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Abstract

Objective: The European Reference Network on Rare Endocrine Conditions (Endo-ERN) 
aims to organize high-quality healthcare throughout Europe, including care for pituitary 
adenoma patients. As surgery is the mainstay of treatment, we aimed to describe the 
current surgical practice and published surgical outcomes of pituitary adenoma within 
Endo-ERN.
Design and Methods: Systematic review and meta-analysis of studies reporting surgical 
outcomes of pituitary adenoma patients within Endo-ERN MTG6 pituitary reference 
centers between 2010 and 2019. A survey was completed by reference centers on their 
current surgical practice.
Results:  A total of 18 out of 43 (42%) reference centers located in 7 of the 20 (35%) MTG6-
represented countries published 48 articles. Remission rates were 50% (95% CI: 42–59) 
for patients with acromegaly, 68% (95% CI: 60–75) for Cushing’s disease, and 53% (95% 
CI: 39–66%) for prolactinoma. Gross total resection was achieved in 49% (95% CI: 37–61%) 
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of patients and visual improvement in 78% (95% CI: 68–87). Mortality, hemorrhage, and 
carotid injury occurred in less than 1% of patients. New-onset hypopituitarism occurred 
in 16% (95% CI: 11–23), transient diabetes insipidus in 12% (95% CI: 6–21), permanent 
diabetes insipidus in 4% (95% CI: 3–6), syndrome of inappropriate secretion of 
antidiuretic hormone (SIADH) in 9% (95% CI: 5–14), severe epistaxis in 2% (95% CI: 0–4), 
and cerebrospinal fluid leak in 4% (95% CI: 2–6). Thirty-five (81%) centers completed the 
survey: 54% were operated endoscopically and 57% were together with an ENT surgeon.
Conclusion: The results of this study could be used as a first benchmark for the outcomes 
of pituitary adenoma surgery within Endo-ERN. However, the heterogeneity between 
studies in the reporting of outcomes hampers comparability and warrants outcome 
collection through registries.

Introduction

The European Reference Network on Rare Endocrine 
Conditions (Endo-ERN) aims to organize high-quality 
healthcare throughout Europe for patients with rare 
endocrine conditions. Through intensive collaboration 
between its reference centers, its aims include (i) to 
reduce and ultimately abolish inequalities in access to 
and quality of care by sharing knowledge between centers 
and facilitating training programs and (ii) to reinforce 
collaborative research needed to evaluate the care of these 
rare conditions (1). Eight main thematic disease groups 
(MTGs) define the European landscape of rare endocrine 
conditions. MTG6, ‘Pituitary’, includes three subthemes: 
pituitary adenoma, congenital hypopituitarism, and 
acquired hypopituitarism.

Pituitary adenomas comprise non-hormone-
producing adenomas and adenomas producing an excess 
of growth hormone (acromegaly), adrenocorticotropic 
hormone (Cushing’s disease), prolactin (prolactinoma), 
thyrotropin hormone (TSH-producing adenoma), and 
gonadotropins (gonadotropinoma). The incidence of 
these rare adenomas is low, ranging from 0.03 per 100,000 
person-years for TSH-producing adenoma (TSH-oma) 
to 1.80 per 100,000 person-years for non-functioning 
adenoma (2). Hence, the care for these patients is 
preferably organized in high-volume reference centers 
around multidisciplinary teams with accessibility to 
neurosurgical care, as current guidelines recommend 
transsphenoidal surgery as first-line treatment for the 
majority of adenoma subtypes, although many also 
need multimodality treatment (3, 4, 5, 6). Care for 
these patients is still challenging due to the lack of 
high-quality evidence-based multidisciplinary care 
guidelines, resulting in practice variation (7). Therefore, 
cross-border collaboration is needed in the form of 
expert (virtual) consultation for rare and complex cases 

and in the form of registries to collect high-quality data. 
This might especially hold true for ultra-rare cases for 
which even expert centers lack extensive experience, 
such as pituitary tumors in children, aggressive pituitary 
tumors, refractory tumors, and conditions like TSH-
oma or gonadotropinoma. Within a country or region, 
reference centers often fulfill a key network function 
to also ensure high-quality care in regional referring 
hospitals.

