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ABSTRACT

Background: Laparoscopy has become the standard of
care in most general surgery procedures. This has led to a
decrease in the number of open surgical procedures for
surgical training, particularly as senior surgeons retire. The
aim of this study was to evaluate the impact of retiring sen-
ior surgeons on our residents’ operative experience.

Methods: Cholecystectomies performed between Jan
2010 and Dec 2016 were retrospectively reviewed.
Surgeons training residents were divided into two groups
based on their training experience. Group 1 were trained
in the prelaparoscopic era, and group 2 were trained dur-
ing the age of laparoscopy. We then evaluated the impact
of retirement on the number of open cholecystectomies
performed.

Results: There were 4555 laparoscopic cholecystecto-
mies performed at our institution over a 7-year period.
Overall conversion rate was 1.5% (66/4555). Conversion
rates were higher in group 1 as compared to group 2.
The analysis of the number of open cases performed by
each graduating resident showed reduction in the num-
ber of open cholecystectomies performed over time.

Conclusion: The decline in the number of open chole-
cystectomies creates a challenge for the training of gen-
eral surgery residents. To compensate, we have
employed simulation curriculum with the use of cadav-
eric surgical anatomy courses. Additionally, with trans-
plant curriculum, open cholecystectomy experience has
increased with liver transplant exposure. Continued lapa-
roscopic experience has also shown that advanced

laparoscopic techniques such as top down dissection lap-
aroscopically have decreased the need for conversion to
open and are skills that graduating residents possess.

Key Words: Open cholecystectomy, New learner, Obstacles,
Challenges.

INTRODUCTION

Laparoscopic cholecystectomy is the most commonly
performed laparoscopic procedure in the United States.
It is the standard of treatment for gallbladder disease in
the United States. Although laparoscopic cholecystec-
tomy is safe in terms of morbidity and mortality,1,2 com-
plications can arise. Common bile duct injury (0.49% –

1.2%) is the most common major complication, followed
by vascular injury, bowel injury, complications related
to pneumoperitoneum, as well as herniation at the 10-
mm trocar site.3,4 Complications are mainly influenced
by the surgeon’s experience and laparoscopic skills, as
well as surgical pathology.5 In an attempt to avoid these
complications during challenging laparoscopic cases,
surgeons convert to an open procedure. Most series
report a conversion rate of 5–10%; however, others have
reported lower rates in the 1–2% range.6,7 Conversion
rates vary depending on the institution, and it correlates
directly with the laparoscopic skills of the surgeon, par-
ticularly, lower rates with more advanced laparoscopic
skills. Namias and colleagues8 showed that because of
this, experience in open cholecystectomy is steadily
decreasing.

Since the introduction of laparoscopic cholecystectomy
30 years ago, the number of open cholecystectomies
performed by general surgery residents has declined. A
study conducted at the University of Texas Health
Science Center by Sirinek et al.9 showed that “the aver-
age general surgery resident completing training in
2000 has performed 15.5 open cholecystectomies, ver-
sus 90 in the prelaparoscopic era. This figure decreased
to 12.6 by 2004.” Subsequently, studies show that resi-
dents reported reduced confidence in the management
of unexpected events during laparoscopic operations.10
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The purpose of this study is to show whether our gen-
eral surgery residents have acquired adequate exposure
to open cholecystectomy to possess the technical skills
needed to safely perform open cholecystectomy as an
initial approach or as a result of conversion from a lapa-
roscopic approach.

MATERIALS AND METHODS

This retrospective study was reviewed and approved by
the Institutional Review Board. Our institution is a com-
munity-based teaching hospital, which graduates 3 cate-
gorical residents per year. There were 4555 patients who
underwent laparoscopic cholecystectomy between Jan
2010 and Dec 2016 at our institution. All conversions to
open cholecystectomy were noted. No planned open
cholecystectomies occurred. Surgeons involved in training
residents were divided into 2 groups based on their perso-
nal training experience. Surgeons in group 1 received
training in the prelaparoscopic era, before the rise of
modern laparoscopy. Those who trained during the mod-
ern age of laparoscopy were placed into group 2. The
total number of open cholecystectomies performed by
surgeons in both groups 1 and 2 were calculated to show
the total number of open cholecystectomies available for
each chief resident.

Statistical Analysis

All categorical data are described using counts and col-
umn percentages. All analyses were performed using SAS
9.4 (SAS Institute Inc., Cary, NC).

