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Abstract

Background Microscopic transsphenoidal surgery (mTSS) is a well-established method to address adenomas of the pituitary
gland. Endoscopic transsphenoidal surgery (€TSS) has become a viable alternative, however. Advocates suggest that the greater
illumination, panoramic visualization, and angled endoscopic views afforded by ¢TSS may allow for higher rates of gross total
tumor resection (GTR). The aim of this meta-analysis was to determine the rate of GTR using mTSS and eTSS.

Methods A meta-analysis of the literature was conducted using PubMed, EMBASE, and Cochrane databases through July 2017
in accordance with PRISMA guidelines.

Results Seventy case series that reported GTR rate in 8257 pituitary adenoma patients were identified. For all pituitary adenomas,
¢TSS (GTR=74.0%; I* = 92.1%) was associated with higher GTR as compared to mTSS (GTR=66.4%; P =84.0%) in a fixed-
effect model (P-interaction <0.01). For functioning pituitary adenomas (FPAs) (n= 1170 patients), there was no significant
difference in GTR rate between €TSS (GTR=75.8%; P = 63.9%) and mTSS (GTR=75.5%; I* = 79.0%); (P-interaction = 0.92).
For nonfunctioning pituitary adenomas (NFPAs) (n = 2655 patients), eTSS (GTR=71.0%; P = 86.4%) was associated with higher
GTR as compared to mTSS (GTR=60.7%; PP =87.5%) in a fixed-effect model (P-interaction < 0.01). None of the associations
were significant in a random-effect model (all P-interaction > 0.05). No significant publication bias was identified for any of the
outcomes.

Conclusion Among patients who were not randomly allocated to either approach, eTSS resulted in a higher rate of GTR as
compared to mTSS for all patients and for NFPA patients alone, but only in a fixed-effect model. For FPA, however, eTSS did not

seem to offer a significantly higher rate of GTR. These con-
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clusions should be interpreted with caution because of the
nature of the included non-comparative studies.
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Introduction

The transsphenoidal approach to the sellar region was first
developed for resection of sellar pathology by Schoffler in
1907 and later popularized by Cushing without the aid of
lens magnification [14, 17, 60, 77]. Introduction of the
operating room microscope for transsphenoidal surgery
by Jules Hardy in the 1960s greatly improved intra-
operative visibility and surgical outcomes [13, 40, 60].
Since around the turn of the twenty-first century, the in-
troduction of the endoscope has allowed for improved
illumination and panoramic visualization of the anterior
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skull base, with many skull base centers rapidly adopting
this new technology [14, 46].

Despite this, the choice between endoscopic transsphenoidal
surgery (eTSS) and microscopic transsphenoidal surgery
(mTSS) remains controversial in the neurosurgical community,
and no head-to-head study has compared the two approaches in
terms of efficacy or safety. Whereas mTSS requires either a
sublabial incision or removal of the nasal septum, €TSS is most
frequently performed transnasally with some disruption of the
nasal anatomy [43, 57]. Perhaps as a result, some studies have
showed that mTSS could also be associated with longer
hospital stay postoperatively compared to eTSS [36]. On
the other hand, the majority of endoscopic approaches uti-
lize two-dimensional endoscopic lenses and are associated
with a considerable learning curve [3, 12, 49, 58]. Some
experts have also claimed that eTSS operations may last
longer or result in higher rates of postoperative cerebrospinal
fluid (CSF) leak than mTSS [66, 79]. Overall, no true
consensus exists and many factors may play a role in
choosing either of the modalities. Patient care could be
improved by a more uniform practice and more objective
comparative data.

With regard to surgical outcomes, gross total resection
(GTR) remains of key importance, particularly for functioning
adenomas. The presence of residual disease can necessitate
adjuvant medical therapy, radiosurgery and place the patient
at a greater future risk of visual decline or pituitary dysfunc-
tion. Although previous systematic reviews and meta-analyses
have failed to show a significant difference in GTR for pitui-
tary adenoma resection using either mTSS or ¢TSS [1, 36, 76,
81], we set out to update the estimated pooled rate of GTR
after each method and to identify which patient and tumor-
related factors were associated with higher rates of GTR.

Methods
Search strategy and paper selection

A systematic review of the literature was conducted in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines to identify
studies reporting GTR in patients harboring pituitary adeno-
mas in the PubMed, Embase, and Cochrane databases [65]. A
search strategy was designed in consultation with a librarian,
using relevant keywords for identification of articles reporting
both approaches (Appendix 1).

All databases were searched on July 25, 2017 and dupli-
cates were removed. All articles were screened for title and
abstract relevance by two authors, independently, to identify
articles reporting GTR for mTSS, eTSS, or both.
Discrepancies in study selection were resolved by discussion
and consultation with a senior author. Selected articles were
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subject to full-text screening. Only articles that reported GTR
specifically for pituitary adenomas were included. Case re-
ports, commentaries, abstracts, reviews, animal studies, stud-
ies with an endoscopically assisted approach or extended ap-
proach, studies in pediatric patients (< 18 years old), re-oper-
ations, and cadaveric studies were excluded. Only literature in
English was reviewed.

