 (39 – 62) 

54 (34-63) 

47 (39 – 63) 

 

57 (46-67) 

57 (46-68) 

57 (44-67) 

 

 

 

 

 

0.0001 

Adenoma size pre operatively 

Median (IQR) 

 

30 (23 – 36) 

 

26 (20.5 – 33) 

 

0.05* 

Duration of follow up 

Median (IQR) 

 

44.5 (21.5, 78) 

 

52 (32, 100) 

 

Gender 

Male  

Female 

 

25 

11 

 

46 

41 

 

0.2 

Location of residual adenoma  

Intrasellar 

Extrasellar 

Cavernous sinus 

 

10 

1 

18 

 

19 

5 

19 

 

 

1.0 

Apoplexy Cases 2 11 0.3 

Immunohistochemistry 

Null 

Mixed 

Pure LH/FSH 

Silent ACTH 

Other (Necrotic, TSH, PRL, 

GH) 

 

17 

9 

7 

3 

0 

 

 

38 

19 

12 

5 

13 

 

 

 

 

0.76 

 

IQR: interquartile range 

Mm: millimeters  
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