Historically, the outcomes of pituitary adenoma 
resection are published per center on a voluntary and ad 
hoc basis, with a large variety in definitions and choice 
of measured outcomes, which hinders comparability of 
these studies. Collaboration between centers is needed to 
provide scientifically solid studies on these rare conditions. 
To facilitate these kinds of collaborations, the third EU 
health program funded and constructed ERN-wide patient 
registries, the European Registries for Rare Endocrine 
Conditions (EuRRECa), which is the first coordinated, 
EU-funded clinical research effort carried out in all ERNs 
(7). The EuRREca serves the Endo-ERN and facilitates data 
collection and subsequently comparability and pooling of 
data between centers (7).

The aim of this study is to describe the published 
surgical outcomes and current surgical practice of pituitary 
adenoma at Endo-ERN Pituitary Reference Centers. 
Furthermore, we examined the reported terminology on 
remission, resection grade, and surgical complications as 
reported in these publications. These results will enable 
benchmarking of surgical outcomes within Endo-ERN, 
which can be used as a starting point for initiatives to 
improve surgical care across Europe. It also facilitates the 
development of a minimum core outcome set for the 
measurement of uniform outcomes within European 
registries.
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Methods

Study design and concept

This study consisted of three steps. First, we performed a 
systematic literature search for a systematic review and 
meta-analysis on the outcomes of pituitary adenoma 
resection within Endo-ERN. Secondly, for the identified 
articles, we assessed how authors defined remission, 
resection grade and complications, and potential (other) 
sources of bias. Thirdly, reference centers completed a short 
survey on their current pituitary surgery practice.

Literature search and data extraction
We performed a literature search in PubMed and Embase 
to identify all surgical publications reported by Endo-ERN 
MTG6 pituitary reference centers between January 2010 
and September 2019. Search terms were the names of the 
reference centers’ representatives as known on October 
2019. These names were combined with a previously 
used search strategy for pituitary surgery (8). Articles 
were eligible if they reported surgical outcomes of non-
congenital pituitary patients with acromegaly, Cushing’s 
disease, prolactinomas, and non-hormone-producing 
adenomas, operated in MTG6 pituitary reference centers. 
Although Endo-ERN is especially of value for patients 
with ultra-rare conditions (e.g. TSH- and gonadotropin-
producing adenoma), parasellar masses, and exceptional 
presentations (e.g. pediatric, giant or aggressive tumors, 
or apoplexy), this study did not focus on these adenoma 
subtypes, as no reliable study-level meta-analyses can be 
conducted for these conditions, due to the small number 
of published studies describing a small number of patients. 
Articles reporting the outcomes of one or more MTG6 
pituitary reference centers but not separately from non-
MTG6 centers were excluded from the main meta-analyses. 
However, the publications are still presented in the 
systematic review part, as we acknowledge that reference 
centers often have a key network role in their region.

The following data points were extracted from each 
article, if possible, separately for different adenoma types: 
authors, year of publication, number of described patients, 
used surgical technique (endoscopic vs microscopic 
including endoscopy-assisted), percentage of patients 
in remission, percentage of patients with gross total 
resection, percentage of patients with visual improvement 
in those with preoperative visual impairment, percentage 
of patients with surgical complications, percentage of 
mortality, and patient-reported outcomes (e.g. health-
related quality of life (HRQoL)). No a priori selection was 

made for specific surgical complications, and therefore, 
all complications as reported by the original article were 
extracted. Data extraction was performed by one reviewer 
and controlled independently by a second reviewer.

The preferred reporting items for systematic reviews 
and meta-analyses statement was followed for unbiased 
reporting (9).

Evaluation of used definitions of remission, resection 
and complications, and potential sources of bias
From the articles included in the systematic review, we 
extracted the definitions of remission for hormone-
producing adenomas and for all adenoma types, 
the definitions of degree of resection and surgical 
complications, as reported by the authors of the original 
publications. Absence of these definitions in the original 
reports or use of unclear definitions may result in 
information and classification bias. For the same reason, 
we assessed whether studies reported if the results were 
described after first surgery or reoperation.

Survey among representatives of the MTG6 pituitary 
reference centers
Using a survey, the identified articles from the literature 
search were presented to the healthcare representatives of 
each MTG6 pituitary reference center and articles missed 
with the literature search were identified. Furthermore, the 
survey included items regarding (i) the standard surgical 
technique (endoscopic or microscopic), (ii) if applicable, 
transition year to the endoscopic technique, (iii) the 
number of pituitary neurosurgeons and ENT surgeons, (iv) 
percentage of dedicated time of each surgeon to perform 
pituitary surgery, and (v) identification of non-Endo-ERN 
pituitary centers of excellence within the country of the 
reference center.

