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Abstract

Background The aim of this study was to compare the outcomes of single-site robotic cholecystectomy with multi-

port laparoscopic cholecystectomy within a high-volume tertiary health care center.

Methods A retrospective analysis of prospectively maintained data was conducted on patients undergoing single-site

robotic cholecystectomy or multi-port laparoscopic cholecystectomy between October 2011 and July 2014. A single

surgeon performed all the surgeries included in the study.

Results A total of 678 cholecystectomies were performed. Of these, 415 (61%) were single-site robotic cholecys-

tectomies and 263 (39%) were multi-port laparoscopic cholecystectomies. Laparoscopic patients had a greater mean

BMI (30.5 vs. 29.0 kg/m2; p = 0.008), were more likely to have undergone prior abdominal surgery (83.3 vs. 41.4%;

p\ 0.001) and had a higher incidence of preexisting comorbidities (76.1 vs. 67.2%; p = 0.014) as compared to the

robotic group. There was no statistical difference in the total operative time, rate of conversion to open procedure and

mean length of follow-up between the two groups. The mean length of hospital stay was shorter for patients within

the robotic group (1.9 vs. 2.4 days; p = 0.012). Single-site robotic cholecystectomy was associated with a higher rate

of wound infection (3.9 vs. 1.1%; p = 0.037) and incisional hernia (6.5 vs. 1.9%; p = 0.006).

Conclusion Multi-port laparoscopic cholecystectomy should remain the gold standard therapy for gallbladder dis-

ease. Single-site robotic cholecystectomy is an effective alternative procedure for uncomplicated benign gallbladder

disease in properly selected patients. This must be carefully balanced against a high rate of surgical site infection and

incisional hernia, and patients should be informed of these risks.

Introduction

When first introduced in 1985 as a viable replacement for

open cholecystectomy [1], multi-port laparoscopic chole-

cystectomy (LC) was met with questions of technical fea-

sibility and effectiveness. With improving skill set and

comfort of use by surgeons, the technique soon evolved to

become the gold standard for the treatment of symptomatic

gallbladder disease. Now those same questions and con-

cerns plague the introduction of a newer technology, sin-

gle-site robotic cholecystectomy (SSRC), the premise of
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which is to further improve upon the advantages of mini-

mally invasive surgery of the gallbladder [2].

While laparoscopic surgery can be done via a single

site, multiple problems including instrument clashing

within the port, reduced triangulation and poor surgical

ergonomics have negated its prevalent use in teaching

hospitals [3, 4]. SSRC offers a way to offset the limita-

tions of single-site laparoscopic cholecystectomy (SSLC)

by reducing tremor, restoring good hand–eye coordination

and the ability to perform very small movements [5–8],

while also maintaining the benefits of single-port opera-

tions which include improved cosmesis and quicker

healing times for the patient [9]. SSRC has also been

shown to decrease pain, blood loss, minimize scarring,

provide greater patient satisfaction, while allowing the

surgeon to work in a more ergonomically advantageous

workstation [10].

Very few studies have looked at the perioperative and

postoperative outcomes of this procedure in comparison

with the LC. In addition, even fewer studies have looked at

long-term postoperative outcomes of patients undergoing

these procedures or have small sample sizes. Our study

aims to investigate the outcomes of SSRC as compared to

LC, all evaluated through a single surgeon’s experience at

a high-volume tertiary health care center.

Patients and methods

A retrospective analysis of a prospectively maintained data

at a tertiary care center was performed on cases performed

between October 2011 and July 2014. All cases undergoing

SSRC or LC for symptomatic gallbladder disease were

included. Open cholecystectomies, cholecystectomies ter-

minated for anesthesia complications, and patients who

underwent surgery simultaneously for other indications

(i.e., appendicitis) were excluded from this study. Data

collected include patient demographics [age, gender, body

mass index (BMI)], necessity of surgery (elective vs.

urgent), preoperative diagnosis, American Society of

Anesthesiologists (ASA) classification and any history of

prior abdominal surgeries. A comprehensive list of all

operative data including intraoperative complications (i.e.,

bile duct injury or spillage), conversion rate to laparoscopic

or open surgery, requirement for the utilization of addi-

tional ports, total surgery time (incision to skin closure),

robotic console time and docking time was also docu-

mented. Finally, postoperative information including

length of stay, follow-up, visits to the emergency depart-

ment (ED) within 30 days, any immediate postoperative

complications as defined as those recognized within

30 days, and long-term complications were recorded.

