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Abstract
Laparoscopic cholecystectomy (LC) has been widely performed for gallbladder disease. However, it has potential fatal compli-
cations such as vasculo-biliary injury, which are related to inexperience. Therefore, surgical training of surgical residents in safe
and accurate LC technique is important. The aim of this study was to investigate the personal learning curve of one resident and to
confirm the safety of LC performed by a surgical resident. We retrospectively reviewed 151 patients who underwent LC
performed by a single surgical resident at Hanyang University Hospital. Three or four trocars were inserted, and the “critical
view of safety (CVS)” was established in all patients. All procedures were supervised by an experienced hepatobiliary and
pancreatic surgeon. Of a total 428 LCs during the study period, 151 were performed by a single surgical resident. There were no
significant differences between Group A, the surgical resident, and Group B, the experienced surgeon, in open conversion rate
(0.7% vs. 3.2%, p = 0.106) and postoperative complications (6.6% vs. 3.3%, p = 0.107). No major complications including
vasculo-biliary injury were recorded in either group. Group A had a significantly longer operative time than Group B (62.48
vs. 51.52, p < 0.001). LC performed by the surgical resident was safe although operative time was longer. However, inexperi-
enced surgeons must always remember to confirm the CVS and follow basic laparoscopic surgery techniques during LC. These
principles should be taught by attending staff over the learning curve. Lastly, we recommend the “4Ss” (Subject, Standardization,
Stepwise approach, Supervision)” for safe and effective training in LC.
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Introduction

Laparoscopic cholecystectomy (LC) is widely performed to
treat gallbladder diseases such as acute cholecystitis [1–3]. As
populations continue to age, the demand of surgery for gall-
bladder disease will increase, and LC is a necessary part of the
surgeon’s repertoire [4]. However, LC can cause critical com-
plications such as vasculo-biliary injury, which makes it dif-
ficult to learn and practice [5–8].

Because of the need for LC and the risks it entails, sophis-
ticated LC training is required, especially during residency. In
fact, Friedman et al. reported that the rate of biliary complica-
tions was lower in operations performed by surgeons who

learned LC during their residency than in those performed
by surgeons who did not [9].

However, for various reasons, there are not many op-
portunities for surgical residents to learn LC. One reason is
that the procedures of minimal invasive surgery are diffi-
cult to manipulate, and there are fewer opportunities for
education than in open surgery [10, 11]. The second reason
is that there are critical complications of LC such as
vasculo-biliary injury, which makes it difficult to obtain
surgical opportunities [5–8]. In addition, LC training is
hard to carry out because of restrictions in residents’ work-
ing times and ethical and legal issues that have arisen re-
cently [12].

Although, despite these difficulties, efforts are frequently
made to teach LC during residency, most surgical residents
require extra training after their residency. In fact, a United
States study reported that about 65% of surgical residents
pursue additional training for laparoscopy [13], and about
82% reported a lack of education in minimally invasive sur-
gery in Canada [14].
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In this study, we analyzed 151 cases of LC performed by a
single surgical resident in the Republic of Korea. In this way,
we attempted to assess the safety of the LC performed by
surgical residents. In addition, we tried to identify effective
learning programs based on the experience of this one surgical
resident.

Materials and Methods

We retrospectively reviewed a total of 428 LCs performed
between October 2014 and September 2016 in Hanyang
University Hospital, Seoul, Republic of Korea. These opera-
tions were classified into two groups according to the opera-
tor. Group A contained 151 cases of LC performed by the
surgical resident, and Group B comprised 277 cases per-
formed by an experienced surgeon. All the operations of
Group A were performed with the experienced Group B sur-
geon as camera operator and the “critical view of safety
(CVS)” was confirmed [15, 16]. This restrospective study
was approved by the Institutional Review Board (IRB) of
Hanyang University Hospital, Seoul, Korea, and all research
conducted adhered to the tenets of the Declaration of Helsinki
(IRB No. 2018–09-021).

