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Purpose: Robotic-associated minimally invasive surgery is a novel method for overcoming some
limitations of laparoscopic surgery. This study aimed to evaluate the outcomes (postoperative pain,
cosmesis, surgeon’s workload) of single-incision robotic cholecystectomy (SIRC) vs. single-incision
laparoscopic cholecystectomy (SILC) vs. conventional three-port laparoscopic cholecystectomy
(3PLC).

Methods: 134 patients who underwent laparoscopic or robotic cholecystectomy at a single center
during 2016~2017 were enrolled. Prospectively collected data included demographics, operative
outcomes, questionnaire regarding pain and cosmesis, and NASA-Task Load Index (NASA-TLX)
scores for surgeon’s workload.
Results: 55 patients underwent SIRC, 29 SILC, and 50 3PLC during the same period. 3PLC patient

group was older than the others (SIRC vs. SILC vs. 3PLC: 48.1 vs. 42.2 vs. 54.1 years, p<0.001).
Operative time was shortest with 3PLC (44.1 vs. 38.8 vs. 25.4 min, p<0.001). Estimated blood loss,
postoperative complications, and postoperative stay were similar among the groups. Pain control was
lowest in the 3PLC group (98.2% vs. 100% vs. 84.0%, p=0.004), however, at 2 weeks postoperatively
there were no differences among the groups (p=0.374). Cosmesis scores were also worst after 3PLC
(17.5 vs. 18.4 vs. 13.3, p<0.001). NASA-TLX score was highest in the SILC group (21.9 vs. 44.3 vs. 25.2,
p<0.001).
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Conclusion: Although SIRC and SILC take longer than 3PLC, they produce superior cosmetic
outcomes. Compared with SILC, SIRC is more ergonomic, lowering the surgeon’s workload. Despite
of higher cost, SIRC could be an alternative for treating gallbladder disease in selected patients.
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INTRODUCTION
Laparoscopic cholecystectomy has been a standard pro-
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cedure for treating benign gallbladder diseases, such as cholelithiasis, gallbladder polyps, and cholecystitis.1 Recently,
however, interest in cosmesis and minimizing incision-related
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complications has been increasing, with the result that singleport incision laparoscopic surgery (SILS) has been performed
more widely to accomplish cholecystectomy, appendectomy,
proctocolectomy, and gastrectomy.2-4 Advantages of singleport laparoscopic surgery via an umbilical incision include less
postoperative pain, decreased postoperative vomiting, minimal
incision (resulting in only a small scar), and better cosmetic
outcomes.5-7 Although the safety and feasibility of single-port
laparoscopic cholecystectomy (SILC) have been reported in
previous studies, there has been lack of reports dealing with
the surgeons’ workload. Generally, SILS is associated with
more physical and mental stress than is engendered with conventional laparoscopic surgery because of the limited range of
motion and impedance due to the camera’s presence, resulting from the small size of the single-port incision.8 Therefore,
single-port robotic cholecystectomy (SIRC) has emerged as a
new method that maintains the advantages of SILC and overcomes its disadvantages. SIRC allows operators to experience
less fatigue and provides good ergonomics. Moreover, the surgery can be performed with the wrist movements undertaken
while sitting at the console, providing more precise manipulation.
This study was designed to evaluate the advantages of SIRC
in terms of patients’ postoperative pain and cosmetic outcomes
and the workload for surgeon. In addition, we aimed to compare SIRC with SILC and three-port laparoscopic cholecystectomy (3PLC).

Surgical procedure
Robotic cholecystectomy
Detailed surgical procedures of robotic cholecystectomy
were described in a previous study.9 A 2-cm umbilical skin
incision was made for the single port and extended to 2.5~3.0
cm at the level of the fascia. The peritoneal cavity was approached using an open technique, and a Glove port® was inserted (NELIS Medical, Bucheon, South Korea). After robotic
platform docking, surgeons started the operation at a console.
With the assistant grasping the gallbladder fundus by forceps,
Calot’s triangle was visualized safely and clearly. The cystic
duct and artery were then dissected and ligated with clips.
The gallbladder was dissected from the liver bed and removed
through the umbilical port. The fascia and skin were closed
with absorbable interrupted sutures.
Single-incision laparoscopic cholecystectomy
For SILC, a 2-cm skin incision was made through the
umbilicus, deepening to the peritoneal cavity, and extending to 2.5~3.0 cm at the level of the fascia. Lapsingle® (Sejong
Medical, Paju, South Korea), a port for SILC, was inserted. It
consisted of four ports that would accommodate a camera and
an operator (Fig. 1). Instruments included graspers and a monopolar hook (straight-type), the same as used for 3PLC. The
rest of the cholecystectomy procedure was similar to that for
SIRC. The specimen, held in the left-hand grasper, is removed
together with the glove port.