RESULTS

The number of laparoscopic cholecystectomies and the
conversion to open cholecystectomies was reviewed at
this facility over a 7-year period from Jan 2010 to Dec
2016 (Table 1). These numbers were shown as a raw
number of laparoscopic versus open procedures, as well
as a ratio of the number of open cases per year and per
graduating general surgery resident (3 residents per year
at this facility). These ratios were expressed and shown
for the 2 groups of training surgeons: those trained in the
prelaparoscopic era (group 1) and those trained in the
laparoscopic era (group 2). There were 4555 laparoscopic
cholecystectomies performed over the 7-year period. The
overall conversion rate from laparoscopic to open chole-
cystectomy was 1.5% (66/4555; Table 1). Based on 3 cate-
gorical residents per year, this would permit each resident
graduating in 2016 to perform 4.33 open cholecystecto-
mies during their training. Table 1 demonstrates that
most of the conversions were in group 1. The overall con-
version rate for group 1 is 3.1 compared to 0.8 for group
2. As we proceed from 2010 to 2016, we see a trend of

Table 1.
Counts and Percentages of Total Procedures and Conversion Rates by Year

2010 2011 2012 2013 2014 2015 2016 All Years

All, N

Total 692 713 672 608 611 633 626 4555

Converted, N (%) 13 (1.8) 10 (1.4) 10 (1.5) 10 (1.6) 10 (1.6) 7 (1.1) 6 (1.0) 66 (1.5)

Open cases/resident 4.33 3.33 3.33 3.33 3.33 2.33 2.0

Group 1, N

Total 325 325 251 127 122 106 85 1341

Converted, N (%) 9 (2.8) 6 (1.9) 7 (2.8) 6 (4.7) 6 (4.9) 4 (3.8) 3 (3.5) 41 (3.1)

Open cases/resident 3.0 2.0 2.33 2.0 2.0 1.33 1.0

Group 2, N

Total 367 388 421 481 489 527 541 3214

Converted, N (%) 4 (1.1) 4 (1.0) 3 (0.7) 4 (0.8) 4 (0.8) 3 (0.6) 3 (0.6) 25 (0.8)

Open cases/resident 1.33 1.33 1.0 1.33 1.33 1.0 1.0
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decreasing numbers of cholecystectomies performed by
group 1 surgeons and an increase in the number of cases
performed by group 2 surgeons (Figure 1). As the num-
ber of cholecystectomies performed by surgeons in group
1 declines, the number of open cases also declines
(Figure 2). As group 1 surgeons continue to retire, the
overall number of open cases will continue to decrease
tremendously.

DISCUSSION

Laparoscopic cholecystectomy is the standard of care for
treating gallbladder disease. After years of technological
advancement in laparoscopy and increasing surgical ex-
perience, the number of patients undergoing open chole-
cystectomy has significantly decreased. However, those
with complicated gallbladder pathology, such as exten-
sive inflammation, intra-abdominal adhesions, or gallblad-
der cancer may still require an open approach.
Additionally, Visser and colleagues11 report that the most
common indication for an open cholecystectomy today is
that it is performed in conjunction with another procedure
requiring laparotomy.

The conversion rate from laparoscopic to open chole-
cystectomy varies widely in reported series: some are at
10%, whereas other centers report rates that are closer to
1–2%.6,7 Schulman and colleagues12 in 2007 reported a
5.2% conversion rate for 745 patients undergoing laparo-
scopic cholecystectomy. Oymaci and colleagues13 in
2014 reported a 27.9% conversion rate for 165 patients
undergoing laparoscopic cholecystectomy for acute

cholecystitis. Rates continue to decrease as reported by
other authors.8,9

The question remains, are we adequately training our gen-
eral surgery residents to possess the skills necessary to con-
fidently and safely perform open cholecystectomy? There
are no clearly defined numbers set by the Accreditation
Council for Graduate Medical Education that define how
many open cholecystectomies should be performed by
each graduating general surgery resident.14 Reines and
Seneca15 have commented that there is “no data on the
number of open procedures necessary to make a compe-
tent surgeon.” Furthermore, de Costa16 aptly notes that
“there is a generation of surgeons emerging who have lim-
ited experience with the open operation.” He also notes
that whereas the decision to convert to open technique
may represent a retreat to common ground for an experi-
enced senior surgeon, it may add unfamiliarity to an al-
ready hazardous situation for those with less experience.

In this study conducted at our institution, a community
teaching hospital, we assessed the overall impact of
decreasing numbers of open cholecystectomy on the resi-
dency training program. We looked at the average num-
ber of open cholecystectomies performed by each chief
resident over a 7-year period. Analysis of data from all
patients who underwent a cholecystectomy at our institu-
tion from Jan 2010 to Dec 2016 showed that the number
of open cases varied between the two groups of surgeons.
As shown in Table 1, there were more conversions in
group 1 as compared to group 2. Additionally, as some of
the surgeons in group 1 retired in 2013, the number of
cholecystectomies in group 1 dropped from 325 to 127.
As the number of general surgeons in group 1 continue to
decrease due to retirement, we will be left with a marked
reduction in the number of open cholecystectomies to
less than 1 case per chief resident.