Training Program for Surgical Residents

A surgical resident’s education during the first and second
years includes participation as camera operator in more than
200 cases of LC, two or three experiences of animal laparo-
scopic surgery using pigs, and the study of anatomy texts,
surgical procedures, and their complications.

After that, when the surgical resident is in the third and
fourth years, he or she undertakes LC stepwise, first for non-
inflammatory gallbladder then for inflammatory gallbladder
or 3-port operations. In addition, from the third year, the res-
ident performs operations such as laparoscopic appendectomy
together with the “starting” surgery.

Operative Technique

Using the Hasson technique, a 12-mm camera port is inserted
into the subumbilical area, and a pneumoperitoneum is
formed. Three more trocars are inserted under camera vision.
When necessary, adhesiolysis is carried out, and important
signposts such as the falciform ligament and Rouviere’s sul-
cus are identified (Fig. 1A). Serosal dissection is performed
based on these parameters followed by dissection of the
subserosal layer (Fig. 1B). The cystic artery and cystic duct
are identified in the hepatocystic area, CVS is confirmed
(Fig. 1C), and ligation is performed using an endoclip for each
artery and duct. Finally, the gallbladder is removed from the
gallbladder bed, and bleeding is controlled. The gallbladder is

removed with an endopouch through a subumbilical incision,
and, if necessary, a drain is inserted in the foramen of
Winslow. Thereafter, the trocar sites are closed and the oper-
ation terminated.

The 3-port operation was performed in the same manner as
described above except that one fewer port was used.

Statistical Analysis

All statistical analyses were performed with SPSS 21.0 soft-
ware (SPSS Chicago, IL, USA). The Chi-square test and
Fisher’s exact test were used to compare categorical variables,
and Student’s t test was used to compare continuous variables.
A p value < 0.05 was defined as statistically significant in all
analyses.

Results

Comparison of Clinical Data Between Two Groups

Table 1 summarizes comparisons of the patient character-
istics and surgical outcomes in Groups A and B. There
were no statistically significant differences between the
two groups in age, sex, body mass index (BMI), rate of
acute cholecystitis, rate of 3-port operation, conversion
rate, rate of complications (during or after surgery), and
deaths. However, American Society of Anesthesiologists
(ASA) scores, operation times, and hospital days differed
significantly between the groups (p = 0.018, p = 0.001,
and p = 0.021, respectively).

Case Distribution per Period in Group A

The research period of 24 months was divided into 4
quarters of 6 months (Fig. 2). Of the 151 Group A oper-
ations, 36 were performed in the first year, and the others
were performed in the following year. Among 26 opera-
tions for acute cholecystitis, only 5 were performed in the
first year. LC via a 3-port operation was not performed in
the first year, and 17 operations were performed in the
following year.

Complications and Problems in Group A

There were 12 perioperative complications in Group A
(surgical resident). Of these, 10 were postoperative com-
plications, all of which were wound complications solved
with simple dressings, and 2 were intraoperative compli-
cations. One of these was converted to open surgery and
bleeding control was performed, and there was a
prolonged hospital stay after surgery. The other was a
small bowel injury resulting from insertion of the
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Table 1 Comparison of patient characteristics and surgical outcomes in the two groups

Surgical resident
(Group A, n = 151)

Experienced surgeon (Group B, n = 277) p value

Age 54.60 (21–90) 57.42 (18–95) 0.069

Sex Male 63(41.7%) Male 131(47.3%) 0.269
Female 88(58.3%) Female 146(52.7%)

Body mass index 24.36 (14.70–35.10) 24.37 (13.80–44.80) 0.958

ASA* score I 49 (32.5%) I 74 (26.7%) 0.018
II 81 (53.6%) II 137 (49.5%)

III 21 (13.9%) III 62 (22.4%)

IV 0 (0%) IV 4 (1.4%)

