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Introduction

An “inexperienced clinician” is defined as a physician at the initial
stage of his learning curve with an expectation of improvement as
his clinical experience increases.” The concept of learning curve
was introduced by T.P. Wright in 1936, according to the theory to
which the efficiency of a component of a plane went up as the
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Abstract

Background: Laparoscopic cholecystectomy is one of the most performed surgeries world-
wide but its learning curve is still unclear.

Methods: A systematic review was conducted according to the 2009 Preferred Reporting
Items for Systematic Reviews and Meta-analyses guidelines. Two independent reviewers
searched the literature in a systematic manner through online databases, including Medline,
Scopus, Embase, and Google Scholar. Human studies investigating the learning curve of
laparoscopic cholecystectomy were included. The Newcastle-Ottawa scale for cohort stud-
ies and the GRADE scale were used for the quality assessment of the selected articles.
Results: Nine cohort studies published between 1991 and 2020 were included. All studies
showed a great heterogeneity among the considered variables. Seven articles (77.7%)
assessed intraoperative variables only, without considering patient’s characteristics, opera-
tor’s experience, and grade of gallbladder inflammation. Only five articles (55%) provided a
precise cut-off value to see proficiency in the learning curve, ranging from 13 to 200 laparo-
scopic cholecystectomies.

Conclusions: The lack of clear guidelines when evaluating the learning curve in surgery,
probably contributed to the divergent data and heterogeneous results among the studies. The
development of guidelines for the investigation and reporting of a surgical learning curve
would be helpful to obtain more objective and reliable data especially for common operation
such as laparoscopic cholecystectomy.

worker’s experience and skill increase.” Subsequently, the concept
of the learning curve was applied in the field of industrial
manufacturing and software development.® In 1980, the learning
curve was introduced in medicine and recognized as a parameter to
assess professional responsibility. Recently, the concept of the
learning curve evolved from a purely theoretical framework to a
parameter upon which evaluating clinical outcomes such as
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Learning curve of laparoscopic cholecystectomy

mortality and morbidity.? Learning curve can be used in surgery to
evaluate the surgeon’s skill and performance as the experience
increases and can be useful to plan adequate training programs. '
Nowadays, a well-designed learning curve process is considered
essential for the acquisition of surgical skills, but different factors
could influence the learning process and should be taken into
account.

Laparoscopic cholecystectomy is one of the most performed sur-
geries worldwide® representing one of the first operations per-
formed by young surgeons during their training.” However, there is
no definite guideline on how to measure the learning curve of this
specific surgical intervention and literature is conflicting on the
minimum number of procedures to perform to achieve proficiency
and ensure a safe laparoscopic cholecystectomy.® The present sys-
tematic review aims to analyze the available literature about the
learning curve of laparoscopic cholecystectomy. To our knowledge,
there is no existing review on the topic performed with a systematic
approach.

Materials and methods

A systematic review was performed based on the Cochrane
collaboration-specific protocol® and was reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-ana-
lyses (PRISMA) statement checklist.

Studies that investigated the learning curve associated with lapa-
roscopic cholecystectomy were searched in the following databases
without date restrictions: Medline (through PubMed), Scopus,
Embase, Cochrane Register, and Google Scholar.

A specific research equation was used for each database, using
the following keywords and Mesh Terms: learning curve, cholecys-
tectomy, laparoscopic cholecystectomy, education, training,
residency.

According to the PICOS schema, the following criteria were used
to formulate the research question and to search the literature:

Population: Surgeons and residents who performed laparoscopic
cholecystectomy.

Intervention: Analysis of the learning curve associated with
laparoscopic cholecystectomy in both emergency and elective
settings.

Comparisons: No comparison or learning curve for cholecystec-
tomy performed with techniques other than laparoscopy.

Outcome(s): Learning curve was defined as the numbers of sur-
geries needed to see proficiency based on operative time decrease,
number of intraoperative, and postoperative complications, conver-
sion rate reduction, postoperative stay, and mortality rate decrease.

Study designs: Observational studies (cohort and case—control),
case series, and interventional studies (randomized and non-
randomized controlled trials).

The literature review was completed by an extensive search
using the “related articles” function in PubMed. Results were lim-
ited to human studies, with review articles and case report being
excluded. The reference lists of the eligible records and of pertinent
review articles were double-checked to identify potential additional
articles. Articles were selected and reviewed if written in
English only.
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Literature search and selection were performed independently
and blindly by two reviewers (ER and ES). Records were removed
from the selection if both reviewers exclude the articles at the title/
abstract screening levels. Disagreements were resolved with a dis-
cussion with a third reviewer (GLG).

Data extraction

Both reviewers performed an independent full-text analysis and
data extraction by filling in an electronic database. Extracted data
include first author name, year of publication, journal, study design,
study period, gallbladder pathology, number of surgeries performed
during the study period by surgeons and residents, number of pro-
cedure in elective and emergency settings, intraoperative complica-
tions, conversion rate, operative time, and expected learning curve.