Fig. 1 Single-site robotic cholecystectomy. a Multichannel single port with assistant port (green) in the middle. b Showing fascial defect.

c Surgeon sitting on the console and performing the operation. d Wound after skin closure
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Postoperative complications included wound infection,

incisional hernia, seroma formation, clear leakage, etc.

Abdominal pain was defined as any complaint of continued

pain that had not improved at the follow-up visit as doc-

umented by the primary surgeon in the EMR.

Surgical technique

Single-site robotic cholecystectomy

A 2-cm incision was made at the umbilicus followed by a

2-cm incision within the fascia. A multichannel silicon port

was placed at the umbilicus. Pneumoperitoneum was

established up to 14 mmHg. A diagnostic laparoscopy was

performed. The robot was then docked starting with the

camera port in the middle followed by 2 working arms 1

and 2 on the sides of the camera port through the same

silicon port. Dissection was then carried out in Calot’s

triangle, and after obtaining, the critical view of safety the

cystic artery and cystic duct was identified, clipped and

divided. The gallbladder was then dissected from the

gallbladder fossa by electrocautery. The gallbladder was

then removed through the umbilical site using a specimen

retrieval bag. The fascia of the umbilical site was then

closed with 0-Vicryl suture in an interrupted figure of eight

fashion. The skin was closed with a 4-0 Monocryl suture in

a sub-cuticular fashion (Fig. 1).

Multi-port laparoscopic cholecystectomy (4 ports

were used)

A 5-mm incision was made at the umbilicus, and pneu-

moperitoneum was established using a Veress needle. A

5-mm trocar was then placed using a Visiport, and diag-

nostic laparoscopy was performed. An 11-mm port was

then placed at the sub-xiphoid region followed by two

more 5 mm ports: one at the subcostal region and another

in the anterior axillary line, in line with the umbilicus for

retraction. Steps of dissection of Calot’s triangle were the

same as in robotic surgery. Specimen was then removed

from the sub-xiphoid port in a specimen retrieval bag.

Umbilical and sub-xiphoid ports were closed with size

1-Vicryl suture in a figure of eight fashion (Fig. 2).

Statistical analysis

All results were analyzed using SPSS software, version

23.0. The Chi-square test or Fisher’s exact test was

employed to compare both single-site robotic cholecys-

tectomy and multi-port laparoscopic cholecystectomy

groups for categorical data, while Student’s t test was used

Fig. 2 Multi-port laparoscopic cholecystectomy. a Induction of pneumoperitoneum with Veress needle. b Standard four ports used. c Incision of

the fascia for entry into the abdomen. d Wound after skin closure of all four ports
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to compare continuous data. A p value of 0.05 was estab-

lished as clinical significance.

Results

A total of 678 cholecystectomies were performed between

October 2011 and July 2014, of which, 415 (61%) were

SSRC and 263 (39%) were LC (Table 1). All were per-

formed for symptomatic gallbladder disease. The age range

of all patients was 16–100, but there was no difference in

the mean age seen between the two groups (54.1 vs.

55.8 years; p = NS). Both groups showed a higher per-

centage of females than males; however, this distinction

was statistically different in the SSRC group (p = 0.004).

LC patients had a greater mean BMI (30.5 vs. 29.0 kg/m2;

p = 0.008) and were more likely to have undergone prior

abdominal surgery (83.3 vs. 41.4%; p\ 0.001). There was

no statistical difference in the American Society of Anes-

thesiologists (ASA) classification between the two groups

(Table 1).

Overall, the percentage of patients with preexisting

comorbidities was higher in the LC group (76.1 vs. 67.2%;

p = 0.014). Further analysis revealed only coronary artery

disease (9.1 vs. 4.9%; p = 0.027) and chronic obstructive

pulmonary disease (3.8 vs. 1.5%; p = 0.049) to be statis-

tically significant between the two groups. Pathology of

biliary disease was also considered and investigated.

Patients with acute cholecystitis were more likely to have

undergone LC as compared to SSRC (36.9 vs. 18.3%;

p = 0.001); however, this was based on intraoperative

evaluation and postoperative pathology results and was not

used in the decision-making process regarding which pro-

cedure each individual patient should undergo (Table 1).