Statistical analysis

Main analysis
For the main analyses, studies reporting data on adult 
patients treated within MTG6 centers were used. Pooled 
results are reported with 95% CI for the percentage of 
patients achieving biochemical remission, gross total 
adenoma resection, visual improvement in those with 
preoperative impairment, and surgical complications. 
Biochemical remission was analyzed separately for patients 
with GH-, ACTH-, and prolactin-producing adenomas. 
Gross total resection was analyzed for all patients together 
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and for non-functioning and hormone-producing 
adenomas separately. Complications were analyzed 
without distinction between adenoma types.

Secondary analysis
Where possible, outcomes were also analyzed separately 
for studies that solely used the endoscope or microscope 
for pituitary surgery. Moreover, analyses were also 
performed excluding studies that explicitly reported to 
have included outcomes after repeat surgery. Furthermore, 
subgroup analyses were performed for studies describing 
complications in patients with hormone-producing 
adenomas and also separately for patients with acromegaly 
and Cushing’s disease. We were unable to perform analyses 
for other subgroups, due to paucity of data.

Statistical methods employed
Random-effects meta-analysis was used, following the 
Dersimonian and Laird method (10). A Freeman-Tucky 
double arcsine transformation was performed to include 
studies with 0 or 100% outcomes (11). In-between study 
heterogeneity was described with I2. Analyses with less 
than three studies were omitted.

All statistics were performed using IBM SPSS 
Statistics for Windows version 23.0 and Stata version 14.1 
(StataCorp).

Systematic review
The following publications were presented in a systematic 
fashion without meta-analyses: (i) publications from 
Endo-ERN representatives with patient data from non-
Endo-ERN centers, (ii) studies describing patient data from 
both ERN centers and non-Endo-ERN European centers, 
without separate presentation of Endo-ERN center data, 
and (iii) studies in a pediatric patient population within 
Endo-ERN.

Results

Pituitary surgery practice

A total of 35 (81%) centers completed the survey about 
their current pituitary surgery practice. Out of these 35 
centers, 19 (54%) centers only perform pituitary surgery 
using an endoscope, 11 (31%) centers use both endoscopic 
and microscopic techniques, and 5 (14%) centers only 
perform microscopic pituitary surgery. Six centers (32%) 

transitioned to endoscopic surgery before the year 2000 
and ten centers (53%) before the year 2010. A median of 
three pituitary surgeons (range: 1–8) work within the 
Endo-ERN centers. All centers have neurosurgeons working 
as a pituitary surgeon and 20 centers (57%) also have ENT 
surgeons. Dedicated time for pituitary care was less than 
25% of their practice for 10 centers, 25–50% for 14 centers , 
51–75% for 9 centers , and more than 75% of their practice 
for 2 centers.

Distribution of publications of pituitary surgery 
outcomes within Endo-ERN

A total of 1178 articles were screened for title and 
abstract, 79 of which were read full-text. An additional 
two articles were identified with the survey among 
healthcare representatives of the reference centers. A 
total of 48 articles were identified, describing 52 groups 
of patients operated in an Endo-ERN Reference Center 
(Fig. 1). Details of individual studies are described 
in Supplementary Tables 1 and 2 (see section on 
supplementary materials given at the end of this article). 
In addition, we identified five articles describing the 
outcomes of patients operated by a MTG6 representative 
in a non-Endo-ERN center, five articles that did not report 
outcomes separately for patients operated in an Endo-
ERN center, and one study in a pediatric population. 
Details of these studies are described in Supplementary 
Tables 3 and 4.

A total of 18 of the 43 (42%) reference centers 
published their outcomes of pituitary surgery (Fig. 2). 
These reference centers were located in 8 (40%) of the 
20 countries with an MTG6 pituitary reference center. 
Outcomes of acromegaly (1520 patients, 23 studies, as 
included in the main meta-analyses) were published 
by 13 (30%) centers located in 7 (35%) countries, 
Cushing’s disease (1798 patients, 26 studies) by 13 
(28%) reference centers located in 6 (30%) countries, 
prolactinoma (452 patients, 15 studies) by 10 (23%) 
reference centers located in 5 (25%) countries, and 
non-functioning adenoma (2597 patients, 18 studies) 
by 10 (23%) reference centers located in 5 (25%) 
countries.