MATERIALS AND METHODS
Patients
Among the patients who underwent SIRC, SILC, or 3PLC
at Seoul National University Hospital Seoul between January
2016 and July 2017, we enrolled 134 patients in this study after
they gave informed consent. Following explanations of the
characteristics and costs of each method, the patients themselves chose the operation to be performed. All patients were
at least 18 years of age. Patients with the following were excluded: acute cholecystitis; combined common bile duct stone;
suspicious malignancy; bleeding tendency; obesity; pregnancy.
Clinicopathologic data were collected prospectively according to the protocol of the institution and were recorded in an
electronic medical database. Parameters recorded included the
patient’s age, sex, body mass index, indication for operation,
preoperative symptoms, preoperative laboratory results (white
blood cell count and albumin, total bilirubin, and C-reactive
protein levels), operative time, estimated blood loss (EBL), and
complications. This study was approved by the institutional
review board (IRB no. 1602-077-740).

Fig. 1. Lapsingle® (Sejong Medical, Paju, South Korea) used for singleport laparoscopic cholecystectomy.
www.e-jmis.org
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Postoperative pain evaluation and management

Three-port laparoscopic cholecystectomy
For 3PLC, a subumbilical incision was made through the
umbilicus, and a 12-mm trocar was inserted to accommodate
a camera. Two more 5-mm trocars were inserted into the
epigastric area and right upper quadrant, respectively, for the
operator. The gallbladder infundibulum was retracted with the
left-handed forceps, and Calot’s triangle was dissected. The
rest of the cholecystectomy procedure was similar to that of
SIRC. The specimen, encased in a Lapbag® (Sejong Medical,
South Korea), was removed via the umbilicus.

Postoperative pain was evaluated using a numeric rating
scale (NRS) and a visual analogue scale (VAS).10 The NRS
was checked on the day of the operation and on postoperative
day (POD) 1. Intravenous opioids and nonsteroidal anti-inflammatory drugs were given to patients on demand and were
calculated as the number of injections. When the patients visited the outpatient clinic 2 weeks postoperatively, the patients
underwent a VAS check for epigastric, right upper quadrant,
umbilical, and other-site pain by completing a questionnaire
(Fig. 2).

Do you have pain?
Please, answer the scales by circling one number on each scale that best describes how you feel:
1 (epigastric); 2 (right upper quadrant); 3 (umbilical); 4 (other)

1
2

4
3

1. Please answer the pain of epigastric area by circling on number of the scale.

0
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No pain
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more pain pain
of pain
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2. Please answer the pain of right upper quadrant area by circling on number of the scale.
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3. Please answer the pain of umbilical area by circling on number of the scale.
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4. Please answer the pain of other areas by circling on number of the scale.
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Fig. 2. Postoperative pain questionnaire
consisting of four areas (English version).

171

Pain, Cosmesis, Workload Outcome of SIRC

1. Are you less satisfied with your body since the operation?
1=no, not at all
2=a little bit
3=quite a bit
4=yes, extremely
2. Do you think the operation has damaged your body?
1=no, not at all
2=a little bit
3=quite a bit
4=yes, extremely
3. Do you feel less attractive as a result of your operation?
1=no, not at all
2=a little bit
3=quite a bit
4=yes, extremely
4. Do you feel less feminine/masculine as a result of your operation?
1=no, not at all
2=a little bit
3=quite a bit
4=yes, extremely
5. Is it difficult to look at yourself naked?
1=no, not at all
2=a little bit
3=quite a bit
4=yes, extremely
6. On a scale from 1 to 7, how satisfied are you with your scar?
1=very unsatisfied
2=quite unsatisfied
3=a bit unsatisfied
4=not unsatisfied/no satisfied
5=a bit satisfied
6=quite satisfied
7=very satisfied
7. On a scale from 1 to 7, how would you describe your scar?
1=revolting
2=quite revolting
3=a bit revolting
4=not revolting/not beautiful
5=a bit beautiful
6=quite beautiful
7=very beautiful
8. Could you score your own scar on a scale from 1 to 10?

