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Abstract. — OBJECTIVE: Minimally invasive
techniques are the gold standard in surgery.
Since conventional laparoscopic approach has
been widely adopted, surgeons in their effort
to further improve their skills passed to the
era of the robotic assistance. The widespread
adoption of robotics has led to the inevitable
usage of robotic technology both in simple, as
well as in more complicated procedures. Chole-
cystectomy is the “simple” surgical procedure
to which every surgeon from the beginning of
his career and besides specialization or sub-
specialization is exposed to, but the complica-
tions have a dramatic impact both for patient
and doctor. The elimination of bile duct injury
is crucial and robotics in the new era of surgery
has to be the gold standard to a safe cholecys-
tectomy.

MATERIALS AND METHODS: A comprehen-
sive search of PubMed Database was conduct-
ed for English-language studies using the MeSH
terms [Robotic cholecystectomy, bile duct inju-
ryl. We reviewed references of all reports for ad-
ditional cases from 2000 to nowadays. We used
the related articles link and searched the cita-
tions of reports in the ISI Science Citation Index
to identify additional reports.

RESULTS: A total of 16 studies, including
2.264 patients that underwent robotic cholecys-
tectomy were analyzed. Postoperative data and
complications were collected from these stud-
ies. Bile duct injuries were more likely to be dis-
covered during the first postoperative days as
a bile leakage (8/2.264). One major bile duct in-
jury was noticed, and most injuries were defin-
itively treated at the hospital where the injury
occurred with postoperative endoscopic retro-
grade cholangiopancreatography (ERCP) and
stenting.

CONCLUSIONS: Robotic cholecystectomy is
a safe and adequate alternative to conventional
laparoscopic or open approach in term of safe-
ty. Furthermore, surgeons must be already ex-

perienced and familiar with robotic techniques,
so as to overcome the problem of the bile duct
injury.
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Introduction

Minimal invasive surgery for symptomatic
cholelithiasis has been proved superior in posto-
perative outcomes compared with open surgery
and is the gold standard for surgical treatment of
gallbladder diseases'?. Studies from all over the
world suggest that robotic surgery can reduce
postoperative pain and recovery time, reduce the
need for postoperative analgesia and allow a more
rapid return to normal activities®. Furthermore,
it has been suggested that robotic surgery has
several advantages when compared to standard
laparoscopic surgery. Optics, ergonomics, a hi-
gher degree of precision in surgeon’s hand, are all
enhanced with the use of a robotic platform*. The
application of robotics has eliminated many of the
constraints experienced with conventional lapa-
roscopic or open techniques, however challenge
still remains®. Surgeons in the modern era have to
eliminate the complications and cholecystectomy
remains the ultimate challenge. As a matter of
fact, a bile duct injury in a routine procedure can
destroy the life of the patient or/and the surgeon’s
career.

The purpose of this study is to review all cases
of robotic cholecystectomy in the English literatu-
re and analyze its feasibility and safety regarding
the most dangerous complication which is bile
duct injury. In addition, this study was designed
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to better understand the relationship of the usage
of novel devices such as robotics for the identifi-
cation and management of bile duct injuries.

Methodology

A comprehensive search of PubMed Database
was conducted and the review covered a period
from 2000 to 2017. The keywords used indivi-
dually or in combination were: robotic cholecy-
stectomy, bile duct injury.

Inclusion and Exclusion Criteria

Studies with data for robotic cholecystectomy
were only assessed. These studies included te-
chnical notes, review articles, original articles,
case reports studies, and case-matched compari-
son studies. Duplicate publications and those not
written in English were excluded. For duplicate
publications, the latest and most complete stu-
dy was included. Laparoscopic procedures were
excluded. The number of patients was not an
exclusion criterion.