Remission rates, resection grade, and 
visual outcomes

The remission rate after surgery was 50% (95% CI: 42–59) 
for patients with acromegaly, 68% (95% CI: 60–75) 
for patients with Cushing’s disease, and 53% (95% CI: 
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39–66%) for patients with prolactinoma (Fig. 3). Results 
were similar for patients operated with the endoscopic and 
microscopic approach.

Overall, a gross total resection was established in 
49% (95% CI: 37–61%) of patients with no difference 
between patients with a non-functioning (58% (95% 
CI: 46–70)) or hormone-producing adenoma (58% 
(95% CI: 40–75)) (Fig. 4). In published reports, a gross 
total resection was described in 66% (95% CI: 38–89) 
of patients operated with the microscope, compared 
to 49% (95% CI: 36–62) of patients operated with the 
endoscope.

Visual improvement in those presenting with a visual 
impairment was achieved in 78% (95% CI: 68–87) of 
patients, and normalization of vision was achieved in 41% 
(95% CI: 34–49). Subgroup analyses in patients operated 
with the endoscopic technique or hormone-producing 
pituitary adenomas yielded approximately similar results 
(Supplementary Fig. 1). Due to the lack of studies, no 
subgroup analyses could be performed for the microscopic 
technique or for patients with non-functioning pituitary 
adenomas.

Excluding studies that explicitly reported to have 
included the outcomes of patients after repeat surgery 
resulted in outcomes comparable to first surgery regarding 

remission (Fig. 3), gross total resection (Fig. 4), and visual 
improvement (Supplementary Fig. 1).

Complications

Severe surgical complications such as mortality, 
hemorrhage, carotid injury, and hemiparesis occurred 
in less than 1% of patients (Fig. 5). Newly developed 
hypopituitarism occurred in 16% (95% CI: 11–23) of 
patients and panhypopituitarism in 6% (95% CI: 0–17). 
Transient diabetes insipidus was reported in 12% (95% CI: 
6–21) and permanent diabetes insipidus in 4% (95% CI: 
3–6). SIADH occurred in 6% (95% CI: 3–19). Mild epistaxis 
was reported in 3% (95% CI: 1–4%) and severe epistaxis in 
2% (95% CI: 0–4). Cerebrospinal fluid (CSF) leak occurred 
in 4% (95% CI: 2–6) and meningitis in 1% (95% CI: 0–2%). 
Results on other complications are provided in Fig. 4.

Subgroup analyses with studies describing outcomes 
after the endoscopic or microscopic technique 
resulted in similar results (Supplementary Fig. 2 and 
3). Hypopituitarism was higher in studies describing 
complications in patients with acromegaly (26%, 95% 
CI: 11–45) and Cushing’s disease (33%, 95% CI: 22–46%) 
(Supplementary Fig. 4–6). Diabetes insipidus occurred 
more frequently in patients with Cushing’s disease, too 

Figure 1
Search strategy to identify surgical reports of Endo-ERN MTG6 reference centers.
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(24%, 95% CI: 9–41%). Not all complications could be 
analyzed in all subgroups due to paucity of data.

Excluding studies that explicitly reported to have 
included the outcomes of patients after repeat surgery 
resulted in complication rates comparable with first surgery 
(Supplementary Fig. 7).

Definitions of remission, resection grade and 
complications, and potential sources of bias

Only 14 of the 33 (42%) studies that reported postoperative 
complications provided any definition or explanation of 
the measured complications (Supplementary Table 5). 

Figure 2
Publications on the outcomes of pituitary surgery 
within Endo-ERN.
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Eight studies reported transient and permanent diabetes 
insipidus separately, while only three studies provided a 
definition for permanent diabetes insipidus. One study 
defined it as the need for desmopressin for a minimum of 
2 months, and another study used a 3 months timeframe. 
Four studies reported the outcomes of mild and severe 
epistaxis separately, without providing a clear definition. 
While mortality was reported by 15 studies, only 3 studies 
provided a definition and timeframe. Two studies measured 
mortality within 2 months after surgery. It was measured 
as all-cause mortality in two studies and as related to 
surgical complications in one study. Three studies divided 
surgical and endocrinological complications. Surgical 
complications were defined by one study as complications 
occurring within a month and needing intervention. 
Complications were divided into major and minor 
complications by five studies. One study described major 
complications as complication that were permanent, 
fatal, or requiring surgery or readmission. CSF leaks were 
defined by two studies as leaks occurring postoperatively, 
not counting intraoperative leaks. Two studies provided 
a definition for meningitis, described as (i) meningism, 
abnormal white blood cells in the CSF and elevated protein 
and/or low glucose levels in the CSF, without the need for 

evidence of bacteria in culture and (ii) start of antibiotic 
treatment due to suspicion of meningitis.

