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Abstract

Background The endoscopic endonasal transsphenoidal approach (EETA) has revolutionized skull-base surgery;
however, it is associated with a steep learning curve (LC), necessitating additional attention from surgeons to ensure
patient safety and surgical efficacy. The current literature is constrained by the small sample sizes of studies and their
observational nature. This systematic review aims to evaluate the literature and identify strengths and weaknesses
related to the assessment of EETA-LC.

Methods A systematic review was conducted following the PRISMA guidelines. PubMed and Google Scholar were
searched for clinical studies on EETA-LC using detailed search strategies, including pertinent keywords and Medical
Subject Headings. The selection criteria included studies comparing the outcomes of skull-base surgeries involving
pure EETA in the early and late stages of surgeons' experience, studies that assessed the learning curve of at least one
surgical parameter, and articles published in English.

Results The systematic review identified 34 studies encompassing 5,648 patients published between 2002 and 2022,
focusing on the EETA learning curve. Most studies were retrospective cohort designs (88%). Various patient assort-
ment methods were noted, including group-based and case-based analyses. Statistical analyses included descriptive
and comparative methods, along with regression analyses and curve modeling techniques. Pituitary adenoma (PA)
being the most studied pathology (82%). Among the evaluated variables, improvements in outcomes across variables
like EC, OT, postoperative CSF leak, and GTR. Overcoming the initial EETA learning curve was associated with sus-
tained outcome improvements, with a median estimated case requirement of 32, ranging from 9 to 120 cases. These
findings underscore the complexity of EETA-LC assessment and the importance of sustained outcome improvement
as a marker of proficiency.

Conclusions The review highlights the complexity of assessing the learning curve in EETA and underscores the need
for standardized reporting and prospective studies to enhance the reliability of findings and guide clinical practice
effectively.
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Background

With the advent of endoscopic techniques, skull-base
surgery has significantly advanced. The modern history of
neuro-endoscopy began in the early 1900s with an inno-
vation by Lespinasse and Dandy, involving intraventricu-
lar endoscopy to coagulate the choroid plexus for treating
communicating hydrocephalus [1]. In 1963, Guiot first
reported an endoscopic approach via the transsphenoi-
dal route as an adjunct to procedures performed under
microscopy [2, 3]. In 1992, Jankowski et al. described a
purely endoscopic approach for pituitary adenoma resec-
tion [1].

The advantages of endoscopy have encouraged skull-
base surgeons to adopt this technique, which provides
a panoramic view of critical anatomical landmarks and
improved access to the corners and deep surgical areas
while inducing only minor trauma to the nasal struc-
tures, thereby enhancing postoperative patient comfort
[4]. Compared with procedures involving microscopy,
the endoscopic approach results in a shorter operating
time (OT), a reduced hospitalization period, a lower rate
of complications, and a higher endocrinological cure rate
[5, 6]. Despite these benefits, the endoscopic approach is
hindered by a two-dimensional view, instrument interfer-
ence, difficulties in achieving homeostasis, and a steep
learning curve (LC) [4].

Since its inception, pioneers in the field have rec-
ognized the steep LC associated with the endoscopic
technique [7]. The safety and efficacy of the endoscopic
endonasal transsphenoidal approach (EETA), as an alter-
native to the gold-standard microscopic technique, have
been established. However, the steep LC associated with
the endoscopic approach may affect short-term outcomes
post-procedure [5, 6]. Additionally, as the skull-base
endoscopic technique constantly evolves and expands, a
thorough understanding of the associated LC is critical.

The results of existing publications on the EETA-LC
are challenging to interpret due to small sample sizes,
observational study designs, and a lack of standardiza-
tion in assessment methodologies. In this systematic
review aims to elucidate the EETA-LC from the literature
by addressing the following questions: How was EETA
LC evaluated? Which set of variables was used to assess
the LC? What is the influence of the LC on the examined
variables?

Methods

A systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines [8]. The review was registered
on PROSPERO (CRD42023494731). We searched differ-
ent databases for articles that assessed the learning curve
of EETA without date restriction (PubMed, and Google
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Scholar). We used a particular equation for each data-
base using a combination of the following keywords and
Medical Subject Headings: (Endoscopy OR endoscopic
skull base OR endoscopic endonasal transsphenoidal
approach) AND (Skull Base Neoplasms OR Pituitary
OR pituitary adenoma) AND (Learning Curve OR endo-
scopic learning curve OR surgical learning curve).

First, two authors (AA, MA) independently screened
the titles and abstracts of articles in the databases for
learning curve analysis of EETA, either for a single sur-
geon or a team, by directly comparing outcomes between
early and late cases performed. The full texts of the rel-
evant articles were reviewed. When there was a disagree-
ment, the articles were thoroughly discussed before their
inclusion in the review. The bibliographies of the selected
studies were also screened for relevant citations, which
turned up studies that were already selected from the
database search.

Studies were included according to the following inclu-
sion criteria: 1) Comparison of outcomes between initial
and advanced experiences with the endonasal endoscopic
transsphenoidal approach to treat skull-base pathol-
ogy, defined as "early experience" and "late experience,"
respectively; 2) Assessment of at least one parameter
based on early and late experiences; 3) Randomized con-
trolled trials, prospective cohort studies, retrospective
cohort studies, case—control studies, and case series stud-
ies were included; and 4) English-language publications.

The study’s exclusion criteria included the following: 1)
Studies not performing learning curve analysis; 2) Stud-
ies comparing the outcomes of microscopic and endo-
scopic transsphenoidal approaches without providing
separate data for the endoscopic approach; 3) Studies
comparing the learning curve between two EETA tech-
niques, using simulated models or questionnaire-based
analysis; 4) Studies comparing the microscopic vs. endo-
scopic approach without separate data available specifi-
cally for the endoscopic arm. Additionally, case reports,
reviews, animal studies, technical notes, comments, and
correspondence were excluded.

