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Background and Objective: There is a significant learning curve associated with performing laparoscopic
surgery. This is magnified for more complex laparoscopic operations and novel teaching approaches are
needed to prepare the next generation of surgeons for independent practice. This narrative literature review
aims to examine current laparoscopic surgical training and the laparoscopic learning curve. We also aim to
discuss methods and future directions that hold promise for shortening the laparoscopic learning curve.
Methods: A literature search was performed through the MEDLINE database. The search terms included
“surgical learning curve”, “laparoscopic learning curve”, “laparoscopic education”, and “laparoscopic
simulation”. The results were reviewed until thematic saturation was reached.

Key Content and Findings: Many trainees finish surgical residency not yet prepared for independent
practice in a wide range of laparoscopic procedures. Several adjuncts have been shown to improve trainees’
skills, including basic and advanced simulation-based training. These simulation curricula have shown
promise in remote and home-based settings to allow trainees to learn laparoscopic skills at flexible times and
locations. To quantify the progress of a surgeon’s training, many authors have sought to define laparoscopic
procedures’ learning curve. The length of operative time has been often used to measure the learning
curve; however, other methods of defining the learning curve may be more telling. Several factors improve
laparoscopic education and skill acquisition, and notably learning curves may change as new laparoscopic
operations mature and have stable platforms. Key factors to shorten the learning curve include training and
mentoring from expert-level surgeons, clear delineation of expectations for trainee skill progression, and
formative evaluation of performance in the operating room and simulation setting.

Conclusions: Defining learning curves is challenging and can be arbitrary. Nonetheless, as the complexity
of laparoscopy continues to evolve, improving laparoscopic education and confirming provider competency
is increasingly important to ensure patient safety. In addition to valuable intra-operative training, simulation

and virtual training with skilled mentorship have emerged as key adjuncts in laparoscopic skill acquisition to

shorten the laparoscopic learning curve in a safe and low-stakes environment.
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Introduction

Laparoscopic surgery offers innumerable advantages to
patients, including reduced pain, shortened length of
hospital stay, and decreased adhesion formation (1-3). Over
the past decades, laparoscopic surgery has been used for
more varied and increasingly complex operations, allowing
more and more surgical patients to experience the benefits
of minimally invasive surgery (MIS) (4-6). However,
trainees have a significant learning curve associated with
performing laparoscopic surgery (7). This problem is
magnified for more complex laparoscopic operations and
novel teaching approaches are necessary to prepare the next
generation of surgeons for independent practice.

The surgical “learning curve” was described by Tyras and
colleagues over 40 years ago with regard to the discovery
that outcomes following internal mammary artery coronary
artery bypass grafting improved after the first two years
of experience (8). This concept has since been applied to
innumerable procedures and operations in medicine and
surgery. In surgery, the learning curve has been defined
as “the amount of procedural training required for a
surgeon to achieve competence in a new procedure” (9).
Authors have aimed to define timelines of learning curves
with strategies to shorten or “flatten” the learning curve
to expedite training. Others have highlighted ethical
conundrums associated with learning curves in surgery
given that poor outcomes may be seen when a surgeon
has yet to achieve proficiency (10). Indeed, as advanced
laparoscopy has become widespread, establishing a level of
proficiency has become more important than ever.

This narrative literature review aims to examine
current laparoscopic surgical training and the laparoscopic
learning curve. We also aim to discuss methods and
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future directions that hold promise for shortening the
laparoscopic learning curve. We present the following
article in accordance with the Narrative Review reporting
checklist (available at https://ls.amegroups.com/article/
view/10.21037/1s-22-29/rc).

Methods

A literature search was performed through the MEDLINE
database (Table 1). All article publication years and all study
designs were considered for English-language studies.
The search terms included “surgical learning curve”,
“laparoscopic learning curve”, “laparoscopic education”, and
“laparoscopic simulation”. Hand searches of the references
of retrieved literature were performed. The results were
reviewed until thematic saturation was reached.