Results

Many studies have shown that iatrogenic bile
duct injury can present after robotic cholecystec-
tomy. Ayloo et al® in their study included 179 pa-
tients who underwent robotic cholecystectomy
(RC) consisted of 30 males (16.7%) and 149 females
(83.2%), with a mean age of 40.2 years with a mean
BMI of 32.9 kg/m?. Postoperative complications
occurred in 6 patients (3.3%). Of these patients, two
were readmitted to evaluate abdominal pain. One
patient referred right upper-quadrant pain and the
second had recurrent pancreatitis. Another patient
had a pancreatic pseudocyst diagnosed preoperati-
vely. This patient required endoscopic dilation of
cystogastrostomy due to cyst infection. Another
patient with bile leak was admitted for percutane-
ous drainage and endoscopic sphincterotomy, and
one patient had to undergo postoperative ERCP
to remove a common bile duct (CBD) stone. One
patient required readmission for urinary retention
and one patient was treated in the emergency room
for postoperative pain.

Bibi et al’ evaluated 102 patients undergoing
Single Site Robotic Cholecystectomy (SSRC).
The gender ratio was 2:1 (70% female vs. 30%
males). The mean age was 51 year (18-87) and
the mean BMI was 28.26. Elective cholecystec-
tomy was performed in 69%. Patients who un-
derwent cholecystectomy for acute cholecystitis

comprised 31%. In this study, 4% of the patients
developed postoperative complications. Postope-
ratively, two patients developed acute anemia. No
evident cause of bleeding was diagnosed and no
intervention of blood transfusion was required.
These patients underwent diagnostic computed
tomography (CT) scans and one also required ma-
gnetic resonance imaging (MRI) abdomen. Ileus
and hospital-acquired pneumonia occurred in two
patients. There were no intraoperative complica-
tions in any of the groups regarding any bile duct
injury or bile spillage due to accidental opening of
the gallbladder.

From October 2011 and July 2014, Balachan-
dran et al® included patients who underwent sin-
gle site robotic cholecystectomy or laparoscopic
cholecystectomy for symptomatic gallbladder di-
sease. One patient in the robotic group was seen
at follow-up with postoperative bile leak and was
successfully managed by ERCP and stenting.

Corcione et al’ studied 32 elective cases who were
scheduled to undergo robot-assisted laparoscopic
surgery in their hospital from March 2002 to July
2003. There were 19 men and 13 women with ages
ranging from 23 to 76 years. As it is reported in the
study there was no bile duct injury. There was only
a case of a patient with mild hemorrhage from the
cystic artery; for this reason, the operation was con-
verted to laparoscopic cholecystectomy due to dy-
sfunction of the robotic system.

From February 2011 to December 2011, Buchs
et al'* performed 44 operations for symptomatic
cholelithiasis. Among the 44 patients, 23 were in-
cluded in an experimental protocol, using the in-
docyanine green (ICG) for an intraoperative fluore-
scent cholangiography (52.3%) and the rest (47.7%)
underwent standard single site robotic cholecystec-
tomy without ICG. There was no conversion but
one intraoperative bleeding occurred in an obese
patient in the ICG group, requiring an additional
port for a bipolar forceps. Regarding postoperati-
ve complications, there was no difference between
both groups. Two patients in the ICG group were
evaluated for abdominal pain. They were succes-
sfully treated conservatively. One patient in the
standard group was readmitted for an incisional
hernia. None of the intraoperative or postoperative
complications included bile duct injury.

From December 2004 to February 2006, Brei-
tenstein et al'! followed 50 elective robotic proce-
dures and they report one postoperative bile leak
from the cystic duct stump in the robotic group
that was treated by endoscopic stenting of the
common bile duct.
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Braumann et al'? evaluating 16 robotic cho-
lecystectomies detected no major complication
postoperatively and the patients had a monthly
follow-up for 4 years.

Daskalaki et al”® performed 212 robotic cho-
lecystectomies with ICG fluorescent cholangio-
graphy in their center. They report 3 surgical
complications that included 1 perihepatic hema-
toma and 2 readmissions for perihepatic abscess
without evidence of bile leak. One of them was
treated with placement of a drain under radiologi-
cal guidance and one was treated conservatively.