Data collection and analysis

The following data were extracted directly from the arti-
cles: 1) author names; 2) the year of publication; 3) Time
interval of performed procedures; 4) study design; 5) the
sample size; 6) techniques used for learning curve analy-
sis (methods used to assort the patients for the analysis);
(conducting statistical analysis vs. simple comparison of
outcomes); 7) the sample size in each study arm when
group splitting performed (early experience vs. late expe-
rience); 8) detailed information about surgeon experience
at the time of LC assessment (including or omitting the
first few EETA cases); 9) single vs. multiple pathologies;
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Identification of studies via databases and registers

Records identified from:
Databases (n = 3368)
PubMed: (n=108)

Google Scholar: (n=3260)

Records removed before
screening:.
Duplicate records removed
(n=82)

Records identified from:

From other sources (n=0) *

[ Identification ]

A

Records screened
(title and/or abstract)
(n =3286)

Records excluded

Records removed for non-relevance after title and/or
abstract screening (n =3097)

Non-clinical study (n=34)

Editonals, case reports, review articles (n=112)
Non-English (n=3)

Screening

Reports assessed for eligibility
(Full text) >
(n = 40)

Reports excluded

A comparison of the learning curve between two
Endoscopic Endonasal Transsphenoidal Approach
(EETA) techniques, based on a simulated model and
questionnaire-based analysis (n=4)

A comparison of the microscopic vs. endoscopic
approach without separate data on the endoscopic arm
(n=2)

Studies included in review
(n=34)

Included

—

Fig. 1 PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses

*The bibliographies of the selected studies were also screened for relevant citations which turned up studies already included from databases

search

10) team vs. single-surgeon experiences; 11) evaluated set
of variables; 12) Variables that improved with experience;
and 13) the number of cases required to overcome the
initial LC or other methods to identify overcoming the
learning curve.

Study quality assessment and risk of bias

Two reviewers conducted a quality assessment and eval-
uated the risk of bias in the included articles. We utilized
the Newcastle-Ottawa Scale (NOS) [9] and the GRADE
system [10].

Heterogeneity Analysis: Due to substantial heterogene-
ity observed among the included studies, which encom-
passed variations in study design, included pathologies,
and outcome measures, a formal meta-analysis was not
feasible. Therefore, we opted for a qualitative synthesis
instead of a formal meta-analysis. Heterogeneity analysis
and sensitivity analyses were not explicitly conducted.

Results

Based on the inclusion and exclusion criteria, a total
of 34 studies were identified (6 articles excluded after
reviewing the full articles), including 5,648 patients [7,
11-43] (Fig. 1). The included studies were published
between 2002 and 2022, and the evaluated procedures
were performed between 1990 and 2018. The majority
of the included articles comprised retrospective cohort
studies (88%), with two being prospective studies, and
two articles presenting data from both prospective and
retrospective study designs. Assessing a surgical learn-
ing curve involves various methods and techniques
documented within the included articles. We observed
various methods for patient assortment in conduct-
ing learning curve analyses across the literature, with
group-based learning curve analysis noticeable in a
significant proportion of articles (68%). Within these



Alomari et al. BMC Surgery (2024) 24:135

studies, there was an unclear rationale behind patient
grouping. Nonetheless, patients were categorized into
either equal group, segmented based on arbitrary time
periods, or separated based on improvements in out-
comes observed retrospectively after data analysis.
Eleven articles (32%) utilize case-based analysis, where
individual surgical cases serve as distinct data points,
and their outcomes are monitored over time.

Our systematic review encompasses a wide range
of statistical tests employed in the included studies to
analyze various data types and address multifaceted
research inquiries. The primary statistical methodolo-
gies utilized encompass descriptive statistical analysis,
which includes metrics such as mean, median, fre-
quency, and standard deviation, along with compara-
tive statistical analysis, which includes techniques such
as Chi-square analysis, analysis of variance (ANOVA),
and t-tests. Descriptive statistical analysis alone was
evident in 10 articles (29%), whereas comparative
statistical analysis was present in 24 articles (71%).
Noteworthy examples include Leach et al. [16], who
conducted analysis of variance (ANOVA) with post hoc
Bonferroni tests for parametric data, Chi-Square Test,
or Mann—Whitney tests for nonparametric data, and
regression analysis to explore the relationship between
surgical duration and relevant factors. Smeth et al.
[17] undertook analyses using chi-square, Fisher exact,
Student t-test, Mann—Whitney U test, and analysis of
variance, aligning with their examination of categorical
and continuous variables across distinct groups. Simi-
larly, Sonnenburg et al. [12] applied a one-way ANOVA
to discern variations between groups, highlighting the
importance of understanding differences in means
across categorical variables or treatment cohorts.

Regression analyses, scatterplots, McNemar tests, ROC
curve analysis, and logistic regression models were inte-
gral across various studies, serving multiple purposes.
Regression analyses, such as linear regression mod-
els, facilitated the exploration of intricate relationships
among variables like age, tumor size, and surgical dura-
tion, identifying potential risk factors in surgical contexts
[22]. Scatterplots visually depicted these relationships,
offering intuitive insights into temporal variations, nota-
bly in the examination of surgery date versus duration
[22]. McNemar tests were instrumental in evaluating
changes in hormone levels, crucial for understanding
postoperative outcomes and hormonal dynamics [37].
Additionally, ROC curve analysis provided a robust
method for determining the level of surgical experience
necessary to achieve gross total resection (GTR), offering
actionable insights into surgical proficiency and patient
outcomes [37]. Binary logistic regression models were
utilized to identify prognostic factors contributing to the
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attainment of Gross Total Resection (GTR), hormonal
recuperation, and visual restoration. For instance, vari-
ables such as surgical experience (<100 vs.>100 cases)
were examined within this analytical framework [37].