Fig. 3. Body image questionnaire consisting of a body image score (items
1~5) and a cosmetic score (items 6~8).

Body image and cosmetic evaluation
Postoperative body image and cosmetic conditions were
evaluated using a questionnaire survey at the outpatient visit
2 weeks after surgery (Fig. 3). The questionnaire consisted of
questions investigating the attitude of patients toward their
body appearance (body image scale items 1~5) and their degree of satisfaction with the appearance of the scar (cosmesis
scale items 6~8).11 The body image scale consisted of five
questions that could result in a total score ranging from 5 to
20. A lower score indicated greater satisfaction on the body
image scale. The cosmetic scale consisted of three questions,
which resulted in a total score ranging from 3 to 24. A higher
score indicated greater satisfaction on the cosmetic scale.

Surgeon’s workload evaluation
The surgeon’s workload was evaluated using a questionnaire
survey after each operation. Workload was measured using
the National Aeronautics and Space Administration Task Load
Index (NASA-TLX) score. The survey consists of an overall
index of mental workload and the relative contributions of six
subscales: mental, physical, and temporal task demands plus
effort, frustration, and perceived performance.12 Many previous studies have used this scale to estimate the effect of procedures on the surgeon’s workload.13-15

Statistical analysis
All statistical analyses were performed with SPSS version 21.0 (SPSS Inc., Chicago, IL, USA). Nominal data were
compared with the χ2 test. Continuous data were expressed as
means±SDs and compared with one-way analysis of variance
test. Values of p<0.05 were considered to indicate statistical
significance.

RESULTS
Demographic and operative outcomes and medical
cost
Among the 134 patients (45 men, 89 women; mean age 49.1
±11.7 years) who underwent cholecystectomy, 55 patients underwent SIRC, 29 underwent SILC, and 50 underwent 3PLC.
The patients’ demographics are summarized in Table 1. Patients in the 3PLC group were significantly older than those in
the other two groups (SIRC vs. SILC vs. 3PLC: 48.1±8.5 vs.
42.2±11.7 vs. 54.1±12.9 years, p<0.001). There were no other
significant differences in the demographics.
Operative outcomes are summarized in Table 2. Operative
time was significantly shorter in the 3PLC group than in the
other groups (SIRC vs. SILC vs. 3PLC: 44.1±13.9 vs. 38.8±
13.3 vs. 25.4±10.6 min, p<0.001). There were no significant
differences among the groups for the EBL (8.8±23.2 vs. 12.1±
20.6 vs. 16.5±34.8 ml, p=0.366) or postoperative complications
(0% vs. 0% vs. 2.0%, p=0.429). Postoperative hospital stay also
did not differ among the groups (1.1±0.2 vs. 1.1±0.3 vs. 1.2±
0.4 days, p=0.200). Mean total medical cost during the hospital
stay were significantly higher in the SIRC group compared
with that in laparoscopic groups (5,542.5±435.0 vs 3,031.3±
308.0 vs 3,038.1±471.6 US dollars, p=0.006).

Postoperative pain outcomes
Postoperative pain outcomes are summarized in Table 3.
www.e-jmis.org
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Table 1. Patients' demographics for the SIRC, SILC, and 3PLC groups
Parameter
Age (years)

SIRC (n=55)

SILC (n=29)

3PLC (n=50)

p

48.1±8.5

42.2±11.7

54.1±12.9

<0.001*

Sex

0.630

Male
Female
2

BMI (kg/m )

18 (32.7%)

8 (27.6%)

19 (38.0%)

37 (67.3%)

21 (72.4%)

31 (62.0%)

23.7±3.0

23.7±2.9

23.5±3.5

0.957

Diagnosis (%)
Stone

33 (60.0%)

19 (65.5%)

36 (72.0%)

0.433

Polyp

21 (38.2%)