Results and discussion
Current laparoscopic surgical training

Traditionally, the majority of surgical training has been
performed in the operating room on patients. The
Accreditation Council for Graduate Medical Education
(ACGME) has defined minimums for general surgery
residents’ graduate case logs, which include at least 100
basic laparoscopic cases and at least 75 complex laparoscopic
cases (11). Most authors define basic laparoscopy to include
diagnostic laparoscopy, laparoscopic cholecystectomy,
and laparoscopic appendectomy; complex laparoscopy
comprises all other laparoscopic procedures (12). Many
trainees’ first laparoscopic experience is holding the
laparoscope and observing during laparoscopic cases (13).
With each year of residency training, trainees are granted
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Databases and other sources searched MEDLINE

Search terms used

January 13, 2022

Surgical learning curve, laparoscopic learning curve, laparoscopic education,
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Abstract review to assess for relevance to laparoscopic education and the
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Hand searches of the references of retrieved literature were performed. Results
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increasing autonomy, first on basic laparoscopic procedures
and later on more advanced laparoscopic procedures (14).
Unfortunately, graduating general surgery residents achieve
meaningful autonomy in only a small subset of laparoscopic
procedures, possibly related to a shift in culture, concerns
about safety and supervision, changes in work schedules,
and a lack of universal standards (14). Many finish residency
not yet prepared for independent practice in a wide range
of laparoscopic procedures (15). In this setting, graduating
residents have increasingly pursued additional laparoscopic
training through an MIS Fellowship (16).

Acknowledgment of the limitations of teaching surgical
skills only in the operating room on actual patients has led
to the rapid expansion of simulation. Simulation allows
trainees to learn in a low-risk environment, engage in
opportunities for feedback and assessment, and receive
standardized technical skill training that is not always
possible through learning done solely in the clinical
environment (17). In addition, simulation-based training
can boost surgery residents’ experience via repetitions
when there is an insufficient case volume, as some skills
simply require a large number of trials with feedback to
achieve proficiency (18). Laparoscopic simulation curricula
encompass both basic and advanced laparoscopic skills
and curricula can be performed on box trainers (BT)
or virtual reality (VR) simulators (19-21). Numerous
BT and VR simulators have been developed to provide
training transferable to the operating room. BTs have
been developed by multiple companies, institutions, and
individuals, and generally involve a sealed or partially
sealed box with holes and a camera. VR simulators include
LapSim (Surgical Science, Inc., Goteborg, Sweden) and Lap
Mentor™ (3D Systems, Inc., Simbionix, Airport City, Israel),
among others (22). Multiple studies have compared BT and
VR simulators with no clearly superior modality (23). Newer
VR simulators have piloted an “immersive” simulation with
360-degree views of an operating room; while not exact
replicas of the operative experience, these new immersive
simulations have shown promise to prepare trainees for
several of the real-life challenges of being in the operating
room (24).

Beyond BT and VR simulators, animal and cadaveric
models have been employed to provide realistic, tissue-
based simulation training (25). These models have been
performed in both in vive and ex vivo scenarios (22,26).
Multiple studies have shown tissue-based models to have
validity and to prepare trainees for the operating room
(27,28). Limitations of animal-based models include
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varied anatomy and ethical issues, while cadaveric models
are generally limited by lack of perfusion and distorted
tissue handling (29). Advanced perfused cadaveric models
have high fidelity but at increased cost and logistic
difficulties (26).

Many basic curricula center on the Fundamentals of
Laparoscopic Surgery (FLS) tasks, which were created
to develop a simulation program that did not require the
use of tissue. These tasks were relatively inexpensive, used
laparoscopic instruments also used in the operating room,
and were sufficiently flexible to add additional exercises; the
tasks were “not specifically designed to simulate a specific
surgical operation” but rather to provide “fundamental
training for most laparoscopic skills used in the majority of
surgical operations” (30). FLS is a standardized approach
to teaching the “knowledge and technical skills required
in basic laparoscopic surgery” and has been adopted by
the American Board of Surgery as a board certification
requirement (31).

In addition to basic laparoscopic simulation curricula,
several more advanced laparoscopic simulation curricula
have also been developed. One successful curriculum,
advanced training in laparoscopic abdominal surgery
(ATLAS) modified tasks from FLS to create challenging,
more realistic simulations (32). ATLAS involves tasks such
as intracorporeal suturing at an angle and in different
orientations. A second curriculum that addresses the
training gap in advanced laparoscopic simulation was
developed in Santiago, Chile, and uses a jejunojejunostomy
model with graduated tasks to facilitate skill acquisition.
Trainees who completed the course using the advanced
trainer performed better than practicing general surgeons
who had not completed the course on final assessment (33).
Investigators also found a high correlation between this
simulation and the actual operation (28).