In our examination of the included articles, we noted
a lack of thorough description regarding the experience
of surgeons or surgical teams with the endoscopic endo-
nasal transsphenoidal approach (EETA), the extent of
the approach undertaken, and the level of involvement
of individual surgeons or surgical teams during proce-
dures. Thirteen articles (38%) reported including the
initial cases of EETA, which may indicate a lack of prior
experience with the approach. Additionally, seven articles
(21%) detailed the experience of a single surgeon, while
the majority (79%) evaluated team experiences. There
was a wide range of pathologies included in all the stud-
ies. Twenty articles (59%) focused on a single pathology,
while fourteen studies (41%) examined multiple patholo-
gies. Pituitary adenoma (PA) was the most frequently
reported pathology (82%), followed by craniopharyn-
gioma (CP) (44%). Three studies assessed the learning
curve of cerebrospinal fluid (CSF) leak repair following
treatment of multiple pathologies. Descriptions of the
surgical approach, particularly distinguishing between
simple and extended techniques, were notably lack-
ing across all articles. However, seventeen articles (50%)
did mention pathologies that often require an extended
approach, such as meningioma, chordoma, and CP. A
number of studies have investigated the variations in
tumor type and size among the examined groups, par-
ticularly between early and late groups. Notably, findings
from studies such as [7, 16, 17, 22, 23, 26, 38] indicated
that no statistical differences were observed between
these groups. The characteristics of the included studies
[7, 11-43] are summarized in Table 1.

The EETA-LC was evaluated based on a diverse set of
variables. The most frequently analyzed variables were
postoperative cerebrospinal fluid (CSF) leak in 28 articles
(82%) (7, 12, 13, 15-17, 19-23, 25, 27-29, 31-43], gross
total resection (GTR) in 21 articles (62%) [7, 13, 14, 16,
19, 21, 22, 26-34, 36—-40], post operative diabetes insip-
idus (DI) in 15 articles (44%) [12, 13, 16, 17, 19, 21, 22,
29-32, 34, 36, 37, 41], operative time (OT) in 12 articles
(35%) [7, 13, 14, 16, 17, 22, 29, 32, 34-36, 38] and visual
improvement in 12 articles (35%) [13, 14, 16, 21, 22, 28,
31, 32, 34, 36, 37, 41]. (Fig. 2).

In all the studies included, improvements were
observed between early and late-experience stages [7,
11-43]. Among the evaluated variables, the following
improvements were noted: the endocrinological cure
rate (EC) showed improvement in all 7 articles out of 7
evaluated [13, 16, 18, 21, 24, 30, 33], operative time (OT)
improved in 11 out of 12 articles (91%) [13, 14, 16, 17,
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Author Study design Patients’age Number  Patientsineach First few Pathology Team or single  Descriptive or
range (years) of group cases (single or surgeon comparative
patients included multiple) SA?
Younusetal.[7]  Retrospective NA 1,000 500/500 No PA,CPothers Team Comparative SA
Cappabianca Retrospective 17-75 100 50/50 Yes PA, CP, others Team Descriptive
etal.[11] SA
Sonnenburg Retrospective NA 45 15/15/15 Yes PA, RC, others Team Comparative SA
etal. [12]
Kenanetal [13]  Retrospective 1-67 78 40/38 Yes PA Team Comparative SA
Yano et al. [14] Retrospective 15-85 233 NA NA PA, CP, others Team Comparative SA
Gondim et al. Retrospective 13-79 228 NA Yes PA Team Descriptive SA
[15]
Leach et al. [16] Retrospective NA 125 53/72 Yes PA, CP, others Single surgeon Comparative SA
Smith et al. [17] Retrospective NA 51 17/17/17 Yes PA, CP, others Team Comparative SA
Wagenmakers Retrospective NA 36 NA NA PA Team Comparative SA
etal [18]
Kumaretal. [19]  Retrospective 18-83 136 68/68 Yes PA, CP, others Team Descriptive SA
Snyderman etal.  Retrospective NA 700 NA Yes PA, CP, others Team Descriptive SA
[20]
Bokharietal. [21]  Retrospective 26-85 79 27/26/26 Yes PA Single surgeon Comparative SA
Chietal. [22] Retrospective 21-78 80 40/40 Yes PA Single surgeon Comparative SA
de los Santos Retrospective 32-84 40 20/20 Yes PA,AC,others Team Descriptive SA
etal.[23]
Hazer et al. [24] Retrospective 17-75 217 NA No PA Team Comparative SA
Jakimovskiatel.  Prospective NA 203 NA NAP PA Team Comparative SA
[25]
Koutourousiou Retrospective 27-88 45 15/15/15 No Meningioma Team Descriptive SA
etal. [26]
Mascarenhas Retrospective 5-86 122 63/63 (126 NA PA,CPothers Team Descriptive SA
etal. [27] surgeries)
Ottenhausen Retrospective 31-81 20 8/12 No Meningioma Team Comparative SA
etal. [28]
Ananth etal.[29] Retrospective &  19-62 32 NA NA PA,CPothers Single surgeon Descriptive SA
prospective
Jang et al. [30] Retrospective 21-78 331 102/229 NA PA Team Descriptive SA
Kshettry et al. Retrospective 14-74 43 20/23 NA @3 Team Comparative SA
[31]
Qureshietal.[32] Retrospective 28-80 78 9/69 NA PA Team Comparative SA
Shou et al. [33] Retrospective 14-74 178 89/89 NA PA Team Comparative SA
Ding et al. [34] Retrospective 21-67 33 17/16 NA @ Team Comparative SA
Shikary et al. [35]  Retrospective NA 202 NA Yes PA Team Comparative SA
Eseonuetal.[36] Retrospective &  NA 275 118/157 NA PA Single surgeon Comparative SA
prospective
Kim et al. [37] Retrospective 16-86 331 100/231 NA PA Single surgeon Comparative SA
Lofrese et al. [38]  Retrospective 42-65 95 47/48 NA PA Team Comparative SA
Robins etal. [39]  Retrospective NA 142 NA NA PA Team Comparative SA
Algattas et al. Retrospective 3-82 62 NA No cp Team Descriptive SA
[40]
Soliman etal.[41] Retrospective 27-82 56 NA NA PA,CPothers Team Comparative SA
Nix et al. [42] Prospective 2-81 127 45/82 NA PA,CPothers? Team Comparative SA
Park et al. [43] Retrospective NA 125 30/95 Yes Meningioma, CP,  Single surgeon  Comparative SA

others?