Study quality assessment and risk of bias

Two reviewers (ER and ES) carried out the study quality assess-
ment and risk of bias evaluation of the selected articles. According
to the study design, the Newcastle-Ottawa scale (NOS)’ and the
GRADE system® were used.

Results

After merging, the records found on the different databases
searched and after removing duplicates, 200 articles were screened
for eligibility based on the title and abstract. Fifteen articles were
retrieved for a full-text evaluation. A total of nine articles
were finally included in the present systematic review. The flow
chart of studies identification and inclusion/exclusion process is
shown in Figure 1.

Study characteristics

The selected studies were published between 1991 and 2020 and
they were all cohort or case—control studies. These were carried out
in Europe (n = 2), Asia and Pacific (n = 5), and North America
(n = 2). The general characteristics of the included studies are dis-
played in Table 1. The total number of laparoscopic cholecystecto-
mies considered was 12 278. Laparoscopic cholecystectomy was
carried out for symptomatic stones or gallbladder polyps in six arti-

cles®

whereas the gallbladder pathology was not specified in the
remaining three articles' ™7 (Table 1).

Surgical experience was defined as the number of procedures/
courses performed in laparoscopic settings. Only one of the selected
articles'® specified both surgeons and residents experience; three
articles®™"!

experience of the first operator was not specified in the remaining
12,14-17

specified only the resident experience. The surgical

five articles.

Over the nine selected articles, only five (55.5%) reported the
number of the needed procedures to complete the learning curve in
laparoscopic cholecystectomy.10’13"4"6’17 The other four articles
analyzed the learning process without providing a learning curve

cut-off. Only five articles’"?

compared the learning curve of young
surgeons/residents to that one of senior surgeons. However, despite

the intention to explore this important area of surgical education,
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Fig 1. PRISMA flow diagram for study
search, selection, inclusion, and exclu-

sion. Example or search terms strategy:
(“cholecystectomy”[MeSH terms] OR
“cholecystectomy”[all fields] OR
“cholecystectomies™[all fields]) AND
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the number of procedures performed by residents was always lower
than that performed by senior surgeons, except in one article
(Table 1).

Two articles evaluated the learning curve only in relation to bile

duct injuries rate and the surgical ability in their management'*';

two articles not reported the bile ducts injuries rate'>'; only three
articles considered the operator experience, preoperative data
patients, operative time, conversion rate, postoperative stay, and

complications rate”!"%; only two articles reported mortality

1213 and one article reported readmission rate.'® Table 2

rate
showed all the variables considered by the selected studies during
the learning curve assessment.

Two studies considered laparoscopic cholecystectomy per-
formed in elective settings only,'""'? five articles'®'*'4~'1® con-
sidered cholecystectomies in both emergency and elective
settings. The grade of gallbladder inflammation was not speci-

fied in two articles™!”;

The intraoperative complications rate was zero in two studies'*!¢
and not specified in one article.'® The conversion rate was zero in one
study’ and not specified in one article.'” The operative time was not
specified in three articles'*'>'7; Characteristics of laparoscopic chole-
cystectomy and main findings of the included studies are reported in

Table 3.

(“learning curve”’[MeSH terms] OR
(“learning”[all  fields] AND “curve”[all
fields]) OR “learning curve”[all fields])
AND  (“laparoscopie”[all fields] OR
“laparoscopy”’[MeSH terms] OR
“laparoscopy”[all fields] OR
“laparoscopies”[all fields]) AND
(“education”[MeSH  subheading] OR
“education”[all fields] OR “training”[all

fields] OR “education”[MeSH terms]
OR “train”[all fields] OR “train s”lall
fields] OR “trained”[all fields] OR “train-
ing s”[all fields] OR “trainings™[all fields]
OR “trains™[all fields]).

Records excluded
(n=185)

¢ Non pertinent: 170
¢ Other language:3
. Review, letters: 12

Full-text articles excluded,

Laparoscopic cholecystectomy and
learning curve

The selected articles described the learning curve as the learning
process to reach correct surgical skills in the index procedure, lapa-
roscopic cholecystectomy. All the articles analyzed different vari-
ables during the learning curve assessment as reported in Table 2.
However, none of the included articles provided specific statistical
approaches for learning curve evaluation, like cumulative sum anal-
ysis (CUSUM).

Only five studies reported a cut-off value for the learning curve
in laparoscopic cholecystectomy. Two articles estimated a learning
curve of 50 surgeries to become proficient: one of them basing the
learning curve evaluation only on bile duct injuries decrease,'’
the other one also considering the decreasing of operative time,
complications rate, conversion rate, and postoperative stay'’; one
article assessed this value at 20 surgeries considering all the
intraoperative and postoperative complications, and including mor-
tality'?; one article assessed this learning curve at 200 surgeries
considering operative time, conversion rate, complications rate, and
readmissions decrease'®; the last article estimated a learning curve
of 13 surgeries based on reduction of complications and conversion
rate'* (Table 2).
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Table 2 Variables considered in the learning curve assessment

Reitano et al.