Definitions for extent of resection were provided 
by five studies. One study classified resection grade as 
subtotal resection (>80%) and partial resection (<80%). 
Two studies classified resection grade as near total (>90%), 
subtotal (>70), and partial (<70%). One study used near 
total (>95%), subtotal (>80%), and partial (<80%). Another 
study used subtotal (>90%) and partial (<90%). All five 
studies described a total resection as 100% resection of 
the adenoma. Two studies based the extent of resection 
on the surgeon’s intraoperative assessment combined 
with postoperative imaging. One study only relied on 
the intraoperative judgment of two performing surgeons. 
One study provided a timeframe for the postoperative 
assessment of resection grade: 3 months after surgery. 
Thirteen studies only described total and subtotal resection 
without a definition.

Postoperative remission was based on normalized 
biochemical values in 16 studies. Seven studies used a 
definition of remission that also required normalization 
of symptoms. Four studies described remission as a 
total adenoma resection with subsequently normalized 
biochemical values.

Figure 3
Remission percentages for acromegaly, Cushing’s 
disease, and prolactinoma.

Figure 4
Total resection percentages.
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Nineteen studies did not specify whether outcomes 
were only from patients after first surgery or also after repeat 
surgery. Nine studies reported explicitly that patients 
after repeat surgery were included and two studies only 
presented the outcomes of re-operated patients. Sixteen 
studies only reported outcomes after first surgery.

Discussion

Surgery is the mainstay of treatment for the majority of 
patients with pituitary adenoma. This study indicates 
that approximately 40% of the MTG6 pituitary Endo-
ERN centers have reported on surgical results in the last 
decade through peer-reviewed publications, so 60% 
have not. A total of 46 publications were found with the 
initial literature search and 2 additional publications 
were collected via the MTG6 network. Published studies 
most frequently described the surgical outcomes 
of patients with acromegaly and Cushing’s disease, 
whereas the outcomes of patients with a prolactinoma 
or non-functioning pituitary adenoma were reported 
less frequently. Importantly, a great heterogeneity was 
found in the reported definitions of remission, extent 

of resection and complications, warranting uniformity, 
and standardization to facilitate a reliable comparison of 
outcomes between centers.

Promoting equal high-quality healthcare

Endo-ERN fulfills a large unmet need to collaborate and 
improve (access to) care for rare endocrine conditions 
by creating a virtual network facilitating cross-border 
consultation of expert panels. Throughout Europe, it aims 
to provide and improve standards of care for rare endocrine 
conditions across the lifespan. Although many reference 
centers for pituitary adenomas have been endorsed 
within Europe, delivering expert multidisciplinary care 
and regional consultation, complex cases, and ultra-rare 
conditions still benefit from cross-border consultation and 
the sharing of experience of other expertise centers (3). 
Inequalities in healthcare access are abolished by providing 
expert care by means of virtual multidisciplinary expert 
panels to the closest reference center, instead of asking 
patients to travel to the expert. As reference centers often 
fulfill a key network function within their own region, the 
expert care might even be brought to the local hospital. 
The importance of this function of Endo-ERN is supported 

Figure 5
Operative complications.
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by our results that suggest that different centers might 
provide expertise for different pituitary adenoma types, 
at least when transparency of outcomes by publication is 
considered a key feature of a center of expertise.

At this starting point of Endo-ERN, published 
reports are predominantly provided by centers from the 
Netherlands and Italy, which do not represent general 
neurosurgical care in Europe per se, as we expect that only 
a minority of surgical outcomes within Endo-ERN have 
been published and some countries have not shared their 
outcomes in literature. For ideal benchmarking, a better 
coverage of Europe is warranted.