In these and other laparoscopic curricula, remote and
home-based simulation training models have also gained
prominence to allow trainees to learn laparoscopic skills
at flexible times and locations. For example, a mobile
application (“Lapp”) was developed to connect learners
using simulators at remote sites to instructors for the
jejunojejunostomy model (34). Remote instruction
through Lapp was shown to be similarly effective to in-
person feedback and allows for asynchronous feedback,
thus decreasing demands on faculty time. Video-based
explanations in the application further reduced the need
for instructor feedback (35). This type of remote learning
became more widespread with the coronavirus pandemic
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(36,37). As a result, learners have become more accustomed
to remote learning, and off-site training offers an accessible
option for laparoscopic skills acquisition from anywhere (38).

Feedback is a vital aspect of intraoperative and
simulation-based skills acquisition. Research indicates
that a lack of feedback limits trainees’ ability to refine
critical skills. A qualitative study investigating barriers
to laparoscopic home simulation found that sub-optimal
feedback prevented trainees from getting the most out of
home training (39). The scoping review recommended
that trainees undergoing off-site training use affordable,
portable BTs and participate in a curriculum with clear
learning objectives and feedback. The authors further note
that “simply equipping trainees with a BT and relying on
them to practice without an overall training structure is an
antiquated strategy and should be abandoned”. One way to
increase feedback is to implement a formative feedback tool
for laparoscopic skills (40). Such tools can prepare trainees
to engage in deliberate practice and improve skills more
efficiently. Another way is to include peer feedback as part
of the curriculum. There have been numerous purported
theoretical advantages to incorporating peer feedback into
medical education, including reducing teaching pressure
on faculty, creating a comfortable learning environment,
and increasing learner motivation (41). Strong evidence
exists supporting the effectiveness of peer-assisted learning
through the social and cognitive congruence among peers
(42-44).

Laparoscopic training has expanded from the operating
room to the simulation center and now includes remote
simulation using varied basic and advanced laparoscopic
curricula. The training aims to prepare surgical residents
and fellows to perform a broadening range of laparoscopic
procedures safely.

Establishing the learning curve

To quantify the progress of a surgeon’s training, many
authors have sought to define laparoscopic procedures’
learning curve. Prior authors have cited this as the “magic
number” of cases, which signifies “the number of cases
required to reach stability or technical competence” (5).
This number will vary widely by surgeon based on the
surgeon’s prior experience in related open operations,
unrelated MIS operations, and simulation (5). Learning
may occur more quickly with mentorship, coaching, and
multidisciplinary collaborations (45,46). Furthermore, the
“magic number” may also be different for similar operations
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performed for different indications. For example, different
types of adrenal tumors may present different challenges for
laparoscopic resections (6). Some authors have attempted
to address this by defining learning curves for both simple
and complex cases of a particular type of operation (47). It
may also be prudent to define learning curves for different
parts of a single procedure. Indeed, the number of cases
required to achieve proficiency for one part of a complex
case may differ from the number of cases for another part of
the same procedure. Reaching a consensus on the phases of
the laparoscopic surgery learning curve may help quantify
surgeons’ progression through training and determine
readiness for independent operating.

As such, determining the factors by which to set the
standard for a learning curve becomes important. From
a theoretical standpoint, Bloom’s taxonomy can be used
to understand laparoscopic learning curves (48). This
taxonomy contains six levels of learning, from the most
basic (remembering) to the most complex (creating).
In this framework, surgeons would first remember the
steps of an operation and understand the purpose of each
step. They would then apply those steps to perform an
operation. After the operation, surgeons would analyze
their results and evaluate their method to determine any
improvements to their technique. Finally, they may create
novel approaches to address challenges with the existing
technique. While a useful model for understanding how a
surgeon progresses along a learning curve cognitively, this
is challenging to quantify rigorously and is not generally
done. Resultantly, authors have evaluated measurable
factors such as operative time, post-operative length of stay,
estimated blood loss, conversion to an open procedure,
post-operative complications, cancer recurrence, hospital
readmission, and mortality when evaluating various
procedures’ learning curves (5,6,49-56). Still others have
assessed laparoscopic performance and determined a
learning curve on laparoscopic simulators equipped with
force, motion, and time trackers (57). These have been
shown to reflect trainee competence and correlate with
other skill assessments. Among these many methods for
determining the learning curve, operative time is very
commonly reported as it is easily measured and pulled from
the electronic medical record. However, operating time may
not be the most reflective of the laparoscopic learning curve
given case variability. Surgeons who have more experience
may perform more complicated operations laparoscopically;
for example, a hepatobiliary surgeon with a high level of
experience may be more likely to resect a posterior liver
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Figure 1 Factors contributing to laparoscopic case difficulty that confound learning curve analyses in laparoscopic liver resections.

tumor with vascular involvement in an anatomically complex
patient with cirrhosis and/or obesity than a less experienced
surgeon limited to resecting straightforward left lateral
tumors in healthy patients (58). Furthermore, operations
that are still in the infancy of their development, further
discussed below, may have longer learning curves. The
increased time associated with the more involved or newer
operation, which may be generalized as a “laparoscopic liver
resection”, reflects increased case complexity rather than
decreased operator proficiency (Figure I).