Angus et al' performed 55 robotic cholecystec-
tomies. Post-operative complications included
two cases of urinary retention, one postoperati-
ve seroma in a trocar position, one postoperative
ileus, two cases of right upper quadrant muscu-
loskeletal pain, and one case of constipation. One
patient was found to have retained common bile
duct stones.

From 20 January 2012 to 4 May 2012, Buzad
et al'* performed 20 single site robotic cholecy-
stectomies cases. Two patients had remnant sto-
nes in the common bile duct and were readmitted
for postoperative ERCP. In one of these patients,
the stones resulted in a bile leak that resolved with
the ERCP.

Ayloo et al® reported 31 patients who un-
derwent robotic single site cholecystectomy at a
tertiary academic center by a single surgeon from
February 2012 to February 2013. According to
this report, two patients required placement of an
additional 5-mm trocar for a suction catheter in
the right mid abdomen. No cases required conver-
sion to open or to traditional multiport technique.

One patient had a superficial wound infection that
was treated with a course of oral antibiotics and
resolved without any further consequence. In the
short-term follow-up, there were no bile duct or
other injuries to the surrounding structures.

Chung et al”® performed 70 single site robotic
cholecystectomies (SSRC) from August 2013 to
January 2015 for symptomatic gallbladder dise-
ase. There were two 30-day readmissions in the
SSRC group, one for a retained stone requiring
ERCP and biliary stenting and the other for a
small hematoma that was conservatively treated.
No bile duct injury was reported.

From June 2010 to May 2014, Back et al'® repor-
ted 925 patients who underwent robotic cholecystec-
tomy on the bikini line. Surgical complications oc-
curred in nine of the 925 patients (0.1%), including
cystic duct leakage (n=4), bleeding (n=3), common
bile duct injury (n=1), and bladder injury (n=1).

Bonder et al' reported the first series of robotic
cholecystectomies from June to November 2001.
There was one patient who suffered from solitary
choledocholithiasis 29 months after robotic cho-
lecystectomy. Abdominal sonogram, clinical exa-
minations, and blood tests revealed no post-cho-
lecystectomy-specific pathological findings. They
report no bile duct injury in their study.

Pietrabissa et al'® conducted a prospective ob-
servational study on 100 consecutive da Vinci
single-site cholecystectomies. They mention two
patients that underwent conversion to a laparo-
scopic procedure. No bile duct injury is referred.

Konstantinidis et al' performed robotic cho-
lecystectomies in forty-five patients (22 women,
23 men) from March 2011 to July 2011. There

Table I. Studies including robotic single port cholecystectomy — Postoperative data.

Author Year No of patients Morbidity % Bile duct injury
Ayloo et al® 2014 179 3 1
Bibi et al’ 2015 102 4 -
Balachandran et al® 2017 415 17.6 1
Corcione et al’ 2005 32 3 -
Buchs et al'® 2013 44 6 -
Breitenstein et al'! 2008 50 2 1
Braumann et al'? 2008 16 - -
Daskalaki et al'? 2014 212 2 -
Buzad et al™* 2013 20 12 1
Ayloo et al® 2014 31 10 -
Chung et al'® 2015 70 3 -
Baek et al'® 2015 925 1.8 5
Bodner et al” 2005 23 0.1 -
Pietrabissa et al'® 2012 100 4 -
Konstantinidis et al”® 2012 45 12 -
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were no conversions to either conventional lapa-
roscopy or laparotomy. There were no major com-
plications apart from a single case of postoperati-
ve hemorrhage. They report no bile duct injury.

Discussion

Robotic cholecystectomy has emerged as a no-
vel technique that aims to reduce the postoperati-
ve pain and length of stay in hospital and in addi-
tion to increase manipulation of the surgeon and
diminish the postoperative complications. Fur-
ther advantages of robotic use include enhanced
3-dimensional view comparing to the two-dimen-
sional view in laparoscopic resections, as well as
the ease of handling different instruments. Deve-
lopment of single-site port robotic devices repre-
sents an evolution in medicine. Compared to the
standard LESS procedure, the robotic single port
may present several advantages such as increased
dexterity, range of motion, ergonomics, and de-
creased instrument clashing. All these technical
improvements have shortened the learning cur-
ve for these procedures. It is well known that the
robotic arm hand unit has 7 degrees of freedom
(DOF) that allows the hand to be precisely mani-
pulated in a 3-dimensional space.