Acute cholecystitis Acute 26 (17.2%) Acute 59 (21.5%) 0.295
Chronic 125(82.8%) Chronic 216 (78.5%)

Operation time (min) 62.48 (20–180) 51.52 (20–240) < 0.001

3-port operation 4 port 134 (88.7%) 4 port 232 (83.8%) 0.161
3 port 17 (11.3%) 3 port 45 (16.2%)

Conversion 1 (0.7%) 9 (3.2%) 0.106

Intraoperative
complications

2 (1.3%) 7 (2.5%) 0.407

Postoperative complications 10 (6.6%) 9 (3.3%) 0.107

Mortality 0 0 0

Postoperative hospital days 1.77 (1–15) 2.33 (1–21) 0.021

*ASA American Society of Anesthesiologists

Fig. 1 Anatomical point of LC: (A) Dissection line with Rouviere’s
sulcus. (B) Subserosal in layer. (C) Critical view of safety. (A) The white
line that initiates the dissection with the gallbladder pulled forward estab-
lishes the hypothetical dissection line connecting Rouviere’s sulcus and
the falciform ligament. (B) When the subserosal layer is approached, the

critical view of safety (CVS) can be achieved with minimal bleeding and
safe dissection. (C) Prior to ligation of the cystic artery (arrow head) and
cystic duct (arrow), the CVS has to be obtained on both the anterior (C1)
and posterior (C2) fields of view
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subumbilical trocar. The patient fasted during an addition-
al period and had longer hospital stay; otherwise, no other
complications occurred.

Although not complications, 5 operations were assisted by
an experienced surgeon (Table 2). In these 5 cases, the expe-
rienced surgeon participated in some aspects of the surgical

Table 2 Complicated and special cases in Group A operations

Intraoperative complications in Group A

Case number Complication Management

#48 Bleeding due to cystic artery injury Conversion cholecystectomy and bleeding control

#83 Small bowel injury during subumbilical trocar insertion Primary closure of small bowel

Cases in Group A where the operator was changed intraoperatively

Case number Case information Complication

#29 Tearing of gallbladder neck No complication

#48 Bleeding due to cystic artery injury Conversion cholecystectomy
No other complication

#97 Not securing CVS No complication

#119 Bleeding due to cystic artery injury No complication

#131 Not securing CVS No complication

Special examples of LC in Group A

Case number Case information Management

#18 Situs inversus Intraoperative cholangiography

#49 Left-sided gallbladder No

#58 Gallbladder cancer Extended cholecystectomy

#90 Gallbladder cancer 2nd operation for extended cholecystectomy

*LC laparoscopic cholecystectomy, CVS critical view of safety

Fig. 2 Distributions of cases per period (Group A, surgical resident), In
Group A (surgical resident), the total laparoscopic cholecystectomy (LC)
number increases over time. The relatively difficult operations, acute

cholecystitis and 3-port operations, were also performed more in the
2nd year than the 1st year
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procedures to deal with problems, and all the patients recov-
ered without complications.

Special Cases in Group A

Some of the 151 cases were not typical. Two involved ana-
tomical variations of the gallbladder (Table 2) and underwent
LCwithout any problem, after confirming CVS. In addition, if
common bile duct stones or other common bile duct problems
were suspected, or if confirmation of the common bile duct
was required during surgery, laparoscopic intraoperative chol-
angiography was performed. Lastly, in patients suspected of
having gallbladder cancer, special care was taken to ensure
that the gallbladder did not perforate. In fact, T2 stage gall-
bladder cancer was diagnosed in 2 patients, and extended
cholecystectomy was performed after LC.