The total operative times between the two groups did

not vary significantly. The mean console time was 57 min,

Table 1 Preoperative data

Characteristicsa All cholecystectomiesb,c

(n = 678)

Single-site robotic

(n = 415)

Multi-port laparoscopicc

(n = 263)

p value

Age, mean (SD) [range] 54.8 (±18.6) [16.9–100.1] 54.1 (±18.7) [18.0–100.1] 55.8 (±18.4) [16.9–94.5] 0.234

Gender (%) 0.004

Male 209 (30.8) 111 (26.7) 98 (37.3)

Female 469 (69.2) 304 (73.3) 165 (62.7)

BMI (kg/m2), mean (SD)

[range]

29.6 (±6.9) [13.7–61.7] 29.0 (±6.1) [13.7–53.3] 30.5 (±7.8) [17.0–61.7] 0.008

ASA classification % 0.298

I 21.0 21.5 20.4 0.815

II 51.9 54.8 47.8 0.151

III 25.1 21.8 29.6 0.076

V 2.0 1.9 2.2 1.000

Comorbidities (%) 479 (70.6) 279 (67.2) 200 (76.1) 0.014

Hypertension 256 (37.8) 146 (35.2) 110 (41.8) 0.082

Hyperlipidemia 162 (23.4) 100 (24.1) 62 (23.6) 0.877

Diabetes mellitus 112 (16.5) 61 (14.9) 51 (19.4) 0.109

GERD 82 (12.1) 47 (11.3) 35 (13.3) 0.440

Hypothyroidism 54 (8.0) 35 (8.4) 19 (7.2) 0.571

Coronary artery disease 44 (6.5) 20 (4.9) 24 (9.1) 0.027

Asthma 27 (4.0) 20 (4.9) 7 (2.7) 0.162

COPD 16 (2.4) 6 (1.5) 10 (3.8) 0.049

Previous abdominal surgery

(%)

391 (57.7) 172 (41.4) 219 (83.3) \0.001

Diagnosis (%) \0.001

Acute cholecystitis 173 (25.5) 76 (18.3) 97 (36.9)

Chronic cholecystitis 505 (74.5) 339 (81.7) 166 (63.1)

a Any missing data were not included in the calculations
b Not including 13 cases elected to proceed as open cholecystectomy prior to surgery
c Not including 1 case because patient could not tolerate anesthesia, and procedure was terminated before beginning
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and the mean docking time was 6.8 min (Table 2). Esti-

mated blood loss was reported as negligible in all cases

with no cases requiring any blood transfusions. No intra-

operative complications were reported. Twenty-five (6.1%)

procedures in the SSRC group had to be converted for

completion with twelve (2.9%) being converted to LC and

thirteen (3.2%) converted to open procedures. The total

rate of LC conversion or open conversion between the two

groups was not statistically significant (6.1 vs. 4.9%;

p = 0.551) (Table 2). Reasons for conversion included but

were not limited to, body habitus limiting the use of robotic

instrument length, adhesions, inability to define anatomy or

achieve critical view, lack of plane or area for traction,

inability to identify the gallbladder, inadequate visualiza-

tion of vascular structures, or a general concern for patient

safety as deemed necessary by the surgeon.

Table 3 highlights the postoperative data from the two

procedures. Mean length of follow-up was 2.5 months in

the SSRC group and 3.3 months in the LC group

(p = 0.12). Two cases of postoperative bile leak within the

laparoscopic group and one in the robotic group were seen

at follow-up. All cases were managed by ERCP and

stenting. The average length of stay following the proce-

dure was lower for patients undergoing SSRC (1.9 vs.

2.4 days; p = 0.012). Neither the frequency of 30-day

postoperative visits to the emergency room or readmission

rates in this time period varied significantly within the two

groups. Major postoperative complications documented

during follow-up at the surgeon’s office or at the tertiary

care center in the short term included abdominal pain, post-

op ileus, urinary retention, wound infection/non-infectious

complications, non-purulent or clear wound discharge,

seroma formation, or bile leakages. Abdominal pain (8.4

vs. 4.2%; p = 0.032) and wound infections (3.9 vs. 1.1%;

p = 0.037) were seen more commonly in SSRC group,

while all others showed no significant differences. At the

time of last follow-up, the rate of incisional hernias was

higher in SSRC group as compared to LC group (6.5 vs

1.9%; p = 0.006).

Discussion

Gallbladder disease continues to be one of the most com-

mon medical problems leading to surgical intervention

[11]. With over 0.5 million new cholecystectomies being

performed within the US each year [11], gallbladder dis-

orders have often been an ideal arena to test and compare

new and innovative surgical techniques with current rou-

tine practices. All procedures included within this study

period were performed by a single experienced surgeon.