Another advantage of robotic over laparosco-
pic technique is the integration of a novel near
infrared fluorescent vision system. That system
enables the surgeon to acquire an intraoperative
dynamic fluorescent cholangiography that could
substitute the classic X-ray cholangiography and
improve substantially the safety and efficacy of
the procedure (2).

Despite the revolution in medical technology,
bile duct injuries remain the most dreadful com-
plication after cholecystectomy. Bile duct injuries
are severe complications which may lead to bile
leaks, strictures, recurrent cholangitis, peritonitis,
secondary biliary cirrhosis, liver failure, and fi-
nally may result in death?’. Even if properly repai-
red, these patients require life-long follow-up and
their lives are affected from these complications.

This investigation shows that robotic cholecy-
stectomy is associated with fewer and less severe
bile duct injuries. Further, cholangiography per-
formed during surgery increases the likelihood of
intraoperative detection of bile duct injuries. This
study did not attempt to explain whether the per-
formance of cholangiography prevented bile duct
injury, because it focused on the cases in which an
injury occurred.

In addition, the size of each study was different
from all others and also the surgeon’s experience,
so the probable error of recollection is noticed.

The results of this review show that only 9 bile
duct injuries occurred and these injuries required
only postoperative ERCP and stenting for treat-
ment without biliary reconstruction to be referred.
The small sample might be insufficient to draw
conclusions, but given the nature of these injuries
we believe that it is evident that robotic cholecy-
stectomy can be proved a safe procedure. Nonethe-
less, it is likely that these data underestimate the
magnitude of the problem, because studies with
injuring bile ducts would be expected to be publi-
shed less frequently than those free of such injury.

The introduction of robotics to general surgery
provides a future perspective on how surgeons
develop new skills and improve the new techno-
logy. With the acquisition of robotics even more
precise surgery is possible, despite the expense of
the procedure.

Conclusions

Robotics may facilitate the most widespread
operation in surgery which is cholecystectomy,
overcoming the laparoscopic and open surgery li-
mitations. However, the available data still is not
enough and limit the drawing of safe conclusions
amongst surgeons. Further investigation is needed
and that will be accomplished when a greater num-
ber of robotic cholecystectomies will be achieved.

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

1) Ancus AA, SaHi SL, McIntosH BB. Learning curve
and early clinical outcomes for a robotic surgery
novice performing robotic single site cholecystec-
tomy. Int J Med Robot 2014; 10: 203-207.

2) AnGELou A, SkaRMouTsos A, MArGonis GA, Moris D,
Tsigris C, Pikouus E. Robotic single port cholecy-
stectomy: current data and future perspectives.
Minerva Chir 2017; 72: 140-145.

3) Vipovszky TJ, CaArrR AD, FarinHoLT GN, Ho HS, SmitH
WH, Au MR. Single-site robotic cholecystectomy
in a broadly inclusive patient population: a pro-
spective study. Ann Surg 2014; 260: 134-141.

4) MoreL P, BucHs NC, IRANMANESH P, PuGIN F, BUEHLER L,
Azacury DE, Jung M, VoLonte F, Hacen ME. Robotic

6075



A. Angelou, C. Damaskos, N. Garmpis, G.-A. Margonis, D. Dimitroulis, E.A. Antoniou

5)

single-site cholecystectomy. J Hepatobiliary Pan-
creat Sci 2014; 21: 18-25.

SAamarAsekera D, Kaouk JH. Robotic single port sur-
gery: current status and future considerations. In-
dian J Urol 2014; 30: 326-332.

6) Avioo S, CHoupHury N. Single-site robotic cholecy-

7)

8)

10)

11)

12)

stectomy. JSLS 2014; 18: e2014.00266.