Figure 1. Number of cholecystectomies performed by group
and year. Group 1 represents surgeons trained in the prelaparo-
scopic era and group 2 represents surgeons trained in the lapa-
roscopic era.

Figure 2. Number of open cholecystectomies performed by
group and year. As senior surgeons continue to retire the num-
ber of open cholecystectomies continues to decrease.
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In modern-day training, residents are seeing minimal ex-
posure to open cholecystectomies, raising concerns that
residents may not be properly trained to perform open
cholecystectomies. Sirinek et al.9 stated that “this is prob-
lematic because they will not have enough know-how to
take on a very complicated patient with severe inflamma-
tion secondary to acute/gangrenous cholecystitis.”
Schauer and colleagues17 first demonstrated the adverse
effect of laparoscopic cholecystectomy on resident train-
ing. Our data and the literature to date support the con-
tention of Visser et al.11 that the “requisite technical skills”
and “sufficient clinical experience” are problematic when
it comes to performing open cholecystectomy. However,
they suggest that this gap might be partially ameliorated
by general surgery residents participating in a large num-
ber of emergency gastrointestinal and trauma procedures.
They also contend “that the principles learned and experi-
ence gained from these cases are applicable to urgent
biliary surgery.” An additional source of skills for compli-
cated biliary tract surgery can be gained through elective
operations involving pancreaticobiliary tumors according
to Visser et al.11 To make up for this deficit in the number
of open cholecystectomies, several suggestions have been
reported in the literature, but they have not been widely
accepted. These suggestions include a video library of
complicated biliary procedures available to residents,
instructional presentations, and American College of
Surgeons sponsored fellowships.18 These adjuncts might
make it possible for practicing young general surgeons in
the future to possess the technical skills necessary to per-
form an open cholecystectomy, either initially or as a con-
version from the laparoscopic approach.

As the emphasis for laparoscopic and simulation training
continues to rise, the use of simulated learning techniques
as adjunct learning will also continue to rise. In an attempt
to provide simulated learning for open techniques, this
program has employed simulation curriculum with the use
of cadaveric surgical anatomy courses. During these
courses both the surgical anatomy and the procedures can
be taught in a simulated environment outside of the operat-
ing room to provide more adequate hands-on training.

Additionally, one reason for decreased conversion with
laparoscopically trained surgeons is because of advanced
laparoscopic skills that are subsequently passed down to
training residents. One such skill is the use of a hybrid
approach in which residents use a “top down” dissection
approach during laparoscopy, similar to that which would
be used during an open cholecystectomy. This technique
provides a safe window of dissection just as the estab-
lished critical view of safety, but with a different

perspective. Although teaching this technique decreases
the rate of conversion to open, it also prepares residents
for open dissection should they need to convert to open
in difficult cases. Attendings are aware that this technique
is challenging initially and an effort is made to use this
technique in routine gallbladders as well as difficulty gall-
bladders to increase residents’ comfort level.

As has been shown by previous studies, residents are also
exposed to open cholecystectomy during pancreaticobili-
ary procedures. The addition of a devoted transplant sur-
gery rotation as required by the Accreditation Council for
Graduate Medical Education has increased the exposure
of senior residents to open cholecystectomies. As this
rotation was not added until after the completion of this
study, it is not evident how this will change the total num-
ber of open cholecystectomies performed by senior resi-
dents and would need to be evaluated further.

In conclusion, the number of open cholecystectomies will
only continue to decrease in the coming years with
increased skill in laparoscopy. As we examine the trends of
the increasing numbers of laparoscopic procedures and
the emphasis placed on this skill set during training, we
see that there is an alarming trend of decreasing numbers
of open surgical training. This decrease, as reflected in our
results, can be expected to continue to fall dramatically as
the generation of surgeons who trained prior to laparo-
scopy begin to reach the end of their careers. This gap in
surgical training is not unique to general surgery alone; this
problem is also currently being addressed in other fields
such as gynecology and urology. This makes it necessary
to take advantage of the few open cases available to them
to adequately prepare. This applies not only to active case-
load, but also to exposure via simulation, educational lec-
tures, and videos. However, overall, the move to
laparoscopic training is a great advancement in surgical
training, and the skills used in laparoscopy translate well to
the same procedures performed in the open setting.
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