Discussion

In this study, we analyzed 151 LC operations performed by
one surgical resident over 2 years and compared the outcomes
with LC performed by an experienced surgeon over the same
period. ASA scores were significantly higher in Group B be-
cause the experienced surgeon operated mainly on patients
with high ASA scores regardless of the severity of gallbladder
disease in view of patient safety. In addition, patients in Group
B (experienced surgeon) had longer hospital stays than those
in Group A, because the patients with high ASA scores need-
ed longer recovery periods after surgery. However, there was
no significant difference between the two groups in postoper-
ative outcomes except for operation times. Based on these
results, we confirmed the safety of LC performed by a surgical
resident under the supervision of an experienced surgeon.

Two (1.3%) complications occurred, and 5 (3.3%) difficul-
ties arose during the Group A operations. However, all the
operations were completed with supervision by the experi-
enced surgeon without any significant problems. There were
also a few special cases such as one involving a left-sided
gallbladder, but they were carried out without any difficulty
by the educated step method with securing of CVS.

In addition, since the biliary system including gallbladder
has many anatomical variations, and abnormal findings in the
common bile duct are common, trainees need education in
laparoscopic intraoperative cholangiography so as to be able
to confirm the anatomy of the biliary system during surgery.

In the medical education system in the Republic of Korea, a
total 6 years of medical school education, including 2 years of
premedical school, must be completed to become a doctor.
After this, a 1 year internship and 4 years as surgical resident
are required. Thus, it takes more than 11 years to become a
surgeon. Moreover, most surgeons in the Republic of Korea

also need extra training such as fellowships in the divisions of
hepatobiliary and pancreatic surgery.

Many efforts are being made to provide education in lapa-
roscopic surgery including LC during the residency period in
the Republic of Korea. However, in reality, providing effec-
tive education for surgical residents is difficult due to legal
problems including working hours, ethical problems, and the
fact that many patients want to be operated on by an experi-
enced surgeon. For these reasons, we have tried to develop an
LC training program that is effective for surgical residents and
safe for patients.

Studies on safe and effective LC training for surgical resi-
dents have been conducted in many countries [9, 17–21].
Dario et al. analyzed the safety of LC performed by surgical
residents based on a retrospective analysis of 569 LC cases in
Italy. [22] In addition, Koulas et al. analyzed 1370 LC cases in
Greece and reported on the safety of supervised LC performed
by surgical residents [23]. However, many of the studies in-
volved a number of different residents, and most were done
from the viewpoint of the experienced surgeon, not from the
position of surgical resident. [24–27]. In this study, we tried to
establish the safety of LC performed by surgical residents via
the results of LC operations performed by a single resident. In
addition, we considered methods for effective LC training
from the viewpoint of the surgical resident, not the experi-
enced surgeon.

For effective surgical resident training, we recommend the
“4Ss” (Subject, Standardization, Stepwise approach,
Supervision) (Fig. 3). The first “S” is the “Subject” and refers
to LC-related knowledge such as the relevant anatomy and
important indicators such as “critical view of safety (CVS),”
post-operative complications, and so on. This knowledge is
required to support accurate surgical technique and minimize
complications. The second “S” stands for “Standardization”.
Standardization of the surgical procedure and technical ma-
neuvers, as well surgical instruments, can minimize the con-
fusion that may occur during surgery. The third “S” stands for
“Stepwise approach” and refers to the step-by-step experience

Fig. 3 “4Ss” for resident training in LC, for efficient surgical resident
training for LC, we suggest that education should be based on the “4Ss”
(Subject, Standardization, Stepwise approach, Supervision)”
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of the operation as provided in our surgical resident training
program. Initially, the surgical resident participates in the sur-
gery as the camera operator, and after he/she has performed a
simple operation such as a non-inflammatory GB, operations
such as inflammatory GBs and 3-port procedures are per-
formed. The last “S” is “Supervision”, which is essential for
patient safety and the state of balance of residency training.

Conclusion

Under the supervision of an experienced surgeon, standard-
ized LC performed by a surgical resident is safe. “4Ss”
(Subject, Standardization, Stepwise approach, Supervision)”
are recommended for effective surgical resident training in
LC.
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