8 (27.6%)

13 (26.0%)

0.359

Adenomyomatosis

5 (9.1%)

6 (20.7%)

2 (4.0%)

0.053

Cholecystitis

1 (1.8%)

3 (10.3%)

5 (10.0%)

0.167

22 (40.0%)

13 (44.8%)

22 (44.0%)

0.882

WBC (×103/L)

6.1±1.6

6.7±1.9

5.9±1.5

0.084

Albumin (g/dL)

4.4±0.3

4.3±0.3

4.3±0.3

0.130

Total bilirubin (mg/dL)

0.7±0.3

0.6±0.2

0.6±0.3

0.475

CRP (mg/dL)

0.8±1.8

0.3±0.6

0.5±1.7

0.768

Follow-up (days)

122.3±30.8

111.3±31.1

124.7±35.6

0.330

Symptomatic
Preoperative laboratory tests

Results are given as the mean±SD or the number (%). SIRC = single-incision robotic cholecystectomy; SILC = single-incision laparoscopic cholecystectomy; 3PLC = three-port laparoscopic cholecystectomy; BMI = body mass index; WBC = white blood cell count; CRP = C-reactive protein. *Statistically
significant.
Table 2. Operative and postoperative outcomes for the SIRC, SILC, and 3PLC groups
Outcomes
Operation time (min)
EBL (ml)
Complications (no.)
Medical cost ($)

SILC (n=29)

3PLC (n=50)

44.1±13.9

38.8±13.3

25.4±10.6

<0.001*

8.8±23.2

12.1±20.6

16.5±34.8

0.366

1 (2.0%)

0.429

0

Postoperative stay (days)

p

SIRC (n=55)

1.1±0.2
5,542.5±435.0

0
1.1±0.3
3,031.3±308.0

1.2±0.4
3,038.1±471.6

0.200
0.006*

Results are given as the mean±SD or the number (%). SIRC = single-incision robotic cholecystectomy; SILC = single-incision laparoscopic cholecystectomy; 3PLC = 3-port laparoscopic cholecystectomy; SD = standard deviation; EBL = estimated blood loss; $ = US dollars. *Statistically significant.
The proportion of patients who required intravenous analgesics was significantly lower in the 3PLC group than in the
other two groups (SIRC vs. SILC vs. 3PLC: 98.2% vs. 100.0%
vs. 84.0%, p=0.004). There was no significant difference in the
NRS scores on the day of the operation and POD 1 among the
groups (5.3±1.1 vs. 5.4±1.2 vs. 5.2±1.1, p=0.735; 3.8±0.9 vs. 3.7
±0.9 vs. 3.9±0.9 p=0.591, respectively).
In all, 26 patients in the SIRC group, 20 in the SILC group,
and 50 in the 3PLC group answered the questionnaire at the
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outpatient clinic 2 weeks after surgery (Table 3). None of the
VAS scores differed among the groups (SIRC vs. SILC vs.
3PLC: 1.5±1.5 vs. 1.6±1.5 vs. 1.0±1.1, p=0.374).

Body image and cosmetic outcomes
The outcomes regarding body image and cosmesis are summarized in Table 3. The body image score did not differ significantly among groups, but the total score in the 3PLC group
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Table 3. Postoperative pain, body image, and cosmetic outcomes for the SIRC, SILC, and 3PLC groups
SIRC (n=55)

SILC (n=29)

3PLC (n=50)

p

Postoperative pain control

54 (98.2%)

29 (100.0%)

42 (84.0%)