NA Not available, PA Pituitary adenoma, CP Craniopharyngioma, RC Rathke’s cyst, SA Statistical analysis performed

2The utilization of either comparative statistical analysis or solely descriptive statistical analysis

b Learning curve of cerebrospinal fluid leaks repair (spontaneous or following resection of multiple pathologies)
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Fig. 2 Frequency at which certain variables were evaluated in the literature to assess the EETA learning curve. EETA, endoscopic endonasal
transsphenoidal approach; post-op, postoperative; CSF, cerebrospinal fluid; GTR, gross total resection; DI, diabetes insipidus; LOS, length of stay; IOP,
intraoperative; ICA, internal carotid artery; SIADH, syndrome of inappropriate antidiuretic hormone secretion; LD, lumbar drain; CNS, central nervous
system; CN, cranial nerve; EBL, estimated blood loss; DVT, deep vein thrombosis

22, 29, 32, 34-36, 38], postoperative cerebrospinal fluid
leak (CSF) improved in 23 out of 28 articles (82%) [12
15, 17, 19, 20, 22, 23, 25, 27-29, 31-35, 37-43], visual
improvement was observed in 9 out of 12 articles (75%)
(13, 14, 16, 22, 28, 31, 34, 37, 41], gross total resection
(GTR) improved in 14 out of 21 articles (67%) [7, 13, 14,
19, 21, 22, 26-30, 38—40], hospital length of stay (LOS)
decreased in five out of 10 studies (50%) [11, 12, 16, 17,
22], and postoperative diabetes insipidus (DI) decreased
in 7 out of 15 articles (47%) (3, 14, 16, 17, 21, 22, 33]
(Fig. 3).

Moreover, 12 articles (35%) reported both significant
and non-significant improvements in outcomes [7, 13,

14, 16, 17, 21, 22, 31, 32, 34, 38, 41]. In 10 studies (29%),
solely a trend of improvement was observed [11, 15, 19,
20, 23, 26, 27, 29, 30, 40], while 8 articles (23%) reported
solely significant improvements [18, 24, 25, 35-37, 42,
43]. However, in four studies, despite observing a ten-
dency towards better outcomes, no statistical dispari-
ties were identified among all assessed variables [12, 28,
33, 39]. None of the included studies reported a dete-
rioration in any of the assessed outcomes over time,
except for one study where a significant decline in GTR
was observed in the late group [33]. This decline was
attributed to the inclusion of more invasive and com-
plex tumors in the late group. Nevertheless, Younus

Proportion of main improved variables

Post-op CSF leak

Visual improvement

post-op DI

Fig. 3 Proportion of main |mproved variables with experiences. EC, Endocrinological cure; OT, Operatl\/e time; post-op: postoperative; CSF,
cerebrospinal fluid; GTR, gross total resection; hLOS, hospital length of stay; DI, diabetes insipidus
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et al. documented ongoing improvement in GTR even
after surpassing the initial learning curve [7].

In this systematic review, the primary technique
employed to determine the transition point indicating
the overcoming of the initial learning curve involved
observing sustained and consistent improvement in
outcomes over time. In almost half of the included arti-
cles, overcoming the initial learning curve (observing
improvement of outcomes) was linked to the number
of cases performed. Out of the 34 analyzed studies, 16
(47%) estimated the number of cases needed to over-
come the initial learning curve of EETA. Reported cases
ranged widely from 9 to 120, with a mode of 50. Consid-
ering both the median and the Interquartile Range (IQR)
provides a comprehensive understanding of the reported
case distribution and central tendency for overcoming
the initial EETA learning curve. The median number of
cases needed is 32, with an IQR of 20. These numbers are
estimates and require careful interpretation [16, 17, 20—
25, 29, 31-33, 35-38, 42].

Regarding the quality of included studies, the NOS
quality assessment scale was used. 21 studies graded as
fair quality while the remaining 13 articles rated as poor
quality [9]. The risk of bias was evaluated according to
the GRADE system. All included studies are observa-
tional cohort study and graded either as low or very low
grade [10]. This reflects the great heterogeneity and high
risk of bias due to the study design of the current EETA-
LC literature.

Discussion

Endoscopic techniques have drastically improved skull-
base surgery. Unlike procedures involving a microscope,
many neurosurgeons have acquired experience in endo-
scopic techniques later in their careers, and the level of
exposure to these techniques during training years has
varied among surgeons. The LC is a critical factor in the
acquisition of new surgical skills. Understanding the link
between the EETA-LC and surgical outcomes will enable
surgeons to better understand what to expect and what
measures to apply as those surgical skills develop. Many
studies in other surgical domains have reported on the
LC during the acquisition of new surgical techniques
[44—47]. Most minimally invasive surgeries are associ-
ated with a challenging LC, and EETA is no exception [7,
46).

The concept of the LC was first established in the field
of aircraft manufacturing and refers to an improvement
in performance over time [48]. Smith et al. [17] have
defined it as the number of procedures that must be per-
formed for the outcomes to approach a long-term mean
rate. Typically, an LC is characterized by an S-shaped
curve with three stages: an early phase, during which new
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skill sets are acquired; a middle phase, in which the speed
of learning rapidly increases; and an expert phase in
which the performance reaches a plateau [49]. However,
other curves have been proposed that involve a dip in the
LC following the initial acceleration of the learning rate;
this occurs especially with handling more challenging
cases. Another potential decline may emerge after a long
period of experience. Despite having reached a plateau
in the learning curve after an extended period, declines
in manual dexterity, eyesight, memory, and cognition
may overshadow the benefits of accumulated experience,
leading to diminished performance levels [50].