We do acknowledge that non-Endo-ERN centers 
contribute significantly to expert pituitary surgery in 
Europe, as can be seen by the large number of publications 
of these centers in recent meta-analyses of outcomes of 
pituitary surgery (12, 13, 14, 15). For example, in a recent 
meta-analysis on Cushing’s disease, 16 publications were 
from Endo-ERN centers, 32 from European non-Endo-
ERN centers, and 49 from centers outside Europe. In our 
survey, Endo-ERN centers did name 23 non-Endo-ERN 
centers as centers with high-volume pituitary care and 
pituitary expertise. Strong collaboration between Endo-
ERN centers and non-Endo-ERN centers will be needed for 
proper dissemination of knowledge and know-how to truly 
provide best care throughout Europe.

In this current review, we also report that Endo-ERN 
reference centers collaborate and publish together with 
these high-volume expertise non-Endo-ERN centers, 
emphasizing the network function. For future analyses 
of the landscape and quality of surgical pituitary care, 
collaborations between non-Endo-ERN centers and Endo-
ERN centers should be mapped to facilitate that these 
centers also benefit from the collaborative platforms 
provided by the EU. Importantly, the publications 
presented in our report only focus on the surgical outcomes, 
while for optimal care, collaboration between centers with 
different areas of expertise is needed. Both Endo-ERN and 
non-Endo-ERN centers might focus and be experts on 
pharmacological therapy, including chemotherapy and 
targeted therapy and radiotherapy including radiosurgery. 
Additional mapping of outcomes in multimodality 
treatment, for example, drugs and radiotherapy, and 
combination therapies in pituitary adenomas is also 
needed; however, these data are apparently more scarce 
than the surgical outcomes.

Our results also exemplify the need for further 
collaborative research. The number of published studies on 
pituitary adenoma surgery is still relatively small, especially 
for patients with prolactinomas and non-functioning 

adenomas, and even more for specific conditions, such 
as aggressive tumors, pediatric tumors, and patients with 
ultra-rare subtypes of adenoma, such as TSH-producing 
adenomas and gonadotropins-producing adenomas. 
However, in recent years, the number of publications is 
increasing, although large patient numbers cannot be 
achieved by single centers. Through harmonized data 
collection within the Endo-ERN registries, surgical results 
of these rare conditions will be collected and highlighted 
in future Endo-ERN publications. Furthermore, the use 
of patient-reported outcome measures (PROM) was very 
limited in the published studies (n  = 3 studies). Use of 
European registries will facilitate research on these topics 
and assist with cross-border comparison of outcomes, 
provide the possibility for pooling of outcomes, provide 
a platform for clinical trials, and overall strengthen the 
relationship between Reference Centers, which further 
facilitates communication between treatment teams for 
healthcare consultation (7). Hence, registries form a key 
corner for European Reference Networks and the use of 
registries for these purposes has been recognized and 
supported by the European Union (16, 17). Within Endo-
ERN, the use of registries for pituitary conditions has been 
scored the highest priority by the representatives of Endo-
ERN reference centers (7). A major advantage of registries 
is standardized data collection, allowing comparison 
of data between centers. Where possible, the use of 
internationally accepted criteria should be used, such as 
for remission in acromegaly and Cushing’s disease, and 
otherwise, consensus should be reached on preoperative 
and postoperative reports to facilitate not only comparison 
between ERN centers but also to facilitate comparison with 
studies and registries from non-Endo-ERN collaborations 
(18, 19).

Starting point for benchmarking surgical outcomes

Estimated pooled outcomes of published surgical studies 
within Endo-ERN as reported in this study are similar, 
with a tendency to be poorer compared to outcomes of 
published meta-analyses (12, 13, 14). This is an interesting 
observation, requiring further analyses in future studies. 
It may be explained by many factors, for example, the 
fact that reference centers tend to perform surgery on 
more complex cases, resulting in lower remission rates. 
Indeed, we report that only 35% of studies explicitly 
reported outcomes after first surgery, without cases 
of repeat surgeries. Alternatively, there might be large 
heterogeneity in outcomes within the network, which 
cannot be accounted for solely with the case-mix 
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variation. Conclusions can only be drawn when the 
network further develops with better registration, more 
outcome evaluations, and uniform definitions.

Furthermore, analyses were not performed separately 
for patients with micro- and macroadenomas, as almost 
none of the studies described results separately for micro- 
and macroadenomas. Outcomes of TSH-omas and other 
rare adenomas were also not analyzed due to the paucity 
of data, while especially for these cases, cross-border 
consultation and collaboration could be interesting. These 
results stress the need for European and international 
registries to collect data on specific patient groups and 
patient with ultra-rare pituitary adenomas, such as TSH- 
and gonadotropins-producing adenomas.