0.004*

No. of analgesic injections

2.2±1.2

2.3±0.9

1.7±1.1

0.028*

5.3±1.1

5.4±1.2

5.2±1.1

0.735

3.8±0.9

3.7±0.9

3.9±0.9

0.591

Overall pain

1.9±2.1

1.3±1.3

2.1±2.2

0.260

Epigastric area pain

1.3±1.9

0.7±1.5

1.3±1.6

0.349

Umbilical area pain

1.1±1.6

1.2±1.9

1.5±1.6

0.539

Right upper quadrant pain

2.5±2.1

1.7±1.4

2.0±2.3

0.455

Other sites pain

0.7±1.5

0.4±1.0

0.4±0.8

0.489

1.5±1.5

1.0±1.1

1.6±1.5

0.374

6.5±1.4

6.5±1.5

7.4±2.8

0.144

17.5±3.5

18.4±3.3

13.3±2.9

<0.001*

Outcomes

NRS scores
Day of operation
POD 1
a

VAS scores at 2 weeks

Mean
a,b

Body image score
a,c

Cosmetic score

Results are given as the mean±SD or the number (%). SIRC = single-incision robotic cholecystectomy; SILC = single-incision laparoscopic cholecystectomy; 3PLC = three-port laparoscopic cholecystectomy; NRS = numeric rating scale; POD = postoperative day; VAS = visual analogue scale. aAltogether,
26 patients in the SIRC group, 20 in the SILC group, and 50 in the 3PLC group answered the questionnaire. bLower score indicates greater satisfaction in
the body image scale. cHigher score indicates greater satisfaction in the cosmetic scale. *Statistically significant.
Table 4. NASA-TLX scores for the SIRC, SILC, and 3PLC groups
SIRC (n=55)

SILC (n=29)

3PLC (n=50)

p

Mental demand

3.9±2.0

7.7±4.5

4.2±2.0

<0.001*

Physical demand

3.4±1.7

7.2±4.1

4.0±1.8

<0.001*

Temporal demand

3.9±2.1

9.2±5.6

4.4±2.2

<0.001*

Performance

3.3±2.0

4.3±2.7

3.7±1.8

0.110

Effort

3.8±2.0

8.3±4.7

4.7±2.2

<0.001*

Frustration

3.6±1.9

7.8±5.4

4.2±2.3

0.001*

21.9±11.1

44.5±23.5

25.2±11.6

NASA-TLX subscales

Total

<0.001*

Results are given as the mean±SD. NASA-TLX = NASA Task Load Index; SIRC = single-incision robotic cholecystectomy; SILC = single-incision laparoscopic cholecystectomy; 3PLC = three-port laparoscopic cholecystectomy. *Statistically significant.
tended to indicate a poorer outcome (SIRC vs. SILC vs. 3PLC:
6.5±1.4 vs. 6.5±1.5 vs. 7.4±2.8, p=0.144). The cosmetic score
was better in the SIRC and SILC groups than that for the
3PLC group (17.5±3.5 vs. 18.4±3.3 vs. 13.3±2.9, p<0.001).

than the SIRC and 3PLC groups (SIRC vs. SILC vs. 3PLC:
21.9±11.1 vs. 44.3±22.5 vs. 25.2±11.6, p<0.001). When the six
subscales were analyzed separately, all subscales except item 4
were significantly higher in the SILC group.

Workload for surgeon

DISCUSSION

Workloads for the surgeons are summarized in Table 4. The
SILC group showed significantly poorer NASA-TLX scores