The absence of consensus on the best applicable meth-
ods to describe and assess the learning curve may explain
the diversity of analysis methods observed in this sys-
tematic review. In their large systematic review regard-
ing learning curve assessment in healthcare technologies,
Ramsay et al. [51] reported that group splitting was the
most frequent method. They defined group splitting as
dividing the data by experience levels and conducting
testing on discrete groups, often halves or thirds. The
statistical methods applied included t-tests, chi-squared
tests, Mann—Whitney U tests, and simple ANOVA.

In our review, we reached a similar conclusion. We
observed that a substantial portion of articles (68%) uti-
lized group-based learning curve analysis [7, 11-13, 16,
17,19, 21-23, 26-28, 30-34, 36-38, 42, 43]. Additionally,
we similarly noted that papers frequently lacked expla-
nations for the selection of cut points, raising concerns
about potential bias resulting from data-dependent split-
ting. It is important to acknowledge that this method of
group categorization has inherent drawbacks, includ-
ing challenges related to small sample sizes, the use of
arbitrary cutoff points, and the inability to eliminate all
potential confounding variables [52].

Descriptive analysis was found in 10 articles (29%)
within this review [11, 15, 19, 20, 23, 26, 27, 29, 30, 40].
While providing an initial grasp of data distribution and
characteristics, descriptive analysis may fall short in cap-
turing the intricate dynamics of the learning curve over
time or the factors affecting its impact [51]. Alterna-
tively, conducting rigorous statistical analyses afterward
offers better insight and interpretation of the results. This
approach aims to mitigate the influence of confounding
factors on outcome assessments over time [51, 52].

In our review, 24 articles (71%) conducted a wide vari-
ety of statistical analyses [7, 12-14, 16-18, 21, 22, 24,
25, 28, 31-39, 41-43], including but not limited to the
following tests: Chi-square Test, Fischer exact test, Stu-
dent’s t-test, Analysis of Variance (ANOVA), Mann—
Whitney U Test, McNemar tests, Multivariate linear
regression model, Cumulative Sum (CUSUM), and ROC
Curve Analysis [13, 16, 22, 32, 37-39]. Four studies
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indicated that there was no statistically significant dif-
ference observed among the variables under evaluation.
The lack of significance was attributed to several fac-
tors including small sample sizes, meticulous case selec-
tion, involvement of an otolaryngology team throughout
the procedure, an increase in the number of invasive
tumors in the late-experience study group, previous sur-
gical experience, intensive training, level of supervision,
and gradual inclusion of residents [12, 28, 33, 39]. These
efforts should be regarded as beneficial strategies aimed
at reducing the steepness of the EETA learning curve.

To obtain more accurate results, it is crucial to elimi-
nate confounding factors, such as the level of supervi-
sion, prior experience, the heterogeneity of cases being
treated, and their complexity when evaluating the LC.
Thus, it is essential to incorporate multivariate logis-
tic regression analysis to mitigate the impact of these
potential confounding factors [51]. Chi et al. [22] divided
their patients into equal groups of 40 cases each. They
then compared potential confounding variables to mini-
mize their influence on learning curve assessment. This
comparison includes demographic and clinical factors
between the two groups, such as sex distribution, mean
age, tumor size (microadenomas vs. macroadenomas),
visual field defects, and tumor types (non-functioning,
functioning adenomas, etc.). By conducting these com-
parisons, the researchers sought to identify discrepancies
in demographic and clinical features between the groups.

The description of a surgeon’s extensive prior experi-
ence is crucial for accurately quantifying the assessment
of the learning curve, a point reported to be neglected
during the assessment in various types of learning assess-
ments related to healthcare procedures [49]. In our
review, we observed the same conclusion in all included
studies. However, the inclusion of the initial first few
cases was mentioned in 13 (38%) articles, which might be
used as a surrogate for no prior experience with EETA.
Furthermore, five articles did not include the initial few
cases. Among these, four studies examined the learning
curve of more complex cases such as meningioma, crani-
opharyngioma, and growth hormone pituitary adenoma,
employing an extended approach. Conversely, Younus
et al. [7] deliberately excluded these cases to assess vari-
ous stages of the learning curve.

Assessing multiple pathologies with varying complexi-
ties could significantly impact learning curve assess-
ments. In our review, 59% of articles focused on a single
pathology, while 41% explored multiple pathologies. Pitu-
itary adenoma (PA) was the most evaluated (82%), fol-
lowed by craniopharyngioma (CP) (44%). Controlling
confounding variables like tumor type and size may yield
more reliable results. Some studies used statistical analy-
ses to compare early and late cases, while others relied
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on descriptive analyses. Shou et al. noted a drop in GTR
over time due to late involvement of complex cases [33].
Conversely, studies analyzing tumor size and type found
GTR improvement with experience [7, 23]. Thorough
multivariable analysis of confounding factors is crucial
for representative LC analysis.

The LC is often assessed based on two main categories
of variables: those related to the surgical procedure (OT,
estimated blood loss, and extent of resection) and those
related to patient outcomes (duration of hospitalization,
the incidence of complications, and the mortality rate)
[50]. In this systematic review, OT was one of the most
frequent parameters that significantly reduced as one
gained experience. Although OT is commonly utilized
as an outcome measure, it is only a surrogate means of
evaluating the LC and may not always accurately repre-
sent patient outcomes [52]. Another point to consider is
the lack of standardized variables for assessing the LC,
and the included studies evaluated more than 45 distinct
variables. Khan et al. highlighted the importance of using
consistent variable definitions across studies to derive
accurate conclusions from aggregated LC data [52].