Regardless of the factors chosen when determining the
learning curve, cumulative sum analysis (CUSUM) has been
commonly used to report the learning curve by describing
the “plateau” point of the chosen factor (49,52,56,59-61).
Page developed CUSUM in 1954 for industrial problems.
Subsequently, CUSUM was adapted for monitoring surgical
performance first by Williams in 1992 with subsequent
adaptations as described by Steiner ez 4/. in 2000 (62).
CUSUM allows for performance assessment by detecting
changes in performance over time, which makes it useful
for learning curve analysis. However, there are limits to this
interpretation of the learning curve. Peldez and colleagues
conducted a study assessing “curve stabilization” in novices
and experts (53). They found that although both novices
and experts experienced curve stabilization, this occurred
at a lower overall point for novices than experts, suggesting
that performance stability may not indicate performance
proficiency. In addition, many descriptions of the number
of cases required to plateau are based on a single surgeon’s
experience, which could be skewed based on that surgeon’s
experiences as described above (50,61). When a larger
sample of surgeons is used to determine the learning curve,
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there is generally a longer reported curve (5).

Certain factors have been shown to not have any learning
curve period for some operations. For example, one study
found that while operative time decreased with increasing
experience for single-incision laparoscopic appendectomy,
complications remained stable (51). As another study notes,
“the definition of the learning curve itself is not very objective,
but it is based on arbitrarily chosen parameters” (55). The
learning curve remains a fraught concept, which is a major
barrier to defining parameters for assessing the safety of
surgeons’ independently performing complex laparoscopic
operations. As such, case numbers and learning curve
analyses may be best suited for formative, rather than
evaluative purposes.

Shortening the learning curve

Regardless of the difficulties in defining learning curves for
laparoscopy, it is important to identify factors that accelerate
laparoscopic surgical training or “shorten the learning
curve”. Given the differences in instrumentation and
technique compared with open surgery, there are significant
challenges associated with laparoscopic training that are
further magnified by increasing case complexity. Therefore,
an effective surgical training program must include a
number of essential pieces to facilitate laparoscopic skill
acquisition: expert training and mentorship, well-defined
expectations for skill progression, and intra-operative
evaluation (Figure 2).

Training and mentorship by expert-level surgeons
Studies seeking to shorten the learning curve and expedite
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Figure 2 Three key components to incorporate into current
laparoscopic training programs to accelerate laparoscopic surgical

training and “shorten the learning curve”.

training have defined distinct phases of surgical learning:
Initiation, Standardization, and Proficiency (ISP model) (63).
Published data on minimally invasive hepatectomy define
the learning curve’s three phases according to the number
of cases performed. Different learning curves exist among
different generations of laparoscopic surgeons. For example,
in a 2019 study by Halls et al., pioneer surgeons performing
laparoscopic liver surgery (LLS) progressed through the ISP
phases for cases 1 through 50, cases 51 through 135, and
cases after 135, respectively. In contrast, the next generation
of surgeons performing LLS, labeled “early adopters”,
progressed more expeditiously through the learning curve
phases (first 17 cases, cases 18 through 46, and cases after
46, respectively) (59). These differences are likely due to the
expanding pool of expert surgeons to teach skills to others
after the “pioneer” phase, as well as the increased clarity
of indications and the stability of the operative platform.
This highlights the ability to shorten the phases of the
surgical learning curve through training and mentoring
via a master-apprentice model, e.g., early introduction
to laparoscopic training in residency with structured
mentorship from expert laparoscopic surgeons. Experts
from the “pioneer” phase can provide tailored feedback to
their successors based on prior experienced errors. Ideally,
these experts would receive training in operative coaching to
better refine learners’ skills (64). For highly complex cases,
further mastery can be achieved through completion of a
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Defining expectations for skill progression

Conclusions from the 2015 Morioka and 2017 Southampton
European Guidelines Meeting for Laparoscopic Liver
Surgery (EGMLLS) emphasize that safe expansion of LLS
requires a stepwise progression in training, specifically via
incremental increases in technical difficulty and complexity
of cases performed (65,66). Existing difficulty scoring
systems such as the IWATE-score and Halls score include
tumor and resection data while neglecting patient factors
that contribute to case complexity (58,67-69).

