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Chapter 16
Training in Laparoscopic Common Bile 
Duct Exploration: Role of Simulation 
and Its Impact on Clinical Outcomes

Ben Schwab, Ryan Albert Campagna, and Eric S. Hungness

�Introduction

Surgical education in the United States has long been influenced by the ideology of 
William Halsted, MD, FACS, and William Osler, MD, in which the role of gradu-
ated responsibility under the close supervision of an experienced surgeon was para-
mount [1, 2]. This “apprenticeship model” would go on to form the foundation of 
surgical training for years to come. Surgeons who trained during this era were often 
exposed to a broad range of surgical disease and pathology since there were no 
viable alternatives at the time. This allowed them to become experts in the manage-
ment of a large number of conditions. A number of factors in the current era of 
surgery and graduate medical education (GME) have contributed to limit the utility 
of apprenticeship education. Numerous technological and educational advance-
ments have resulted in the development and proliferation of alternative treatments 
that have lessened the dependence on surgical intervention to treat human disease. 
In addition, restrictions placed on resident training in addition to the expansion of 
specialized postgraduate fellowships have served to limit exposure to a wide range 
of procedures for general surgical trainees in the modern era when compared to 
their predecessors [3].
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Numerous examples of this evolution can be found in the field of hepatopancrea-
tobiliary (HPB) surgery, which has traditionally fallen under the scope of general 
surgery. Various developments have served to fundamentally alter the approach to 
managing hepatobiliary pathology in a way that has had profound implications for 
the training of general surgeons. Management of biliary disease in particular is one 
area that has seen a major evolution in the surgical approach to managing these 
conditions. For example, the introduction of the laparoscopic cholecystectomy 
caused an almost overnight revolution in the management of gallbladder disease, 
resulting in a precipitous drop in the number of open cholecystectomies being per-
formed by general surgeons [4]. While this development had obvious benefits for 
patients in the form of reduced postoperative pain and a shorter length of stay, the 
near universal incorporation of the technique had a number of implications for the 
practice of general surgery, and for the training of general surgery residents in par-
ticular. While the widespread use of laparoscopic cholecystectomy encouraged sur-
geons to become comfortable with general laparoscopic techniques, it also served 
to significantly limit their exposure to the principles of open hepatobiliary 
surgery.

The approach to the management of common bile duct stones provides another 
example of how surgical practice and education has been profoundly influenced by 
the introduction and widespread adoption of an alternative treatment. The first use 
of endoscopic retrograde cholangiopancreatography (ERCP) for the management of 
biliary disease occurred in the 1970s [5]. While ERCP allows patients to avoid sur-
gery in many cases, the procedure is not without risk. Post-procedural pancreatitis 
and hemorrhage are two feared complications of ERCP that can result in significant 
morbidity and mortality. Despite these considerations, ERCP rapidly replaced com-
mon duct exploration (CDE) as a primary treatment for choledocholithiasis. A 2005 
study analyzing the effect of decreased utilization of surgical CDE on complication 
rates estimated that approximately 47,000 CDEs were performed per year in the late 
1970s prior to the widespread introduction of ERCP. This number would fall to less 
than 10,000 cases per year by 2001 and has continued to decrease [6, 7]. While it is 
tempting to accept that surgical exploration of the common bile duct (CBD) has 
been rendered obsolete by ERCP, it should be remembered that the use of LCBDE 
offers distinct advantages over endoscopy. A single-stage operation with LCBDE at 
the time of laparoscopic cholecystectomy (LC) obviates the need for patients to 
undergo a two-stage procedure with ERCP either before or after LC, thereby avoid-
ing a second anesthetic in addition to adding the previously described risks of 
ERCP. Multiple studies have demonstrated that LCBDE is equivalent to ERCP for 
achieving clearance of ductal stones [8, 9].

The declining utilization of LCBDE has serious implications for training of gen-
eral surgeons (Fig. 16.1). A recent study examining the operative case logs of gradu-
ating chief general surgery residents showed that residents only participated in an 
average of 1.7 open CDEs and 0.7 LCBDEs over the course of their training [10]. 
These findings have raised concerns that the next generation of general surgeons is 
receiving inadequate exposure to the surgical management of biliary disease. While 
ERCP provides an attractive alternative for patients hoping to avoid surgery, sur-
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geons need to be proficient in the general principles of CDE as surgical intervention 
is now generally the last resort for patients with choledocholithiasis not resolved 
after endoscopic intervention.