In accordance with older existing literature, no clear 
differences between the outcomes of the microscopic 
and endoscopic approach were found (14, 18). However, 
results from large case series have shown that the use of 
the endoscopic approach might be preferred for larger 
pituitary adenomas with suprasellar extension, as it 
provides a panoramic view of the sellar region and adjacent 
structures, also enabling extended approaches (19). A 
surgical learning curve needs to be taken into account for 
the endoscopic approach, which has already been finalized 
for the microscopic approach. Hence, better surgical 
outcomes might be expected in the future evaluation 
of the endoscopic technique. Indeed, more recent 
comparisons between both techniques show a preference 
for the endoscopic technique regarding outcomes such 
as gross total resection and biochemical remission (22, 
23). Moreover, considerable heterogeneity exists between 
studies in baseline characteristics such as age, gender, 
and comorbidities. These results further underline the 
need to compare and pool data on an individual patient 
level, instead of study level, to consider case-mix variables 
affecting the outcomes of interest.

We furthermore report that most studies lack a clear 
definition for extent of resection and complications. 
Moreover, not all complications are reported, such as sino-
nasal problems. Hence, these results warrant standardized 
and uniform definitions for data collection in international 
registries and also structured and systematic reporting of 
surgical publications of pituitary adenomas.

Limitations

A possible limitation of this study is that we could only use 
available – published – outcomes of MTG6 pituitary Endo-
ERN reference centers, so there are missing data. In case of 
a publication bias, the evaluated outcomes might be even 

less favorable when considering unpublished outcomes. 
However, the reported outcomes of the individual studies 
as presented in Supplementary Tables 1 and 2 show a great 
heterogeneity, suggesting publication of less favorable 
results too. Moreover, a benefit of using published data is 
that data for these publications are often carefully collected 
and checked before publication. Another limitation could 
be that published reports might have been missed, as we 
used the names of healthcare representatives of each 
reference center for the search strategy. Publications 
might have been published by other healthcare providers 
from a reference center without co-authorship of the 
representative. Moreover, representatives might have 
changed from center within the period of interest of the 
literature search (2010–2019). However, to overcome 
these limitations, the results of the literature search were 
presented to the representatives of each center and any 
missed publications were consequently added to the 
analyses. This also represents the unmet need to easily 
identify these studies and center-specific outcomes for 
patients and healthcare professionals, which deserves 
attention in future developments within Endo-ERN. As 
this study was performed before Brexit, results from centers 
from the UK were included in the analysis. Future Endo-
ERN reports will be without these centers. Heterogeneity 
of the reported outcomes hampered the analysis of long-
term remission and recurrence, while these outcomes 
are clinically relevant and hence should be the topic of 
future research. Although our analysis focused on surgical 
outcomes, and articles describeding the outcomes of 
combined treatment modalities were excluded, we were 
dependent regarding this point on the description of 
the authors in the original papers. Lastly, studies might 
have been published outside our study time window, 
before 2010, which are now not included in this report, as 
techniques have improved over the years and we aimed to 
present an overview of outcomes and research efforts of 
recent years.

Future directions

While the results of this study could be used as a first 
benchmark for the outcomes of pituitary adenoma surgery 
within Endo-ERN, the great heterogeneity between 
studies in the definitions, measurement and reporting of 
outcomes hampers comparability. Currently, EuRREca 
is collecting data for pituitary conditions through an 
e-reporting program (e-REC) and a core registry. Uniform 
data collection is a prerequisite, requiring clear and 
uniform definitions of collected data elements to ensure 
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comparability of data (16). Therefore, the board of MTG6 
pituitary is planning to develop a consensus statement 
on the reporting of surgical results. Information on the 
definitions of outcomes as provided by our study will 
provide a starting point for this consensus statement. 
These efforts will strengthen the collaboration between 
the MTG6 Pituitary Endo-ERN centers in their efforts to 
improve the care for rare endocrine conditions from the 
benchmark described in this manuscript. While this report 
focused only on surgical outcomes, multidisciplinary 
treatment is key for rare endocrine conditions, and future 
studies will also focus on other treatment modalities and 
on specific patient groups.

Supplementary materials
This is linked to the online version of the paper at https ://do i.org /10.1 530/
E C-22- 0349 .
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