Data extraction

Study characteristics were extracted from the full text of se-
lected studies including authors, publication year, country of
origin, sample size, study design, and duration of study.
Patient characteristics were extracted including number, sex,
age, type of pituitary adenomas (nonfunctioning pituitary ad-
enomas [NFPA] vs. functioning pituitary adenomas [FPA]),
histological type, number of macroadenomas, number of
microadenomas, surgery type, and rate of GTR.

Meta-analysis

Data analysis was performed using Comprehensive Meta-
Analysis (CMA) version 3 (Copyright 1998-2014. Biostat,
Inc.). The fixed-effect model using the inverse variance meth-
od was used to obtain the overall rate and the 95% confidence
intervals. The random-effects model that accounts for the
within- and the between-study variances according to the
method of DerSimonian and Laird was also used for compar-
ison [25]. Pooled rate estimates of GTR together with 95%
confidence intervals were used to assess the efficacy of
transsphenoidal surgery among patients with any pituitary ad-
enoma, FPA, and NFPA [25]. Heterogeneity was evaluated
among studies by using Cochran’s Q test (P <0.10) and
percentage. An F* value >50% was considered to be high
[41]. Potential sources of heterogeneity were explored using
subgroup analyses by categorical covariates: surgery type
(eTSS; mTSS), tumor type (FPA vs. NFPA), continent (Asia,
Australia, Europe, North America, South America), center
(single vs. multiple), surgeon (single vs. multiple), male per-
cent (high, defined as > median value of 50%, vs. low < 50%),
age in categories (25-35, 3640, 41-50, 51-55, 56-60, and
61-65), study design (cohort; case series), microadenoma
(low percent, defined as < median percent; high percent de-
fined as >median percent); macroadenoma (low percent; high
percent), FPA type (ACTH-producing, GH-producing, and
prolactinoma), and publication after 2000. It is important to
note that the p-interaction resulting from the subgroup analy-
ses should be interpreted with caution because the original
studies are case series and comparing two groups of studies
based on a specific covariate will not resolve all the other
potential differences among the studies being compared.
Meta-regression was conducted on continuous covariates in-
cluding international journal impact factor and year of
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publication. Publication bias was assessed using funnel plots,
Egger’s linear regression test, and Begg’s and Mazumdar rank
correlation test. If publication bias was identified, the number
of missing studies was evaluated by the trim-and-fill method.
A P value <0.05 was considered significant except where
otherwise specified.

Results
Search results

The systematic search resulted in 1641 articles after duplicates
were removed. After title and abstract screening, 1514 articles
were excluded, resulting in 127 articles for full text evaluation.
After full-text screening, a total of 57 case series were includ-
ed in the meta-analysis, with a total of 7896 patients who had
undergone surgery for pituitary adenomas (Fig. 1, Appendix
2) [4-11, 15, 16, 18-23, 27, 30-33, 35, 37-39, 42, 44, 45, 47,
48, 50-56, 59, 64, 68-71, 74, 75, 78, 80, 82—-84, 86-92]. The

median percentage of males was 53.0% (range: 0-72.2%).
Mean age per study ranged from 31.6 to 63.5 years (median
of means = 50.0 years) (Table 1). The median percentage of
macroadenomas was 86.3% (Table 2, Appendix 3). The me-
dian percentage of FPA was 47.3% (range: 0—-100%).

Pituitary adenomas

GTR was available for n = 8257 patients (Table 3). Using the
fixed-effect model, the pooled rate of GTR among all studies
was 71.0% (95%CI: 69.9-72.1%, FP=91.2%: P-heterogeneity
<0.01 under the fixed-effect model (Table 4) [4-11, 15, 16,
18-23, 27, 30-33, 35, 37-39, 42, 44, 45, 47, 48, 50-56, 59,
64, 68,70,71, 74,75, 78, 80, 82—-84, 86-92]. When eTSS and
mTSS were compared, GTR rate was significantly higher in
€TSS (n =50 studies, GTR=74.0%, 95%C]I: 72.6-75.3%, I* =
92.1%; P-heterogeneity < 0.01) than in mTSS (z = 20 studies,
GTR=66.4%, 95%CI: 64.5-68.2%, I* =84.0%; P-
heterogeneity < 0.01) (Fig. 2). This difference was significant
in a fixed-effect model (P-interaction <0.01), but not in a

Fig. 1 . Flowchart. Study
selection process of the identified
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Table 1 : Characteristics of studies included in the analysis of gross tumor resection (GTR)