Laparoscopic cholecystectomy has become the gold standard operation for treating benign gallbladder disease. Re-
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cently, however, with the advances in equipment and surgical
techniques, the use of single-incision surgery (including the
SILC and SIRC) is increasing.
This study evaluated the operative outcomes—postoperative
pain, body image, and cosmesis (patient outcomes) and workload for the surgeon—among SIRC, SILC, and 3PLC groups.
We found that SIRC showed comparable operative outcomes,
similar postoperative pain, better body image, and cosmetic
outcome when compared with the 3PLC group, and a superior
surgeon’s workload outcome compared with the SILC group.
The reason for the longer operative time for SIRC group
than for 3PLC was thought to be due to the time required for
robot-docking, although most operations in the SIRC group
were completed within an hour. Moreover, there was no difference in other operative outcomes (e.g., EBL, immediately
postoperative complications, long-term postoperative complications as evidenced on sonographic follow-up examinations
at 3 months). Similar to the present results, previous studies
demonstrated the safety and feasibility of SIRC compared with
SILC or 3PLC.16-18 Although it was difficult to obtain a critical
view of safety (CVS) in some SILC cases because of limitation
of cross movement of instruments, the CVS was obtained in
all the cases and then the surgery was proceeded.
Total medical cost was significantly higher in the SIRC
group than in other two groups. Previous studies also reported
that robotic cholecystectomy required more medical cost than
laparoscopic cholecystectomy, and there may be differences in
the total medical cost among other countries.17,18 As mentioned
before, the costs of the routine preoperative examinations and
hospital fees are the same between robotic and laparoscopic
groups.9 Efforts will be needed to reduce the surgery-related
costs in SIRC through the development of various robotic systems and their competitions.
In the present study, the proportion of patients who needed
a medication to control postoperative pain and the number of
analgesic injections were significantly lower in the 3PLC group
than in the other two groups. The NRS scores on the day
of the operation and POD 1, however, did not differ among
the three groups, nor did the VAS scores at 2 weeks after the
surgery. Other previous studies reported debatable outcomes
regarding postoperative pain. Some studies reported that SIRC
or SILC was associated with less postoperative pain than 3PLC
or four-port laparoscopic cholecystectomy (4PLC).18-20 Contrary
to these results, however, other studies reported that 3PLC and
4PLC each produced better postoperative pain outcomes than
SIRC or SILC because of the larger umbilical fascial incision
and movements within that space and the greater pressure.21,22
The exact mechanism has not yet been established, and the
pain is subjective to the individual, making it difficult to compare among patients. Further studies are needed to compare
Journal of Minimally Invasive Surgery Vol. 21. No. 4, 2018
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the postoperative pain among the three groups.
One of the major strengths of SILS is its cosmetic advantage. Also, previous studies have shown better outcomes
with SILC than with conventional laparoscopic cholecystectomy.23-25 In the present study, SIRC and SILC tended to produce better body image scores than 3PLC and a significantly
higher cosmetic score than 3PLC. The completion rate for the
questionnaire was low in some groups, however, so further
studies with a higher questionnaire completion rate are needed
to strengthen these results. Moreover, comparison of longterm cosmetic outcomes such as 3 months or 1 year after the
operation is also necessary, regarding the healing process of
the wound. In any case, along with the increasing interest in
cosmesis, the demand for single-incision surgery is increasing,
with the expectation that it will gradually replace the conventional surgery.
To our knowledge, this is the first study to compare the
surgeon’s workload among SIRC, SILC, and 3PLC in a clinical
setting. SILC and SIRC showed similar operative and cosmetic
outcomes, but the complex movements within the confined
area using the single umbilical port cause surgeon fatigue. In
the present study, the surgeon’s workload associated with SILC
was significantly higher than that associated with SIRC or
3PLC. Although laparoscopic cholecystectomy is a relatively
simple operation in the field of abdominal operations, a high
workload could provoke a lower capacity for dealing with
unexpected events, resulting in performance errors.26 Previous studies demonstrated the surgeon’s workload according to
the NASA-TLX score. Abdelrahman et al., in addition to the
NASA-TLX score, showed increased heart rate and salivary
cortisol levels in the surgeons, indicating stress.27,28 SIRC overcomes these disadvantages of SILC because it allows more
ergonomic positioning, and it has swapping control of crossed
instruments, as described previously.9 To strengthen these results, future studies using the objective assessment such as the
change of physiologic parameters as well as the subject assessment will be required.
This study has some limitations. First, the sample size was
small, and the completion rate for the questionnaire on body
image and cosmesis was low. Therefore, a study with more
cases and a higher questionnaire completion rate is required
to strengthen our results. Second, the patients with acute
cholecystitis were excluded. For the additional comparison of
the safety of the procedures, further research including these
patients will be necessary. Third, trocar position, or the size
of trocar insertion sites would be the confounding factors in
terms of cosmetic or pain outcomes. Some studies revealed
that 3PLC with mini-instruments had better cosmetic and less
painful outcomes than the conventional 3PLC.29-32 However,
this bias would be minimized in the present study because all
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the patients in the 3PLC group underwent conventional 3PLC
with same-sized trocars. Finally, all the operations were performed by two highly qualified surgeons. Hence, further research is required to determine whether these results could be
generalized to less-qualified operators.
In conclusion, SIRC is more expensive, but more convenient
method for treating benign gallbladder diseases than either
SILC or 3PLC. It also showed superior cosmetic outcomes
compared with those achieved by 3PLC and a diminished surgeon’s workload compared with that obtained with SILC. Our
results thus appear to indicate that the use of SIRC will likely
increase in the near future.
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