Halls er al. queried international laparoscopic liver
surgeons to identify elements that inform the difficulty
of a laparoscopic hepatectomy and found that elevated
body mass index, neoadjuvant chemotherapy, prior open
abdominal surgery, and concurrent procedures added
moderate difficulty. In contrast, maximal difficulty was
attributed to cases with proximity to major hilar structures
or patients with prior liver resections (58). Authors have
demonstrated expedited skill acquisition and safety with
stepwise introduction of LLS (70), yet there remains a
need for novel classification systems that incorporate the
aforementioned patient factors to better guide stepwise
training and selection of procedures appropriate to level of
surgical skill as discussed in the prior section.

Validation of existing and novel scoring systems, followed
by expert consensus on the appropriate stepwise progression
of training based on difficulty rating, can inform a
standardized approach to laparoscopic skill progression
that is replicable across institutions. This standardized
approach can assist with learner feedback, case selection,
and evaluation.

Evaluation of performance in the operating room and
simulation setting

Early introduction to MIS training ideally begins in the
simulation lab with gradual transition to actual operative
cases. Unfortunately, standardized objective evaluation
tools remain to be widely adopted for feedback in the
operating room.

The Objective Structured Assessment of Technical Skills
(OSATS) has been used since the 1990s with high reliability
and construct validity for bench model simulations
including those for laparoscopic surgery (71,72). A 2013
study demonstrated the efficacy of OSATS in evaluating
surgical trainees’ performance during live open and
laparoscopic operations at a single institution in Japan (73).
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Specifically for laparoscopic surgery, the Global Operative
Assessment of Laparoscopic Skills (GOALS) was developed
in 2005 to evaluate five domains of surgery: depth
perception, bimanual dexterity, efficiency, tissue handling,
and autonomy (74). Initially validated for laparoscopic
cholecystectomy and appendectomy, GOALS has been
more recently validated as an assessment tool for more
complex laparoscopic operations (74-76).

OSATS and GOALS are useful for formative assessment
but lack procedure specificity and cut-off scores for
examination or credentialing (77,78). As a result, procedure-
based assessments (PBAs) have been developed to measure
performance on key technical steps of a specific procedure
based on objective measures such as scale of independence (79).
PBAs have been effective at discriminating between all skill
levels and assessing independent operating capability for
laparoscopic cholecystectomy among trainees (80). PBAs
remain to be developed and validated for other simple and
complex laparoscopic procedures.

Other objective methods of assessing technical skills
include dexterity analysis systems (81) and assessments
through VR simulators (82,83). These scoring tools
primarily evaluate technical performance and do not reflect
non-technical skills such as communication, decision
making, and leadership, which are key to operative mastery.
As such, additional evaluation methods will be required for
more comprehensive feedback.

Opverall, these three methods of improving laparoscopic
training—expert training and mentorship, well-defined
expectations for skill progression, and intra-operative
evaluation—may have a role in shortening the laparoscopic
learning curve. Concern about the heterogeneity of
time-based training has prompted renewed interest in
competency-based curricula for surgical trainees (84).
Competency-based education, defined as “an outcome-
based approach to education”, has started to take root in
surgical education in programs like FLS and ACGME
milestones (84). Prior authors have published competency-
based programs for training in laparoscopic surgery, which
build on the evaluation tools discussed above (85). As
surgical training programs across the country and world
emphasize competency-based training, establishing efficient
and accessible laparoscopic training programs becomes
more important.

Conclusions

Defining learning curves is challenging and can be
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arbitrary. Nonetheless, as the complexity of laparoscopy
continues to evolve, improving laparoscopic education and
confirming provider competency is increasingly important
to ensure patient safety. Several things can contribute to
current laparoscopic surgical training, including expert
training and mentorship, well-defined expectations for skill
progression, and intra-operative and simulation evaluation.
Incorporating these components into laparoscopic training
can accelerate skill acquisition to “shorten the learning
curve” and improve trainee competence in a safe and low-
stakes environment.
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