Study Year of Study Prospective Country  Duration Surgical Single Single
publication design of study intervention center surgeon
Bodhinayake et al. [4] 2014 CS No USA 20062011 ETSS Yes Yes
Bokhari et al. [5] 2013 CS No Australia  July 1998-September 2010 ETSS Yes Yes
Campbell et al. [6] 2010 CS No USA June 2005—September 2009 ETSS Yes Yes
Cappabianca et al. [7] 2002 CS No Italy January 1997-July 2001 ETSS Yes No
Charalampaki et al. [§] 2009 CS no Germany January 2004—June 2007 ETSS Yes NA
Chi F et al. [9] 2013 Cohort study No China November 2011-October 20,112 ETSS Yes Yes
Choe et al. [10] 2008 CS No Korea 2004-2007 ETSS Yes No
Choe et al. [10] 2008 CS No Korea 19972004 MTSS Yes No
Chone et al. [11] 2014 CS No Brazil January of 2009 - December 0of 2012 ETSS Yes NA
Conrad et al. [15] 2016 Cohort study No USA October 2008—November 2009 ETSS Yes NS
Constantino et al. [16] 2016 CS No Brazil March 2010-March 2014 ETSS Yes NS
Cusimano et al. [18] 2012 Cohort study No Canada  October 1994—July 2009 ETSS Yes No
Dallapiazza et al. [19] 2014 Cohort study No USA June 2010 to January 2013 ETSS Yes Yes
Dallapiazza et al. [19] 2014 Cohort study No USA June 2010 to January 2013 MTSS Yes Yes
Dallapiazza et al. [20] 2015 CS No USA September 2004—August 2008 ETSS Yes NS
Dehdashti et al. [23] 2008 CS No Canada  July 2004—March 2007 ETSS Yes No
De Paiva Neto et al. [21] 2010 Cohort study No USA July 1998-May 2008 ETSS Yes Yes
De Witte et al. [22] 2011 CS No Belgium  February 2007-December 2010 ETSS Yes Yes
Duz et al. [27] 2008 CS No Turkey 2006-2007 ETSS Yes NA
Duz et al. [27] 2008 CS No Turkey 19962004 MTSS Yes NA
Fathalla et al. [30] 2015 Cohort study No Canada  2000-2013 ETSS Yes No
Fathalla et al. [30] 2015 Cohort study No Canada MTSS Yes No
Fomekong et al. [31] 2014 CS No Belgium  March 2006-October 2011 MTSS Yes NS
Frank et al. [32] 2006 CS No Italy May 1998 and December 2004 ETSS Yes NA
Gao et al. [33] 2016 Cohort study No China January 2012—-November 2014 ETSS Yes NA
Gao et al. [33] 2016 Cohort study No China January 2012-November 2014 MTSS Yes NA
Gondim et al. [35] 2011 CS No Brazil January 1998-December 2009 ETSS Yes Yes
Guo Dong et al. [37] 2016 Cohort study No China June 2010-July 2014 ETSS Yes NA
Guo Dong et al. [37] 2016 Cohort study No China June 2010-July 2014 MTSS Yes NA
Guvenc et al. [38] 2016 Cohort study No Turkey June 2000-June 2014 ETSS Yes No
Guvenc et al. [38] 2016 Cohort study No Turkey June 2000—June 2014 ETSS Yes No
Han S et al. [39] 2013 Cohort study No China May 2009—June 2012 ETSS Yes Yes
Hofstetter et al. [41] 2011 CS Yes USA February 2004—January 2010 ETSS Yes No
Jain et al. [43] 2007 RT Yes India NA ETSS Yes No
Jain et al. [43] 2007 RT Yes India NA MTSS Yes No
Jang JH et al. [44] 2016 Cohort study No S. Korea  April 1998-December 2014 ETSS Yes Yes
Jho, et al. [46] 2001 CS No USA 1993-1999 ETSS Yes NA
Juraschka et al. [47] 2014 CS No Canada  January 2006—June 6 ETSS Yes No
Karppinen et al. [49] 2015 Cohort study No Finland ~ 2000-2011 ETSS Yes No
Karppinen et al. [49] 2015 Cohort study No Finland ~ 2000-2011 MTSS Yes No
Kenan et al. [50] 2006 Cohort studt No Turkey September 1997-June 2005 ETSS Yes No
Kumar et al. [52] 2012 CS No Singapore June 1990-May2008 ETSS Yes Yes
Kuo et al. [53] 2016 CS No Taiwan 2000-2009 ETSS Yes Yes
Kurosaki et al. [54] 2000 Cohort study No Germany January 1991-November 1999 MTSS Yes NA
Lampropoulos et al. [55] 2013 CS Yes Greece.  2004-2011 MTSS Yes Yes
Liu et al. [59] 2015 CS No China January 2009-December 2012 MTSS Yes No
Messerer et al. [63] 2011 Cohort Study No France 20062009 ETSS Yes Yes
Messerer et al. [63] 2011 Cohort Study No France 20062009 MTSS Yes Yes
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Table 1 (continued)