A dynamic relationship exists between surgical out-
comes and the LC, and each phase of the LC influences
a distinct set of variables differently. One study, which
included data from 1,000 EETA cases after purposely
eliminating the first 200 cases, showed that variables such
as GTR and the endocrinological cure rate continued to
improve after the first 200 cases, whereas other param-
eters remained unchanged. Authors concluded that some
variables will continue to improve after passing the ini-
tial LC phase [7]. Determining the precise number of
cases needed to surpass the initial learning curve (LC)
has proven challenging. Shikary et al. observed a notable
decrease in postoperative CSF leaks after 100 surgeries,
while a reduction in operative time was evident after 120
cases [35]. However, specifying a definitive number to
overcome the learning curve of the Endoscopic Endona-
sal Transsphenoidal Approach (EETA) remains challeng-
ing due to individual variability, diverse pathologies, and
evolving surgical techniques.

Assessing the learning curve of the Endoscopic Endo-
nasal Transsphenoidal Approach (EETA-LC) faces nota-
ble challenges due to its intricate techniques and the wide
array of pathologies it addresses. The diversity across
specialties makes standardizing studies difficult. To
understand the dynamic learning process in EETA-LC,
influenced by individual surgeon skill, patient nuances,
and procedural complexities, longitudinal studies and
advanced analytical methods are essential. Moreover, the
complexity of statistical analysis adds another layer of
challenge, highlighting the necessity for interdisciplinary
collaboration and innovative methodologies.
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To address the current limitations in the literature
regarding the EETA LC, we propose several key strategies
for future studies. Firstly, we advocate for multicenter
collaboration, coupled with standardized processes, to
comprehensively assess the EETA LC. This collabora-
tive approach will facilitate the aggregation of data from
diverse surgical settings, enhancing the generalizability
of findings and minimizing bias. Furthermore, rigorous
documentation of the previous and current experience of
involved surgeons is paramount. We suggest categorizing
surgeons based on their levels of experience to accurately
elucidate the impact of proficiency on surgical outcomes.
Secondly, given the wide variety of complexities of skull
base pathologies encountered, we recommend further
categorization of cases based on their levels of complex-
ity. This stratification will enable a more nuanced analy-
sis of the learning curve across different levels of surgical
challenge. Thirdly, standardization of outcome measures
used to assess the learning curve is imperative, with spe-
cific definitions provided for each outcome. This ensures
consistency and comparability across studies, facilitating
meaningful interpretation of results. Finally, conducting
prospective study designs with sufficient follow-up peri-
ods, along with rigorous multivariate statistical analyses
among these categorized groups, is essential to mitigate
the influence of confounding variables and strengthen
the validity of findings. Implementing these strategies
will help future studies to overcome the current limita-
tions in the literature, leading to a deeper understand-
ing of the EETA learning curve and ultimately improving
patient outcomes.

Conclusions

This systematic review identified 34 studies that reported
a relationship between improvements in surgical out-
comes and a surgeon’s level of experience with EETA.
There is notable significant heterogeneity in the current
literature on EETA-LC regarding the techniques used
to assess the LC, variables assessed, types of pathology
included, and insufficient reporting of the surgeon or
team’s current and previous experience with EETA. The
main variables improved with experience were EC, post-
operative CSF leak, OT, GTR visual improvement, and
hospital LOS. Future studies with multicenter collabora-
tion and standardized processes for assessing the EETA
LC will enhance generalizability and minimize bias. Rig-
orous documentation of surgeons’ experience levels,
categorization of cases by complexity, and standardized
outcome measures are essential. Additionally, rigorous
statistical analyses will strengthen validity and mitigate
confounding variables. Implementing these strategies
will deepen our understanding of the EETA learning
curve, ultimately leading to improved patient outcomes.
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Abbreviations

EETA  Endoscopic endonasal transsphenoidal approach
LC Learning curve

CSF Cerebrospinal fluid

DI Diabetes insipidus

GTR Gross total resection

Acknowledgements
Not applicable

Authors’ contributions

AA: Acquisition of Data, Analysis and Interpretation of Data, Drafting the
Article, Critically Revising the Article, Drafting the Article, Reviewed submitted
version of manuscript, Approved the final version of the manuscript on behalf
of all authors. Study supervision; MA: Conception and Design, Analysis and
Interpretation of Data, Reviewed submitted version of manuscript, Analysis
and Interpretation of Data; SA: Acquisition of Data, Conception and Design,
Critically Revising the Article, Analysis and Interpretation of Data, Administra-
tive / technical / material support.

Funding
No funding was received for this study.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Neurosurgery Department, East Jeddah Hospital, 2277 King Abdullah Rd,

Al Sulaymaniyah, 22253 Jeddah, Saudi Arabia. ?Otolaryngology and Head

and Neck Surgery Department, King Abdullah Medical Complex, Prince Nayef
Street, Northern Abhor, 23816 Jeddah, Saudi Arabia. *Neurosurgery Depart-
ment, King Abdulaziz Medical City, 21423 Jeddah, Saudi Arabia.

Received: 21 September 2023 Accepted: 20 April 2024
Published online: 05 May 2024

References

1. Cappabianca P, de Divitiis E. Endoscopy and transsphenoidal surgery.
Neurosurgery. 2004;54:1043-50.

2. Gandhi CD, Post KD. Historical movements in transsphenoidal surgery.
Neurosurg Focus. 2001;11:1-4.

3. Gandhi CD, Christiano LD, Eloy JA, Prestigiacomo CJ, Post KD. The histori-
cal evolution of transsphenoidal surgery: facilitation by technological
advances. Neurosurg Focus. 2009,27:E8.

4. de Divitiis E. Endoscopic transsphenoidal surgery: stone-in-the-pond
effect. Neurosurgery. 2006;59:512-20.

5. Rotenberg B, Tam S, Ryu WHA, Duggal N. Microscopic versus endoscopic
pituitary surgery: a systematic review. Laryngoscope. 2010;120:1292-7.

6. Tabaee A, Anand VK, Barron Y, Hiltzik DH, Brown SM, Kacker A, et al.
Endoscopic pituitary surgery: a systematic review and meta-analysis. J
Neurosurg. 2009;111:545-54.