�Simulation and Laparoscopic Common Bile Duct Exploration

One of the commonly cited reasons for the lack of utilization of the LCBDE proce-
dure is that it requires advanced laparoscopic skills in order to successfully obtain 
clearance of the CBD. While it is true that a transcholedochal exploration requires 
the surgeon to be familiar with advanced laparoscopic maneuvers including intra-
corporeal suturing in order to repair the choledochotomy, the transcystic approach 
can be safely attempted by any surgeon with basic laparoscopic training. There are 
a series of operative steps that must be followed in order to increase the likelihood 
of successfully clearing any CBD obstruction via the laparoscopic approach. 
However, as is the case with any procedure that is done infrequently, many surgeons 
are unfamiliar with the procedural steps of LCBDE.  Most also lack knowledge 
regarding strategies that can be employed when dealing with a variety of intraopera-
tive scenarios, including obtaining and maintaining guidewire access, accessing the 
CBD with the choledochoscope, manipulation of the choledochoscope during stone 
retrieval, and appropriate management of the cystic duct stump (see Video 16.1). 
Surgical simulation has emerged as a viable option for training of novice physicians 
in a multitude of procedures and is not limited only to those in procedural fields. 
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Fig. 16.1  Utilization trends of surgical common bile duct exploration from 1998 to 2013. 
Reprinted with permission from Wandling et al. [7]
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The scope of these simulators ranges widely, including various low-cost inanimate 
task trainers aimed primarily at practicing a single skill, up to live animal models 
that afford trainees the opportunity to practice skills in an environment that closely 
approximates that found in the operating room—but these models are limited by 
issues of cost and ethical concerns.

In an attempt to improve upon previous LCBDE simulation models, Santos and 
colleagues at Northwestern University Feinberg School of Medicine developed a 
low-cost LCBDE simulation program aimed at teaching learners a stepwise 
approach to performance of an LCBDE (Fig. 16.2) [11]. The development of the 
simulator began by defining a comprehensive algorithm covering the cognitive and 
technical considerations necessary for successfully performing an LCBDE 
(Fig. 16.3).

The physical simulator was then developed and incorporated multiple modalities 
utilized during a clinical LCBDE case, including a laparoscopic image utilizing the 
static camera of a Fundamentals of Laparoscopic Surgery™ trainer box, a simulated 
fluoroscopic view by using a second camera and mirror in addition to the endo-
scopic image provided by a flexible choledochoscope for retrieving the CBD “stone” 
(Fig. 16.4).

Performance on a simulated task is improved when learners are provided with 
targeted assessment and feedback at the conclusion of the training session. 
Therefore, in addition to development of the multimodality LCBDE simulator, 
procedure-specific rating scales based on the objective structured assessment of 
technical skills (OSATS) principles were developed for the purpose of evaluating a 
participant’s performance on the simulator. Rather than using a generic rating scale 
based solely on technical skill, the rating scale was based on the previously devel-
oped algorithm and assessed learners on their cognitive understanding of the 

Fig. 16.2  External view of LCBDE simulator and equipment
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Fig. 16.3  Algorithm outlining key cognitive and technical steps of LCBDE. Reprinted with per-
mission from Santos et al. [11]

LCBDE procedure in addition to their technical skill. Examples of these components 
included assessing the understanding of the available adjuncts available for clearing 
the CBD prior to embarking on a laparoscopic exploration, in addition to managing 
the cystic duct stump at the conclusion of the procedure. Learners were also asked 
to provide justification for their choice of operative approach, as the simulator was 
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originally designed to permit either a transcholedochal or a transcystic laparoscopic 
exploration. Given the complex nature of the decision-making process necessary for 
performing LCBDE, utilizing this approach allows raters to better assess a partici-
pant’s overall understanding of the various considerations that must be accounted 
for during the performance of an LCBDE procedure.