Operator Pre- Bile Operative Complications Conversion Postoperative Mortality ~ Readmission

First experience  operative duct time rate rate stay

authors, year data injuries

Jung, 20203 X X X X X X X X n/a

Jung, 2016° X X X X X X X n/a n/a

Pariani, 2014"" X X X X X X X n/a n/a

Ali, 20122 X n/a X X X X X X n/a

Salim, 2010"° n/a n/a n/a n/a X X n/a n/a n/a

Voitk, 200118 n/a n/a n/a X X X n/a n/a X

Béckler, 199910 X n/a X X X X X n/a n/a

Moore, 19957 n/a n/a X n/a n/a n/a n/a n/a n/a

Davidoff, 1991 n/a n/a X n/a X X n/a n/a n/a

n/a, not available data; x, reported data.

Table 3 Laparoscopic cholecystectomy characteristics and main findings
First N elective N Intraoperative Conversion Operative Main findings
author, year procedures emergency complications rate time
procedures
Jung, 20203 343 85 9(2.10%) 2.33% 62-51 min Laparoscopy cholecystectomy is a
safe procedure for resident

Jung, 2016° n/a n/a 7 (3.2%) 0 40.7-63.7 min No differences between residents
and senior

Pariani, 2014"" 569 0 8 (1.40%) 2.98% 75-87 min No differences between residents
and senior

Ali, 20122 94 0 11 (11.70%) 6.38% 25-60 min Useful virtual simulated program

Salim, 2010'® 90 10 n/a 21% n/a Increasing experience decreased

conversion rate

Moore, 1995'® n/a n/a 15 (0.16%) n/a n/a Learning curve of 50 cases

Bockler, 1999'° 198 53 8(3.18%) 5.7% 111-145 min Importance of surgical training

Voitk, 20017 425 75 0 3-2% 35.2 min Learning curve of 200-300 cases

Davidoff, 7 ) 0 25% n/a Management of ductal injuries

1991™
n/a, not available.
The remaining four articles described the learning curve process, Discussion

but they did not identify a specific cutoff of interventions that
should be performed to complete the learning curve.”'"1%!>

Of the five articles considering learning curve in surgical resi-
dents, four articles’'"'* concluded that laparoscopic cholecystec-
tomy was a safe operation when performed by residents under
supervision, while one article concluded that the procedure should

be learnt on virtual simulated models.'? (Table 3).

Study quality assessment

Based on the NOS Quality assessment scale,’ eight studies®™'®

received five of nine stars and one study'’ received four of nine
stars, all resulting being of fair/poor quality. According to the
GRADE system,® three articles'"'*'* were judge as being of
low quality and six studies of very low quality.”'®'>!517 Of
note, all the included studies were retrospective cohorts thus
susceptible, by definition, of major selection bias, and showed

high heterogeneity in the learning curve estimation process.

The present systematic review shows that currently there is not a
consensus on which criteria should be considered and how to mea-
sure the learning curve process of laparoscopic cholecystectomy.’

In our knowledge, this is the first systematic review to analyze
the available literature on the learning curve of laparoscopic chole-
cystectomy. The field of surgical education is an active area of
research.'® The use of surgical simulators and training courses were
judged to be important educational tools to improve the surgical
learning curve.>'® Therefore, despite laparoscopic cholecystectomy
being one of the most performed surgeries worldwide by young
and senior surgeons,” its learning curve remains unclear.

The parameters to calculate the learning curve are not standard-
ized. As a result, different authors considered different variables to
see the proficiency of surgical skills. Therefore, the definition of the
learning curve itself is not very objective, but it is based on arbi-
trarily chosen parameters.

Only a few articles in the literature suggested a cutoff of surger-
ies to achieve the learning curve. The lack of guidelines describing

© 2021 The Authors.

ANZ Journal of Surgery published by John Wiley & Sons Australia, Ltd on behalf of Royal Australasian College of Surgeons.