7. Younus |, Gerges MM, Uribe-Cardenas R, Morgenstern PF, Eljalby M,
Tabaee A, et al. How long is the tail end of the learning curve? Results
from 1000 consecutive endoscopic endonasal skull base cases following
the initial 200 cases. J Neurosurg. 2020;134:750-60.



Alomari et al. BMC Surgery

20.

21

22.

23.

24.

25.

26.

27.

(2024) 24:135

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. Int J Surg. 2021;88:105906.

Wells G, Shea B, O'Connell D, Peterson J, Welch V, Losos M, Tugwell P. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonran-
domised studies in meta-analyses. 2013. Retrieved from http://www.ohri.
ca/programs/clinical_epidemiology/oxford.asp.

Balshem H, Helfand M, Schiinemann HJ, Oxman AD, Kunz R, Brozek J, Vist
GE, Falck-Ytter Y, Meerpohl J, Norris S, Guyatt GH. GRADE guidelines: 3.
Rating the quality of evidence. J Clin Epidemiol. 2011;64(4):401-6. https://
doi.org/10.1016/jjclinepi.2010.07.015.

. Cappabianca P, Cavallo L, Colao A, Del Basso De Caro M, Esposito F, Cirillo

S, et al. Endoscopic endonasal transsphenoidal approach: outcome
analysis of 100 consecutive procedures. Minim Invasive Neurosurg.
2002;45:193-200.

Sonnenburg RE, White D, Ewend MG, Senior B. The learning curve in
minimally invasive pituitary surgery. Am J Rhinol. 2004;18:259-63.

Kenan K, ihsan A, Dilek O, Burak C, Gurkan K, Savas C. The learning curve
in endoscopic pituitary surgery and our experience. Neurosurg Rev.
2006;29:298-305.

Yano S, Kawano T, Kudo M, Makino K, Nakamura H, Kai Y, et al. Endoscopic
endonasal transsphenoidal approach through the bilateral nostrils for
pituitary adenomas. Neurol Med Chir (Tokyo). 2009;49:1-7.

Gondim JA, Schops M, de Almeida JPC, de Albuquerque LAF, Gomes E,
FerrazT, et al. Endoscopic endonasal transsphenoidal surgery: surgical
results of 228 pituitary adenomas treated in a pituitary center. Pituitary.
2010;13:68-77.

Leach P, Abou-Zeid AH, Kearney T, Davis J, Trainer PJ, Gnanalingham KK.
Endoscopic transsphenoidal pituitary surgery: evidence of an operative
learning curve. Neurosurgery. 2010,67:1205-12.

Smith SJ, Eralil G, Woon K, Sama A, Dow G, Robertson . Light at the end of
the tunnel: the learning curve associated with endoscopic transsphenoi-
dal skull base surgery. Skull Base. 2010;20:69-74.

Wagenmakers MAE, Netea-Maier RT, van Lindert EJ, Pieters GF, Grotenhuis
AJ, Hermus AR. Results of endoscopic transsphenoidal pituitary surgery
in 40 patients with a growth hormone-secreting macroadenoma. Acta
Neurochir (Wien). 2011;153:1391-9.

Kumar S, Darr A, Hobbs C, Carlin W. Endoscopic, endonasal, trans-
sphenoidal hypophysectomy: retrospective analysis of 171 procedures. J
Laryngol Otol. 2012;126:1033-40.

Snyderman CH, Pant H, Kassam AB, Carrau RL, Prevedello DM, Gardner PA.
The learning curve for endonasal surgery of the cranial base: A systematic
approach to training. In: Kassam AB, Gardner PA, editors. Endoscopic
approaches to the skull base. Ettlingen: Karger Publishers; 2012. p.
222-31.

Bokhari AR, Davies MA, Diamond T. Endoscopic transsphenoidal pituitary
surgery: a single surgeon experience and the learning curve. Br J Neuro-
surg. 2013;27:449.

ChiF,WangV, LinY, Ge J, QiuY, Guo L. A learning curve of endoscopic
transsphenoidal surgery for pituitary adenoma. J Craniofac Surg.
2013,;24:2064-7.

de los Santos G, Fragola C, Del Castillo R, Rodriguez V, D'oleo C, Reyes P.
Endoscopic approaches to pituitary lesions: difficulties and challenges.
Acta Otorrinolaringol Esp. 2013;64(258):64.

Hazer DB, Isik S, Berker D, Guler S, Gurlek A, Yicel T, et al. Treatment of
acromegaly by endoscopic transsphenoidal surgery: surgical experience
in 214 cases and cure rates according to current consensus criteria. J
Neurosurg. 2013;119:1467-77.

Jakimovski D, Bonci G, Attia M, Shao H, Hofstetter C, Tsiouris AJ, et al.
Incidence and significance of intraoperative cerebrospinal fluid leak in
endoscopic pituitary surgery using intrathecal fluorescein. World Neuro-
surg. 2014;82:e513-23.

Koutourousiou M, Fernandez-Miranda JC, Wang EW, Snyderman CH,
Gardner PA. Endoscopic endonasal surgery for olfactory groove men-
ingiomas: outcomes and limitations in 50 patients. Neurosurg Focus.
2014;37:E8.

Mascarenhas L, Moshel YA, Bayad F, Szentirmai O, Salek AA, Leng LZ, et al.
The transplanum transtuberculum approaches for suprasellar and sellar-
suprasellar lesions: avoidance of cerebrospinal fluid leak and lessons
learned. World Neurosurg. 2014;82:186-95.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 10 of 11

Ottenhausen M, Banu MA, Placantonakis DG, Tsiouris AJ, Khan OH, Anand
VK, et al. Endoscopic endonasal resection of suprasellar meningiomas:
the importance of case selection and experience in determining extent
of resection, visual improvement, and complications. World Neurosurg.
2014,82:442-9.