Significant differences were noted in patient character-

istics prior to undergoing their respective procedures. Both

groups comprised of older adults, but the single-site robotic

group did have a higher percentage of females. Reasons for

this could be attributed to the better aesthetic appeal the

robotic platform offers in terms of postoperative cosmesis

compared to multi-port laparoscopic cholecystectomy [9].

Patients undergoing LC also typically had a higher BMI,

which was not surprising as one of the reasons cited by the

Table 2 Perioperative data

Characteristicsa All cholecystectomiesb,c

(n = 678)

Single-site robotic

(n = 415)

Multi-port laparoscopicc

(n = 263)

p value

Total operative time (min), mean (SD)

[range]

90.7 (±29.5) [36–265] 89.4 (±27.8) [36–265] 92.6 (±31.9) [41–257] 0.169

Robotic (console) time (min), mean (SD)

[range]

57 (±14.7) [23–155] 57 (±14.7) [23–155] –

Docking time (min), mean (SD) [range] 6.8 (±5.2) [0–55] 6.8 (±5.2) [0–55] –

Mean estimated blood loss Minimal Minimal Minimal

Use of intraoperative cholangiogram (%) 1 0 1

Use of additional ports (%)d 2 0 2

Intraoperative complications (bile duct

injury/spillage)

0 0 0

Conversion (%) 38 (5.6) 25 (6.1) 13 (4.9) 0.551

To laparoscopic procedure 12 (1.8) 12 (2.9) –

To open procedure 26 (3.8) 13 (3.2) 13 (4.9) 0.232

a Any missing data were not included in the calculations
b Not including 13 cases elected to proceed as open cholecystectomy prior to surgery
c Not including 1 case because patient could not tolerate anesthesia, and procedure was terminated before beginning
d Not including cases where multiple ports were decided upon before beginning procedures
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surgeon for conversions or the use of additional ports was

due to the patient’s body habitus and the limitation of the

robotic instruments. Since ASA classification as a stand-

alone has been shown as insufficient evidence to describe

the physical condition of patients [12] and has a high

degree of variability between observers [13–16], we further

investigated specific comorbidities in both groups. This

sub-analysis showed that a greater percentage of patients

within the LC group had preexisting conditions and that

both coronary artery disease and chronic obstructive pul-

monary disease were significantly more common than

within the SSRC group. Factors that have at times included

morbid obesity, previous abdominal surgery, acute chole-

cystitis and a history of severe pulmonary or cardiac dis-

eases were once considered relative contraindications to

laparoscopic procedures [17–20].

The total operative time did not vary significantly

between the two groups. Though we did not specifically

compare pure surgical dissection times, the average con-

sole time was 57 min, in line with the high degree of

precision achieved in tissue dissection with the robotic

platform. This is quite comparable to a study recently

published where console time was 52.8 min [21]. The

conversion rates in our series are similar to reported con-

version rates for LC [22, 23].

While a prior comparative study did not show any sta-

tistically significant difference in the length of

postoperative stay [21], our study showed an increased

length of stay in the LC group, explained by the presence

of more emergent cases and patients with more comor-

bidities in this group. In our series, abdominal pain was

more frequently reported in SSRC group which is in sharp

contrast to some studies comparing single-port procedures

to multi-port procedures [24–27]. Another study has actu-

ally shown increased postoperative pain following single-

incision laparoscopic cholecystectomy when compared to

multi-port laparoscopic cholecystectomy [28]. It is rea-

sonable to assume that the larger incision, continuous

movements of instruments within a confined space and

higher pressure around the umbilical port may contribute to

the increased intensity of postoperative pain in the SSRC

group. Since postoperative pain after LC is already mini-

mal and no objective pain measuring scale was used in our

study, a potential reporting bias in the SSRC group can also

not be excluded. While pain can often be a subjective

measure [29], all patients in this study were discharged on

a standard medication regimen for pain similar to that used

in other settings from other studies.

Another finding of significance was the incidence of

wound infections. Since operative characteristics were

controlled with the same surgeon having performed the

procedures in both groups, other risk factors for wound

infection were examined including diabetes, cigarette

smoking, obesity, or patient colonization [12]. None of

Table 3 Postoperative data

Characteristicsa All cholecystectomiesb,c

(n = 678)

Single-site robotic

(n = 415)

Multi-port laparoscopicc

(n = 263)

p value

Length of stay (days), mean (SD)

[range]