Study Year of Study Prospective Country ~ Duration Surgical Single Single
publication design of study intervention center surgeon
Mortini P et al. [66] 2005 CS No Italy 1990-2002 MTSS NA No
Nakao et al. [67] 2010 Cohort study No Japan 2000-2008 ETSS Yes NA
Nie al. [68] 2015 CS NA China January 2012—-December 2012 ETSS Yes NA
O’Malley et al. [69] 2008 Cohort study No USA 2003-2008 ETSS Yes Yes
O’Malley et al. [69] 2008 Cohort study No USA 2003-2008 MTSS Yes Yes
Ogawa et al. [70] 2015 CS No Japan October 2008—January 2014 MTSS Yes Yes
Pinar et al. [73] 2015 Cohort study No Turkey February 2011-December 2013 ETSS Yes NA
Qureshi et al. [74] 2016 CS No USA 20062012 ETSS Yes Yes
Sheehan et al. [77] 1999 CS No USA 1995-1997 ETSS Yes NA
Sheehan et al. [77] 1999 CS No USA 1995-1997 MTSS Yes NA
Song et al. [79] 2014 CS No China January 2007-January 2012 ETSS Yes NA
Thomas et al. [81] 2014 CS Yes USA NA ETSS Yes NA
Tosaka et al. [82] 2015 CS No Japan October 2003—October 2009 ETSS Yes Yes
Wang et al. [83] 2015 CS No China January 2007—June 2013 ETSS Yes Yes
Wongsirisuwan et al. [85] 2014 CS No Thailand  January 2003—September 2013 ETSS Yes Yes
Yan et al. [86] 2015 CS No China January 2013—June 2013 MTSS Yes NA
Yildirim et al. [87] 2016 CS No Turkey August 2009-May 2014 ETSS Yes No
Zaidi et al. [88] 2016 Cohort study No USA October 2011-June 2014 ETSS Yes Yes
Zaidi et al. [88] 2016 Cohort study No USA October 2011-June 2014 MTSS Yes Yes
Zhan et al. [89] 2015 CS No China January 2008-December 2014 ETSS Yes NA
Zhang,X et al. [90] 2008 CS No China 1998-2005 ETSS Yes NA
Zhou et al. [91] 2014 CS No China January 2007-July 2012 ETSS Yes Yes

CS case series, RT randomized trail, E7SS endoscopic transsphenoidal surgery, M7SS microscopic transsphenoidal surgery, NA not available, iMRI

intraoperative MRI

random-effect model (P-interaction=0.40). To further assess
the considerable heterogeneity in GTR observed in the pitui-
tary adenomas overall, functioning pituitary adenomas (FPA)
and nonfunctioning pituitary adenomas (NFPA) were assessed
separately.

Functioning pituitary adenomas

Eighteen studies reported GTR rate among FPAs (n=1170)
[5-10, 18,21,23,30, 33, 35,37, 39,42,45, 51, 55, 56, 74, 80,
87, 92]. Using the fixed-effect model, the overall GTR rate
was 75.7% (95%CI: 73.1-78.2%, I = 67.5%, p-heterogeneity
<0.01). In a subgroup analysis for eTSS vs. mTSS, GTR rate
was not significantly different comparing eTSS (GTR=75.8%,
13 studies) and mTSS (GTR=75.5%, five studies) using both
the fixed- (P-interaction=0.92) and the random-effect models
(P-interaction=0.67, Fig. 3).

All of the 13 studies reporting GTR after eTSS were pub-
lished after 2000 and only 3 studies reported GH-producing to
be the type of FPA. Using the fixed-effect model, significant
sources of heterogeneity were identified for microadenoma
percent (P =0.04; high percent: 67.6%, three studies, which
had a lower GTR than studies with low percent

microadenoma: 80.1%, two studies), number of centers (P =

0.01; single center: 74.9%, multiple centers: 87.2%), age (P =

0.01; 3640 years: 82.7%, 4145 years: 70.5%, 4650 years:
71.5%, 56-60 years: 83.2%), and study design (P <0.01; co-
hort: 66.7%; case series: 78.3%). Nonsignificant interactions
were identified for continent, country, male percent, and num-
ber of surgeons (all P> 0.05). No significant sources of het-
erogeneity were identified using the random-effect model (not
shown). Meta-regression on journal impact factor and year of
publication were not significant in both random- and fixed-
effect models (P> 0.05 for all).

All of the five studies reporting GTR after mTSS were case
series, conducted in a single center and published after 2000.
Using the fixed-effect model, significant interactions were
identified for age category (p =0.03; category 51-55:
77.3%, one study, which had a higher GTR than each of 46—
50: 72.4%, two studies; 41-45: 42.1%, one study), type of
FPA (p <0.01; one study with prolactinoma patients had a
higher GTR rate of 88.9% than one study with GH-producing:
42.1%), in addition to continent (p <0.01; GTR in Asia:
86.7%, two studies, which was higher than in Europe:
72.4%, one study; and North America: 59.5%, two studies).
Using the random-effect model, however, sources of
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Study (year of publication) Surgical intervention PA (n) Total cases of GTR (n, (%))

Table 3 (continued)

@ Springer

PRL

ACTH

GH

FPA

Microadenoma NFPA

Macroadenoma

PA

NR NR

NR

NR NR NR

NR

62/78 (79.4)

78
133

ETSS

Zhang X et al. [90]
Zhou et al. [91]

NR

NR

110/133 (82.7)

110/133 (82.7)

NR

NR

110/133 (82.7)

ETSS

GTR gross total resection, PA pituitary adenoma, NR not reported, FPA functional pituitary adenoma, NFPA nonfunctional pituitary adenoma, GH growth hormone, PRL prolactin

heterogeneity could be identified for age category: p <0.01;
and types of FPA: p < 0.01. Other variables such as continent,
male percent, single surgeon, and microadenoma percentage
were not a significant source of heterogeneity. Meta-
regression on journal impact factor was significant in a
fixed-effect model (slope=—0.74: 95%-CI: —1.47; —0.01,
p=0.046) which suggested that a lower GTR percent was
associated with a higher journal impact factor, but this associ-
ation was not significant in a random-effect model (P = 0.38).
Meta-regression on year of publication was not significant in
both models (p > 0.05 for both).