Ananth G, Hosmath AV, Varadaraju DN, Patil SR, Usman MM, Patil RP, et al.
Learning curve in endoscopic transnasal sellar region surgery. J Evid
Based Med Healthc. 2016;3:3166-72.

Jang JH, Kim KH, Lee YM, Kim JS, Kim YZ. Surgical results of pure endo-
scopic endonasal transsphenoidal surgery for 331 pituitary adeno-

mas: a 15-year experience from a single institution. World Neurosurg.
2016;96:545-55.

Kshettry VR, Do H, Elshazly K, Farrell CJ, Nyquist G, Rosen M, et al. The
learning curve in endoscopic endonasal resection of craniopharyngio-
mas. Neurosurg Focus. 2016;41:E9.

Qureshi T, Chaus F, Fogg L, Dasgupta M, Straus D, Byrne RW. Learning
curve for the transsphenoidal endoscopic endonasal approach to pitui-
tary tumors. Br J Neurosurg. 2016;30:637-42.

Shou X, Shen M, Zhang Q, Zhang Y, He W, Ma Z, et al. Endoscopic
endonasal pituitary adenomas surgery: the surgical experience of 178
consecutive patients and learning curve of two neurosurgeons. BMC
Neurol. 2016;16:1-8.

Ding H, GuY, Zhang X, Xie T, LiuT, Hu F, et al. Learning curve for the
endoscopic endonasal approach for suprasellar craniopharyngiomas. J
Clin Neurosci. 2017;42:209-16.

Shikary T, Andaluz N, Meinzen-Derr J, Edwards C, Theodosopoulos P,
Zimmer LA. Operative learning curve after transition to endoscopic trans-
sphenoidal pituitary surgery. World Neurosurg. 2017;102:608-12.

Eseonu Cl, ReFaey K, Pamias-Portalatin E, Asensio J, Garcia O, Boahene KD,
et al. Three-hand endoscopic endonasal transsphenoidal surgery: experi-
ence with an anatomy-preserving mononostril approach technique.
Oper Neurosurg (Hagerstown). 2018;14:158-65.

Kim JH, Lee JH, Lee JH, Hong AR, Kim YJ, Kim YH. Endoscopic trans-
sphenoidal surgery outcomes in 331 nonfunctioning pituitary

adenoma cases after a single surgeon learning curve. World Neurosurg.
2018;109:e409-16.

Lofrese G, Vigo V, Rigante M, Grieco DL, Maresca M, Anile C, et al. Learning
curve of endoscopic pituitary surgery: experience of a neurosurgery/ENT
collaboration. J Clin Neurosci. 2018;47:299-303.

Robins JM, Alavi SA, Tyagi AK, Nix PA, Wilson TM, Phillips NI. The learning
curve for endoscopic trans-sphenoidal resection of pituitary macroade-
nomas. A single institution experience, Leeds, UK. Acta Neurochir (Wien).
2018;160:39-47.

Algattas H, Setty P, Goldschmidt E, Wang EW, Tyler-Kabara EC, Snyderman
CH, et al. Endoscopic endonasal approach for craniopharyngiomas with
intraventricular extension: case series, long-term outcomes, and review.
World Neurosurg. 2020;144:e447-59.

Soliman MA, Eaton S, Quint E, Alkhamees AF, Shahab S, O'Connor A, et al.
Challenges, learning curve, and safety of endoscopic endonasal surgery
of sellar-suprasellar lesions in a community hospital. World Neurosurg.
2020;138:€940-54.

Nix P, Alavi SA, Tyagi A, Phillips N. Endoscopic repair of the anterior skull
base-is there a learning curve? Br J Neurosurg. 2018;32:407-11.

Park W, Nam D-H, Kong D-S, Lee KE, Park SI, Kim HY, et al. Learning curve
and technical nuances of endoscopic skull base reconstruction with
nasoseptal flap to control high-flow cerebrospinal fluid leakage: recon-
struction after endoscopic skull base surgery other than pituitary surgery.
Eur Arch Otorhinolaryngol. 2022;279:1335-40.

Lubowitz JH, Sahasrabudhe A, Appleby D. Minimally invasive surgery in
total knee arthroplasty: the learning curve. Orthopedics. 2007,30:80.
Hoppe DJ, Simunovic N, Bhandari M, Safran MR, Larson CM, Ayeni OR.
The learning curve for hip arthroscopy: a systematic review. Arthroscopy.
2014;30:389-97.

Sclafani JA, Kim CW. Complications associated with the initial learn-

ing curve of minimally invasive spine surgery: a systematic review. Clin
Orthop Relat Res. 2014;472:1711-7.

Pernar LI, Robertson FC, Tavakkoli A, Sheu EG, Brooks DC, Smink DS. An
appraisal of the learning curve in robotic general surgery. Surg Endosc.
2017;31:4583-96.

Wright TP. Factors affecting the cost of airplanes. J Aeronaut Sci.
1936;3:122-8.


http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://doi.org/10.1016/j.jclinepi.2010.07.015

Alomari etal. BMC Surgery ~ (2024) 24:135 Page 11 of 11

49, Cook JA, Ramsay CR, Fayers P. Using the literature to quantify the learning
curve: a case study. Int J Technol Assess Health Care. 2007;23:255-60.

50. Hopper A, Jamison M, Lewis W. Learning curves in surgical practice.
Postgrad Med J. 2007;83:777-9.

51. Ramsay CR, Grant AM, Wallace SA, Garthwaite PH, Monk AF, Russell IT.
Assessment of the learning curve in health technologies: a systematic
review. Int J Technol Assess Health Care. 2000;16:1095-108.

52. Khan N, Abboudi H, Khan MS, Dasgupta P, Ahmed K. Measuring the
surgical ‘learning curve’: methods, variables and competency. BJU Int.
2014;113:504-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	The learning curve in endoscopic transsphenoidal skull-base surgery: a systematic review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Data collection and analysis
	Study quality assessment and risk of bias

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