�Mastery Learning

While simulation certainly provides advantages for learners, isolated performance 
of a simulated procedure is not adequate preparation for optimal performance in a 
real-world situation. Rather, simulation should function as one part of a comprehen-
sive, goal-directed curriculum designed to provide learners with a global under-
standing of the subject material. Mastery learning (ML) is an educational strategy 
that has undergone a resurgence, particularly in the field of medical education and 
simulation. ML is founded on the principle that any motivated learner has the capac-
ity to reach a predefined competency level, otherwise known as the “mastery” stan-
dard, provided they are given the necessary time and resources in order to attain a 
particular educational goal. This approach is in contrast to the contemporary model, 
whereby learners are given a discrete unit of time in which to accomplish the edu-
cational task. This has traditionally resulted in variable educational outcomes given 
that a proportion of learners will be unable to achieve the defined educational stan-
dard within the allotted time. In contrast, mastery learning is focused on universal 
achievement at the expense of variable learning time and requires a paradigm shift 
in medical education, and particularly surgical education, given the time constraints 
placed on residents. The concept of mastery learning has traditionally been broken 
down into seven core features (Table 16.1) [12].

Fig. 16.4  LCBDE simulated views. (a) Laparoscopic view demonstrating liver (black), gallblad-
der (green), cystic duct, and common bile duct (CBD). (b) Fluoroscopic view demonstrating distal 
filling defect (black) after establishment of guidewire access. (c) Endoscopic view demonstrating 
CBD stone (black) trapped in endoscopic basket retrieval device
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One of the key tenets of ML is the concept of “deliberate practice” [13]. 
Deliberate practice describes a process of immersive, goal-directed practice and 
involves targeted and immediate feedback for the learner. The timely provision of 
this feedback provides learners with an opportunity to quickly correct mistakes and 
increases the likelihood of reaching the defined mastery standard within the allotted 
time. This process fosters a high level of achievement among learners while simul-
taneously reducing variation in educational outcomes, the keystone of the mastery 
learning approach. ML concepts are widely applicable and have found fertile ground 
in the field of medical simulation [14–17].

Simulation-based mastery learning (SBML) has emerged as a unique opportu-
nity in the field of surgical education as a strategy to address training deficiencies 
while promoting graduated responsibility among surgical residents. There are a 
variety of applications for well-designed SBML curricula. SBML can be used to 
provide novices with exposure to various surgical techniques prior to applying those 
techniques in the operating room. Another benefit of SBML is the ability to provide 
residents with exposure to surgical procedures not commonly encountered during 
the normal course of their clinical training. As described earlier, one of the com-
monly cited reasons for the low utilization of LCBDE is lack of exposure to the 
procedure during clinical training.

Using the previously described simulator, Teitelbaum and colleagues designed 
an SBML educational curriculum aimed at teaching senior surgical residents the 
essential steps for performing both a transcystic and a transcholedochal LCBDE 
[18]. The curriculum consisted of a pretest, where resident surgeons were asked to 
perform a simulated LCBDE without any preparation. They were then provided 
with didactic materials and given opportunities for deliberate practice followed by a 
posttest assessment on the simulator. The minimum passing score, or “mastery stan-
dard,” was previously defined by two senior surgeons with prior LCBDE experience 
utilizing the previously described OSATS assessment tool. The SBML curriculum 
was then evaluated among a group of ten senior surgical residents with no prior 
LCBDE experience. None of the original ten residents who participated in the study 
achieved the mastery standard during the initial pretest. However, all residents were 
able to achieve the mastery standard on their posttest after a period of deliberate 

Table 16.1  Seven core principles of the mastery learning bundle

1. Baseline or diagnostic testing
2. Clear learning objectives, sequenced as units usually in increasing difficulty
3. �Engagement in educational activities (e.g., skills practice, data interpretation, reading) 

focused on reaching the objectives
4. A set minimum passing standard (e.g., test score) for each educational unit
5. �Formative testing to gauge unit completion at the preset minimum passing standard for 

mastery
6. �Advancement to the next educational unit given measured achievement at or above the 

mastery standard
7. Continued practice or study on an educational unit until the mastery standard is reached