Nonfunctioning pituitary adenomas

Twenty-seven studies reported GTR for NFPA (n =2655) [5,
7,8, 11,19, 20, 23, 32, 35, 45, 53, 56, 64, 78, 89-91]. Under
the fixed-effect model, the overall GTR rate for NFPA was
67.3% (95%CI: 65.3-69.2%, I* = 87.7%, p-heterogeneity <
0.01). In a subgroup analysis for €TSS vs. mTSS, GTR rate
was significantly higher in €TSS (GTR=71.0%, 19 studies)
than in mTSS (GTR=60.7%, eight studies) (P-interaction <
0.01), although this difference was not significant in the
random-effect model (P-interaction= 0.13, Fig. 4).

Among the 19 studies reporting GTR after eTSS, they were
all conducted in a single center. Using the fixed-effect model,
significant interactions were identified for the following vari-
ables: continent: p < 0.01 (GTR in North America: 78.2%, six
studies, which was higher than in Europe: 68.4%, six studies;
Asia: 70.5%, four studies; South America: 73.3%, two stud-
ies; and Australia: 48.7%, one study); age category: P <0.01
(age category 46-50: 74.5%, two studies, which had a higher
GTR than each of 51-55: 46.5%, one study, and 56—60:
73.7%, seven studies); publication after 2000 (P =0.02; be-
fore 2000: 43.8%, 1 study, vs. after 2000 71.3%, 18 studies);
study design (P < 0.01; cohort: 58.5%, 3 studies; case series:
73.6%; 16 studies). Nonsignificant interactions were identi-
fied for microadenoma percent (P=0.41) and male percent-
age (P=0.66). Using the random-effect model, only study
design was identified as a significant source of heterogeneity
(P<0.01). Other variables such as number of surgeons were
not available in many studies and were therefore not used for
stratification. Meta-regression on year of publication was sig-
nificant in a fixed-effect model (P < 0.01, beta: 0.03) suggest-
ing an increased GTR with later publication year, but not in a
random-effect model (P=0.15). Meta-regression on journal
impact factor was not significant in a random-effect model
(P=0.20), yet it was significant in the fixed-effect models
(beta: —0.13; P<0.01) suggesting that studies published in
a higher impact factor journal tended to report a lower GTR
than studies published in lower impact factor journals.

Among the eight single center studies reporting GTR after
mTSS, significant interactions were identified with the follow-
ing variables using the fixed-effect model: continent
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Table4 : Results of gross tumor resection rate and 95% confidence interval in the following case (combine subgroups using fixed- and random-effect
model)
Operative Number  Fixed-effect Random-effect Heterogeneity P-interaction P value for
modality of studies model model Begg’s test
GTR 95% ClI  GTR 95% CI P value (%) P-heterogeneity Fixed effect Random effect
rate (%) rate (%) model model
ETSS PA Overall 50 74.0 72.6-753 712 66.2-75.8 92.1 <0.01 <0.01 0.44 0.33
MTSS PA Overall 19 66.6 64.6-68.6 67.5 58.5-754 84.8 <0.01
ETSS FPA 13 75.8 72.8-78.5 76.7 70.5-81.8 63.9 <0.01 0.92 0.67 091
MTSS FPA 5 75.5 69.1-80.9 74.1 62.2-83.2 79.0 <0.01
ETSS NFPA 19 71.0 68.7-73.3 74.1 67.5-79.7 86.3 <0.01 <0.01 0.127 0.08
MTSS NFPA 8 60.7 57.3-64.0 64.6 53.1-74.7 874 <0.01

GTR gross total resection, PA pituitary adenoma, NR not reported, F/PA functional pituitary adenoma, NFPA nonfunctional pituitary adenoma, ETSS
endoscopic transsphenoidal surgery, MTSS microscopic transsphenoidal surgery

(P<0.01; GTR in North America 71.8%, three studies; GTR
in Europe 59.0%, five studies), age (P =0.013; age category
71-75: 75%, one study, which had a higher GTR than 56-50:
54.4%, five studies), study design: (P<0.01; cohort:
GTR=49.2%, two studies; case series: GTR=63.5%, six stud-
ies), and publication before 2000 (P =0.019; before 2000:
41.7%, one study, after 2000: 61.6%, seven studies).
However, using the random-effect model, no significant
sources of heterogeneity could be identified for the following
variables: continent (P-interaction=0.15), age category (P =
0.96), publication before 2000 (P =0.141), and study design
(P=0.524). While seven studies did not report the
microadenoma percentage, only one study indicated it had a
higher macroadenoma percentage; six other studies reported a
higher male percentage. Meta-regression on journal impact
factor was significant with the fixed-effect model (slope =
0.13, 95% CI: 0.008-0.25, p=0.04) indicating a direct
association between a higher journal impact factor and a
higher GTR rate, but this association was not significant in
a random-effect model (p =0.79). Meta-regression on
study year was not significant in random- (P =0.42) or
fixed-effect (P =0.41) models.