2.1 (±2.8) [0.2–33] 1.9 (±3.1) [0.24–33] 2.4 (±2.3) [0.2–13.2] 0.012

30-day post-op visits to ER (%) 52 (7.7) 38 (9.2) 14 (5.3) 0.068

Readmission (%) 17 (2.5) 13 (3.1) 4 (1.5) 0.191

Immediate post-op complications

Abdominal pain (%) 46 (6.8) 35 (8.4) 11 (4.2) 0.032

Post-op ileus (%) 6 (0.9) 4 (1.0) 2 (0.8) 1.000

Urinary retention (%) 5 (0.7) 4 (1.0) 1 (0.4) 0.654

Wound infection (%) 19 (2.8) 16 (3.9) 3 (1.1) 0.037

Wound discharge (%) 11 (1.6) 7 (1.7) 4 (1.5) 0.868

Granuloma formation (%) 5 (0.7) 3 (0.7) 2 (0.8) 1.000

Seroma formation 3 (0.4) 3 (0.7) 0 (0) 0.287

Bile leakage 3 (0.4) 1 (0.2) 2 (0.8) 0.563

Delayed post-op complications

Umbilical incisional hernias (%) 32 (4.7) 27 (6.5) 5 (1.9) 0.006

Follow-up (months), mean (SD)

[range]

2.8 (±6.1) [0.1–44.0] 2.5 (±5.1) [0.16–35.77] 3.3 (±7.5) [0.1–44.0] 0.12

a Any missing data were not included in the calculations
b Not including 13 cases elected to proceed as open cholecystectomy prior to surgery
c Not including 1 case because patient could not tolerate anesthesia, and procedure was terminated before beginning
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these factors were found to be significant. Furthermore,

among patients diagnosed with wound infections, no dif-

ferences were seen in the mean BMI between the robotic or

laparoscopic groups.

Finally, the most significant finding of this study was a

high rate of incisional hernia in the SSRC group. Twenty-

seven patients (6.5%) were diagnosed with umbilical

incisional hernias after having undergone SSRC as opposed

to five patients (1.9%) in the LC group. The surgical

technique and suture used for port site closure were similar

in all cases. On subgroup analysis, the rate of incisional

hernia did not vary significantly between the first hundred,

second hundred, third hundred and subsequent remaining

cases (7, 7, 6, 7; p = 0.984). This would suggest that the

learning curve and surgical technique were likely not the

cause of incisional hernia. No statistically significant dif-

ferences were seen in the mean BMI of patients diagnosed

with hernia after undergoing robotic or laparoscopic pro-

cedures. Of the five hernia cases found within the laparo-

scopic group, one patient had undergone 4 abdominal

surgical procedures prior to their laparoscopic cholecys-

tectomy; another patient had a previous history of multiple

ventral hernia repairs prior to their laparoscopic cholecys-

tectomy; another patient was a case that had been con-

verted to open procedure; and finally another one of the

patients had undergone colon resection for myxoma of the

appendix, which had been completed robotically via single-

incision prior to the laparoscopic cholecystectomy. This

then leaves only one patient (0.4%) who had been diag-

nosed with incisional hernia postoperation, where the

procedure was the likely cause of the defect. While all

hernias diagnosed within the robotic group were hernias

occurring within the umbilicus, excluding cases with any

form of previous abdominal surgery (even those not

including the umbilicus in the surgical field, i.e., Pfan-

nenstiel incision), the data still reflects a greater incidence

of hernia in the SSRC group than in LC arm (2.9 vs. 0.4%;

p = 0.020).

Previous studies looking at SSLC versus LC have

reported higher rates of surgical site infection (4.0 vs.

1.6%) and incisional hernia (2.2–5.8 vs. 0.3–1.8%) in the

SSLC group [30–34]. The higher rate of incisional hernia

in SSLC has been ascribed to local ischemia induced by

placement of a single large port or multiple ports at a single

site, which could potentially weaken the fascia [30]. Sim-

ilarly, potential ischemia combined with the fact that the

fascial incision for SSRC represents a 400% increase in the

length of incision as compared to LC (20 vs. 5 mm) could

contribute to the higher incidence of wound infection and

subsequent incisional hernia following SSRC.

The major limitation of this study is the fact it was

nonrandomized and retrospective in nature. The preopera-

tive data were also not exactly comparable between the two

groups with BMI, comorbidities, prior abdominal surgery,

and more urgent cases being skewed in a manner producing

more unfavorable cases within the LC group.

Decreased incisional hernia and wound infection inci-

dence make it seem that LC should continue to remain the

gold standard for treating gallbladder disease. If balanced

against the higher rate of postoperative complications,

SSRC is an effective alternative in uncomplicated benign

gallbladder disease.
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