8518017 SUOWILIOD BAIFe1D) 8|ed!|dde 3y} Aq peusenoh 812 S8 ple VO ‘@SN JO S3|n. oy ARiq1T8UIIUO /B UO (SUORIPUCD-pUR-SWIB) L0 A8 1M Aleiq 1 UIIUO//SAIY) SUORIPUOD pUe SWIB | 34} 89S *[202/TO/0E] Uo AriqiTaulluO AB|IM BreiRd 1QeISRAIUN AG TZ0LT'SUR/TTTT OT/I0p/W00 A3 1M AReiq i jeul|uoy/sdny wioly papeojumod ‘6 ‘T20Z ‘L6TeSHT



Learning curve of laparoscopic cholecystectomy

the parameters that should be analyzed to determine a learning
curve leads to heterogeneous results among them. Indeed, the learn-
ing curve of laparoscopic cholecystectomy ranges from 13 to
200 surgeries. None of the included studies showed a specific statis-
tical method for the learning curve evaluation. The CUSUM should
represent the preferred analysis to evaluate the surgical
competence,”®?! but none of the included articles assessed the
learning curve process on this. CUSUM is a graphical method
applied for statistical quality control to provide a objective evidence
of quality and demonstrate changes in competence over time.>' The
analysis shows the sequential difference of a set of measured values
defining a target level.”° Therefore, CUSUM could be a very useful
and objectively tools to shows changes in surgical competences
during training.

All the studies evaluated the learning curve process on the reduc-

tion of arbitrarily chosen variables'®'”

or comparing residents’ perfor-
mance to senior surgeons’ ones.''* The use of different methods and
criteria to estimate the learning curve has resulted in different and not
homogeneous cut-offs that have been proposed by several authors.
According to the progressive reduction in bile duct injuries, one
author estimated that 50 laparoscopic cholecystectomies were
enough to complete the learning curve.'” However, the evaluation
of the learning curve cannot be based on one single parameter
because this could be reductive, and other factors must be consid-
ered.® Davidoff et al. evaluated also complications and conversion
rate decrease, detecting a learning curve of 13 procedures.'* Other

—11,13
authors” 1"

evaluated the trend of preoperative, intraoperative,
and postoperative factors, such as operative time, complication rate,
and conversions rate, often without specify the surgical operator
experience.“H6 However, literature suggested that operator experi-
ence (senior vs. residents; PGY level) has an impact on the learning
curve process in different type of surgeries and must be considered
when calculating a learning curve,'®!%22

Not all the studies considered residents in the evaluation of the
learning curve (Table 1). However, especially for a surgery often
performed in the early stage of surgical training (like the laparo-
scopic cholecystectomy), consider a young population of surgeons
seems to be relevant to achieve a reliable learning curve.

Another important factor is if the surgical procedure has been
performed in an emergency or elective setting. In this systematic

. . 10-1
review, seven articles'® !

specify this data. The grade of inflamma-
tion and different intraoperative variables could influence the opera-
tive time, the conversion rate and the complications rate and must

always be considered during the learning curve.>*

Finally, only three studies™'"'

considered patients preoperative
characteristics, like the ASA score, comorbidity, and previous abdom-
inal surgeries. These factors could influence the variables on which
the learning curve is evaluated and should be taken into account to
avoid bias.>*** The literature reported a conversion rate ranging from
5% for elective laparoscopic cholecystectomy to 10% in emergency
settings.”® The average time for this operation is usually less than
1 h% and the postoperative complications range from 0.5% to 6%.>
While all the selected studies showed conversion rate in line with the

10,11,13

literature, three studies reported a high average operative time,

even if decreased during the learning curve evaluation.

© 2021 The Authors.
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Patients’ average age and comorbidities, grade of gallbladder
inflammation and duration of symptoms, could influence the
intraoperative variables,?® and should be considered to avoid bias.

Therefore, different variables should be taken into account when
evaluating the learning curve:

e patient’s factor (age, gender, comorbidities, ASA score,

inflammation grade)

e surgeon’s characteristics (previous experiences, simulation

course, laparoscopic training)

* intraoperative factors (operative times, complications, anatom-

ical variants)

 postoperative factors (in-hospital stay, morbidity, mortality)

All these variables should be evaluated with ad-hoc statistical
methods to assure objective and reliable learning curves, allowing
comparison with other surgical centres.

This study has several limitations. The currently available litera-
ture is based on retrospective cohort studies which represents a low
quality of evidence. All the included studies showed a high hetero-
geneity in the interpretation of the learning curve. Thus, caution
should be paid in the interpretation of the results since several
biases can be mentioned in the individual studies, such as reporting
bias, publication bias, and geographical bias. However, we tried to
control for search biases by searching the literature on multiple
databases, by manual crosscheck of the reference lists, and by per-
forming a critical selection by two independent reviewers.

Conclusions

This systematic review provides an exhaustive summary of the lit-
erature on the learning curve process of a highly common surgical
procedure, such as laparoscopic cholecystectomy. The critical
appraisal of the available literature and the evaluation of the current
evidence highlights the actual lack of consensus in the evaluation
of the laparoscopic cholecystectomy learning curve and a great het-
erogeneity in this relevant field of surgical educations.

Organized training programs and multicentric studies should be
suggested to clarify which is the learning curve of laparoscopic
cholecystectomy and consequently provide important data to
improve residency programs.
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