Publication bias

A symmetrical inverted funnel plot suggested the absence of
publication bias in the GTR analysis for pituitary adenomas
(Appendix 4). Furthermore, no significant publication bias
was identified using Begg’s (P =0.29) and Egger’s test (P =

0.52). In the analysis for FPA, a symmetrical funnel plot sug-
gested the absence of publication bias (Appendix 5), which
was also confirmed by Begg’s (P=0.91) and Egger’s Tests
(P=0.82). In the analysis for NFPA, a slightly asymmetrical
inverted funnel plot suggested the presence of publication bias
where smaller studies showing a lower GTR rate could have
been unpublished (Appendix 6); however, Begg’s (P=0.11)
and Egger’s test (P = 0.07) indicated no publication bias. After

imputing four studies to the left of the pooled estimate using
the trim and fill method, the new pooled GTR rate slightly
decreased from 67.3% to 66.5% under the fixed effect model.

Discussion

This meta-analysis indicates that among patients who were
not randomly allocated to either approach, eTSS results in a
higher rate of GTR compared to mTSS, for all pituitary ade-
nomas and for NFPA in fixed-effect models. For all FPAs,
however, eTSS does not offer a significantly higher rate of
GTR in both models. Despite these significant associations,
the great heterogeneity among studies reporting both ap-
proaches could not be corrected by meta-regression, indicat-
ing that the results should be interpreted with caution.

Despite detailed meta-regression by both study and patient-
level characteristics, the heterogeneity between studies of both
modalities could not be alleviated. Due to the relatively low
quality of evidence of the included studies, which mostly
consisted of retrospective case series, this heterogeneity is
not surprising. Some of the reasons for the great heterogeneity
may include the learning curve associated with endoscopic
resection, with more and less experienced surgeons reporting
significantly different rate of GTR.

One recent survey among neurosurgeons found a signifi-
cant correlation between the number of pituitary adenomas
resections performed and postoperative complication rates
(p <0.05) [12]. For GTR specifically, one study found a sig-
nificant relation when comparing the first 40 patients with the
last 40 patients in their case series (52.5 vs. 75.0%, p = 0.036),
while another study only found a nonsignificant trend towards
higher rate of GTR with growing experience [5, 9]. However,
another study comparing an inexperienced neurosurgeon
performing eTSS to an experienced neurosurgeon performing
mTSS showed no significant difference in GTR (p =0.67),
suggesting learning curve may not always compromise GTR

@ Springer
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Group by Study name Time point Event rate and 95% CI
Surgical Intervention

Event Lower Upper
rate  limit limit

ETSS Sheehan et al 1999 0438 0225 0676 +_L

ETSS Jho H et al 2001 0.779 0.666 0.862

ETSS Cappabianca et al ***** 2002 0.623 0.542 0.698 3

ETSS Kenan et al. 2006 0.644 0.515 0.755 -H

ETSS Frank.G et al 2006 0613 0538 0682 ]