BiBi S, RAHNEMAIFAZAR AA, CoraLic J, Bavoumi M,
KHorsanD J, Farkas DT, Prasap LM. Single-site ro-
botic cholecystectomy: the timeline of progress.
World J Surg 2015; 39: 2386-2391.

BALACHANDRAN B, HurrorD TA, Mustara T, KocHAR K,
Suto S, KHorsanp J. A comparative study of outcomes
between single-site robotic and multi-port laparosco-
pic cholecystectomy: an experience from a tertiary
care center. World J Surg 2017; 41: 1246-1253.

CorcionE F, Esposito C, CuccuruLLo D, SETTEMBRE A,
MiranDA N, AmaTo F, Pirozzi F, Calazzo P. Advanta-
ges and limits of robot-assisted laparoscopic sur-
gery: preliminary experience. Surg Endosc 2005;
19: 117-119.

BucHs NC, PuaiN F, Azacury DE, Jung M, VoLoNTE F,
HaGgen ME, MoreL P. Real-time near-infrared fluo-
rescent cholangiography could shorten operative
time during robotic single-site cholecystectomy.
Surg Endosc 2013; 27: 3897-3901.

BREITENSTEIN S, Nocito A, PuHAN M, HeLb U, WEeBER M,
Cravien PA. Robotic-assisted versus laparoscopic
cholecystectomy: outcome and cost analyses of a
case-matched control study. Ann Surg 2008; 247:
987-993.

BraumanN C, JacoBli CA, MEeNeENAkos C, IsmaL M,
Rueckert JC, MueLter JM. Robotic-assisted lapa-
roscopic and thoracoscopic surgery with the da
Vinci system: a 4-year experience in a single in-

13)

14)

15)

16)

17)

18)

20)

stitution. Surg Laparosc Endosc Percutan Tech
2008; 18: 260-266.

DaskaLaki D, FERNANDEs E, WANG X, Bianco FM, ELui
EF, Avtoo S, Masrur M, MitoNE L, GiuuanotTt PC.
Indocyanine green (ICG) fluorescent cholangio-
graphy during robotic cholecystectomy: results of
184 consecutive cases in a single institution. Surg
Innov 2014; 21: 615-621.

Buzap FA, CorneE LM, Brown TC, FAGIN RS, HEBERT
AE, Kaczmarek CA, Pack AN, Pavne TN. Single-si-
te robotic cholecystectomy: efficiency and cost
analysis. Int J Med Robot 2013; 9: 365-370.

CHUNG PJ, HUANG R, PoLicastro L, LEE R, SCHWARTZMAN
A, ALFonso A, Sucivava G. Single-site robotic cho-
lecystectomy at an inner-city academic center.
JSLS 2015; 19: e2015.000383.

Baek NH, Li G, Kim JH, Hwana JC, Kim JH, Yoo BM, Kim
WH. Short-term surgical outcomes and experience
with 925 patients undergoing robotic cholecystec-
tomy during a 4-year period at a single institution.
Hepatogastroenterology 2015; 62: 573-576.

Bobner J, HoeLLer E, WykypieL H, KLINGLER P, ScHMID
T. Long-term follow-up after robotic cholecystec-
tomy. Am Surg 2005; 71: 281-285.

PIETRABISSA A, SBRANA F, MoORELLI L, BADESsI F, PUGLIESE
L, Vina A, Kiersy C, SpinoGLio G. Overcoming the
challenges of single-incision cholecystectomy
with robotic single-site technology. Arch Surg
2012; 147: 709-714.

KonstanTiNDIs KM, HiriDEs P, HIRIDES S, CHRYSOCHERIS
P, Georgiou M. Cholecystectomy using a novel
Single-Site(®) robotic platform: early experience
from 45 consecutive cases. Surg Endosc 2012;
26: 2687-2694.

Karoor VK. Bile duct injury repair: when? what? who?
J Hepatobiliary Pancreat Surg 2007; 14: 476-479.