Reprinted with permission from McGaghie et al. [12]
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practice using the LCBDE simulator. In addition to achieving the mastery standard, 
pre- and post-surveys completed by the participating residents demonstrated a sig-
nificant improvement in their perceived ability to perform an LCBDE indepen-
dently. Importantly, steps were taken to include operating room (OR) nurses and 
staff in the training sessions. This served two primary functions: It improved OR 
staff awareness of the equipment needed when the decision is made to proceed to 
LCBDE and also acquainted them with the key procedural steps. Senior residents 
rotating on the minimally invasive surgery service are now required to demonstrate 
successful completion of the LCBDE mastery curriculum as a core requirement of 
the rotation.

Preliminary work examining the clinical impact of the LCBDE curriculum dem-
onstrates a number of trends that have significant implications, both for patients 
presenting with choledocholithiasis and for the training of surgical residents. First, 
an analysis of LCBDE utilization before and after implementation of the SBML 
curriculum demonstrated a statistically significant increase in the clinical use of 
LCBDE, both in terms of the absolute number of cases being performed per year 
and the overall percentage of patients presenting with choledocholithiasis who 
underwent single-stage management with LC/LCBDE compared to two-stage man-
agement with LC + ERCP. In addition to the overall increase in the use of LCBDE, 
the analysis demonstrated that the majority of cases done after curriculum imple-
mentation were performed by surgical faculty who had no prior LCBDE experience 
with the assistance of a resident who had successfully completed the LCBDE cur-
riculum. This is an example of an educational intervention aimed solely at residents 
that resulted in a change in the pattern of surgical practice within an institution and 
represents a profound deviation from the traditional structure of surgical education. 
Additionally, when compared to ERCP + LC, the use of LCBDE among similarly 
matched patients resulted in significant cost savings and a reduced length of stay. 
These unpublished results (in press) provide an example of the potential benefits of 
implementing a targeted intervention designed to address a deficiency in current 
surgical practice and suggest that a well-designed SBML curriculum can effectively 
supplement the traditional apprenticeship model for the benefit of trainee surgeons 
while also resulting in significantly improved patient-level outcomes.

�Conclusion

The use of LCBDE remains a clearly underutilized modality for managing patients 
who present with uncomplicated choledocholithiasis, despite continued evidence of 
its efficacy and cost-effectiveness when compared to the use of ERCP. While there 
is clearly a role for endoscopic management of these patients, it must be remem-
bered that the procedure is not without its attendant risks, some of which can result 
in major morbidity or mortality. In addition, the use of single-stage LCBDE and 
laparoscopic cholecystectomy has obvious benefits to patients by avoiding multiple 
procedures, limiting anesthetic interventions, and shortening hospital stay. We 
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believe that LCBDE should be the first choice for appropriately selected patients 
who present with choledocholithiasis.

Given the current clinical environment where ERCP is often the first step in 
management, opportunities for surgical residents to gain experience with the tech-
niques necessary to perform a safe and therapeutic LCBDE are limited. Performing 
LCBDE does require surgeons to follow a series of cognitive and technical steps 
that will increase the likelihood of success and is not necessarily intuitive to those 
unfamiliar with the procedure. In an attempt to address the decline of LCBDE in 
surgical training and clinical use, researchers at Northwestern University designed, 
built, and evaluated a low-cost, multimodality LCBDE simulator and developed an 
SBML curriculum aimed at teaching novices the necessary skills to perform the 
procedure. Analysis of utilization trends and clinical outcomes demonstrated a sig-
nificant increase in the use of LCBDE in addition to significant decreases in hospital 
length of stay and cost for patients who underwent LCBDE after implementation of 
the curriculum.

The success of this intervention represents an example of translational science in 
action, namely, a comprehensive SBML program designed to address a specific 
clinical deficiency in surgical training resulted in clinically significant high-level 
outcomes in the form of reduced cost, length of stay, and a high return of investment 
for the home institution. SBML will continue to serve as a powerful tool for surgical 
educators as they strive to prepare the next generation of surgeons for practice in an 
era of increasing technological advances and evolving patient care management 
strategies.
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