ETSS Jain et al. * 2007 0.500 0.225 0.775 ——

ETSS DUZ etal. * 2008 0.536 0.354 0.708 -

ETSS OMalley et al 2008 0.667 0.447 0.832

ETSS Zhang X et al 2008 0.795 0.691 0.870 E

ETSS Choe et al 2008 0.833 0.523 0.958

ETSS Dehdashit R 2008 0.880 0.827 0.918 |

ETSS Charalampaki et al. 2009 0.940 0.885 0.970 |

ETSS De Paiva Neto et al. 2010 0.412 0.286 0.550 E =

ETSS Nakao et al. 2010 0465 0.323 0613 -

ETSS Campbell P. et al 2010 0.731 0533 0.866

ETSS De Witte et al. 2011 0.296 0.207 0.404 =

ETSS Gondim et al. 2011 0774 0723 0818

ETSS Hofstetter.C et al 2011 0.756 0.654 0.835

ETSS Messsserer et al 2011 0.744 0639 0.827

ETSS Cusimano et al. 2012 0.793 0.610 0.904

ETSS Kumar et al 2012 0.848 0.741 0916 Hll

ETSS ChiF et al. 2013 0.638 0527 0.735 e 1

ETSS Han S et al. 2013 0.864 0.816 0.901 [ |

ETSS Bokhari et al. 2013 0.633 0522 0.731 =

ETSS Bodhinayake, et al. 2014 0.688 0.565 0.789 E

ETSS Chone et al. 2014 0.957 0.845 0.989 L |

ETSS Juraschka, K. et al. 2014 0219 0139 0.328 -

ETSS Song. Y. et al. 2014 0.727 0511 0872

ETSS Thomas, J. G. et al. 2014 0.740 0.602 0.843

ETSS Wongsirisuwan, M. et al. 2014 0.737 0.576 0.852

ETSS Zhou, T. et al. 2014 0.827 0.753 0.882

ETSS Dallapiazz et al 2014 0.964 0.868 0.991 L |

ETSS Pinar 2015 0.563 0.390 0.721 —u-

ETSS Dallapiazza, R. etal. 2015 0.713 0.604 0.801 E 3

ETSS Fathalla, H. et al. 2015 0.610 0.455 0.745 -1 H

ETSS Karppinen, A. et al. 2015 0.561 0.408 0.703 — -

ETSS Nie, S. et al. 2015 0.885 0.766 0.947 -

ETSS Tosaka, M. et al. 2015 0.500 0.328 0.672 =

ETSS Wang, F. et al. 2015 0.917 0.900 0.931 |

ETSS Zhan, R. et al. 2015 0.764 0.713 0.807

ETSS Gao Y et al. 2016 0.817 0.698 0.895

ETSS Guo Dong et al. 2016 0.600 0.501 0.691 =

ETSS Jang JH et al. 2016 0.692 0.640 0.739

ETSS Conrad, J.et al. 2016 0.850 0.704 0.931 -

ETSS Constantino, E. R. et al. 2016 0.143 0.055 0.324 =

ETSS Guvenc, G. et al. 2016 0.689 0.541 0.806 -

ETSS Kuo, C. H. et al. 2016 0.211 0.109 0.368 -

ETSS Qureshi, T. et al. 2016 0.936 0.855 0.973 |

ETSS Yildirim, A. E. et al. 2016 0.900 0.843 0.938 ||

ETSS Hasan A et al 2016 0.782 0654 0872 -7

ETSS 0.740 0.726 0.753

MTSS Sheenhan** et al 1999 0.417 0.269 0.581 E =

MTSS Kurosaki et al. 2000 0.750 0.574 0.870 —

MTSS Jain et al. ** 2007 0.500 0.225 0.775 —l—
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MTSS Ogawa, Y. et al. 2015 0.870 0.665 0.957 -0

MTSS Yan, Z. et al. 2015 0.889 0.810 0937 u

MTSS Gao Y et al.** 2016 0622 0474 0.751 -

MTSS Guo Dong et al. ** 2016 0.578 0.497 0.655 =

MTSS Guvenc, G. et al.** 2016 0.776 0.638 0.871 -:

MTSS Hasan A **et al 2016 0.813 0712 0.884
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<« Fig. 2 . Subgroup analysis by the type of TSS, forest plot of gross tumor
resection rate and 95% CI for patient with PA who had transsphenoidal

surgery

[89]. In a multivariate model, however, the same study
showed that larger pituitary adenomas were associated with
a lower extent of resection [89]. In this meta-analysis, only a
difference in percentage of macroadenomas was identified as
a source of heterogeneity for mTSS NFPA resection, and dif-
ference in microadenoma percentage as a source of heteroge-
neity for eTSS FPA resection. The lack of a significant differ-
ence in GTR for eTSS and mTSS may be explained by longer
experience with mTSS, despite improved visibility with
eTSS.

One other meta-analysis also reported a significant differ-
ence in GTR between eTSS and mTSS, but heterogeneity was
not described (79% vs. 65% respectively, p<0.01) [24].
Similarly, one study examining 15 cohort studies also reported
a higher rate of GTR for eTSS (OR=1.86, 95% CI: 1.36—
2.54) [34]. Another study found similar results for pituitary
adenomas invading the cavernous sinus (47% vs. 21% respec-
tively, p <0.01) [26]. Three other systematic reviews have
suggested no significant differences in GTR between the
two modalities [76, 79, 81].

Although it remains unclear which of the two treatment
modalities, €TSS or mTSS, is superior for GTR, other factors
may also play a key role in outcomes for patients with pitui-
tary adenomas, and this meta-analysis cannot fully address
these concerns. For example, ¢TSS may be associated with
shorter length of stay and lower costs [24, 36, 73, 76]. Other

experts have suggested, however, that ¢TSS, which generally
requires longer operative times, may adversely affect both
patient and financial outcomes [66]. Furthermore, one meta-
analysis found an association between €TSS and vascular
complications when compared to mTSS (1.58 vs. 0.50%,
p<0.01) [1]. Proposed reasons for this difference include
more aggressive surgical excision in patients undergoing
eTSS, perhaps due to the superior visualization permitted by
this modality. Other patient-related factors that may alter the
choice may be quality of life and visual improvement after
surgery, which have not been compared between the modali-
ties [62, 85]. Also, a meta-analysis showed that eTSS was
associated with more postoperative visual improvement [24].
Remission of hypersecretion of FPA may also form an indi-
cation for either of the modalities, although one meta-analysis
showed a nonsignificant difference [36, 67]. This is particu-
larly relevant as for most FPAs the main goal of the surgery is
to achieve hormonal recovery instead of GTR [29, 67]. This is
why hormonal recovery could be viewed as a far superior
outcome to GTR for FPA patients. Nevertheless, GTR is sug-
gested to be predictive of hormonal recovery [42]. However, it
remains to be elucidated what the exact contribution of GTR is
to postoperative hormonal recovery rate, as many other factors
also contribute to this outcome (e.g., dopamine-antagonists for
prolactinoma) [72]. Finally, recurrence, progression free, and
overall survival, which were also not directly compared, could
further aid decision making. Recently, an analysis of nearly
6000 operations demonstrated that eTSS was associated with
higher rates of complications, longer postoperative hospital
stays, and increased costs when compared to mTSS. It is

Model Group by
Surgical Intervention

Study name

ETSS Cappabianca et al. 2002
ETSS Choe et al. 2008
ETSS Dehdashti et al 2008
ETSS O Malley et al 2008
ETSS Charalampaki et al. 2009
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0.88 0.77 0.94
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0.77 056 0.90
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Fig. 3 . Subgroup analysis by the type of TSS, forest plot of gross tumor resection rate and 95% CI for patient with functional PA who had

transsphenoidal surgery
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Model Group by Study name Time point Event rate and 95% CI
Surgical Intervention Event Lower Upper
rate limit limit
ETSS Sheehan et al.* 1999 0438 0.225 0.676 +-L
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ETSS Zhan, R. et al 2015 0.764 0.713  0.807
ETSS Karppinen A et al 2015 0561 0.408 0.703 -
ETSS Hasan A.etal * 2016 0.782 0.654 0.872
ETSS Yildirim, A. E. et al. 2016 0.900 0.843 0.938 [ |
ETSS Jang JH 2016 0624 0.546 0.696 B
Fixed ETSS 0.710 0.687 0.733
Random ETSS 0741 0675 0.797
MTSS Sheehan et al. ** 1999 0417 0.269 0.581 -
MTSS Kurosaki 2000 0.750 0.574 0.870
MTSS Messerer et al. ** 2011 0.500 0.393 0.607 L
MTSS Lampropoulos,K. etal. 2013 0629 0529 0.719 --
MTSS Dallapiazz et al. ** 2014 0930 0.805 0.977 E |
MTSS Karppinen A et al ** 2015 0.444 0.365 0.526 B
MTSS Hasan A etal ** 2016 0813 0.712 0.884 ‘F
MTSS Mortini P et al. 2005 0.648 0.598 0.696 [ |
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Fig. 4 . Subgroup analysis by the type of TSS, forest plot of gross tumor

transsphenoidal surgery

resection rate and 95% CI for patient with nonfunctional PA who had

important to remember that these economic factors may also
play a role in decisions regarding methodological choice, be-
yond just patient- and prognosis-related variables [2].
Strengths of this meta-analysis include the systematic
search strategy and fully updated reference list. This is the
largest meta-analysis conducted to date on this topic, and the
second to identify a significant difference in GTR between the
two modalities [24]. Additionally, this meta-analysis reported
and attempted to address heterogeneity via subgroup analysis
by numerous study and patient-level characteristics.
Limitations of this meta-analysis include the high hetero-
geneity identified among the studies for both eTSS and mTSS.
Additionally, odds ratios or relative risks could not be calcu-
lated due to the study design of the included studies, as the
vast majority were retrospective case series. Furthermore, due
to inconsistent reporting among the studies included, meta-
regression by Knosp score, Hardy-Wilson tumor grading, or
asymmetric suprasellar extension was not possible [26].
Furthermore, using both fixed- and random-effect models
may help determine the true difference in GTR, but a
random-effect model is often not significant when a fixed-
effect model is. As with any meta-analysis, its strength is
determined only by the strength of the studies included within
it. The literature on this topic mostly consists of retrospective
case series of varying size; thus, pooled analysis is limited in

@ Springer

showing causality. Furthermore, it was not possible to incor-
porate surgeon experience, which may also influence GTR
rate [5, 9]. Surgical outcomes after giant pituitary adenomas
resection could not be compared separately as only outcomes
after ETSS were reported in five studies and after ETSS,
MTSS, and craniotomy in one study [16, 18, 21, 48, 54, 68].
The latter suggests that ETSS results in significantly higher
GTR rate among giant pituitary adenomas [18]. This study
also examined only GTR and not the many other factors that
determine selection of surgical modality. GTR is an important
but limited marker for surgical success, especially when
resecting FPAs, for which hormonal recovery determines sur-
gical success, and when stereotactic radiosurgery (SRS) is
available [28, 67]. This limits the implications of this meta-
analysis for FPA patients.

As the technology for eTSS continues to advance, it is
likely that eTSS will continue to displace mTSS as the primary
approach for sellar lesions, regardless of whether carefully
collected evidence indicates superiority. The gold standard
for comparison between the two modalities would of course
be a prospective, randomized, controlled trial comparing
eTSS to mTSS for a large number of patients, as suggested
by the IDEAL (Idea, Development, Exploration, Assessment,
Long-term Follow-up, Improving the Quality of Research in
Surgery) Framework [63]. The IDEAL criteria require careful
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introduction accompanied by prospective evaluation for initial
patients. This should then be followed by a randomized
controlled trial to show true benefit [63]. There are many
reasons why such a study is unlikely to occur, including
surgeon preference and difficulties with patient enroll-
ment. In light of these difficulties and the unlikelihood
of such high-quality data, meta-analyses of currently
existing studies represent the highest quality data avail-
able. Further studies may be improved by focusing on
smaller subsets of these reports with the aim to reduce
heterogeneity and identify more granular differences in
the two approaches. Furthermore, a focus on evaluation
of relevant outcomes to patients, such as hormonal recov-
ery for FPA, visual recovery, and quality of life, is of vital
importance. Also, alternative trial design may aid finding
methodologically just ways of comparing these surgical
modalities [61, 63].

Conclusion

The pooled GTR rate in all pituitary adenoma patients
undergoing eTSS (74.0%) was significantly higher than
the GTR rate in patients undergoing mTSS (66.6%). For
NFPA, eTSS resulted in a significantly higher GTR rate
(71.0%) than mTSS (60.7%) in a fixed-effect model.
However, none of these differences were significant in
random-effect models. A direct comparison between the
two modalities was impossible due to the high heteroge-
neity among studies.
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