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ORIGINAL ARTICLE
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Abstract

Background: Abdominal symptoms after cholecystectomy may be caused by gallstones in a remnant

gallbladder or a long cystic duct stump. Resection of a remnant gallbladder or cystic duct stump is

associated with an increased risk of conversion and bile duct or vascular injuries. We prospectively

investigated the additional value of robotic assistance and fluorescent bile duct illumination in redo biliary

surgery.

Methods: In this prospective two-centre observational cohort study, 28 patients were included with an

indication for redo biliary surgery because of remnant stones in a remnant gallbladder or long cystic duct

stump. Surgery was performed with the da Vinci X® and Xi® robotic system. The biliary tract was

visualised in the fluorescence Firefly® mode shortly after intravenous injection of indocyanine green.

Results: There were no conversions or perioperative complications, especially no vascular or bile duct

injuries. Fluorescence-based illumination of the extrahepatic bile ducts was successful in all cases.

Symptoms were resolved in 27 of 28 patients. Ten patients were treated in day care and 13 patients were

discharged the day after surgery.

Conclusion: Robot-assisted fluorescence-guided surgery for remnant gallbladder or cystic duct stump

resection is safe, effective and can be done in day-care setting.
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Introduction

Laparoscopic cholecystectomy is considered as a safe and effec-
tive treatment of symptomatic gallstone disease. However, up to
35 percent of patients develop post-cholecystectomy syn-
drome.1–3 One of the possible causes of post-cholecystectomy
syndrome is the cystic duct stump syndrome (CDS), which
involves the presence of gallstones in a long cystic duct stump
or remnant gallbladder. Symptoms of CDS include upper
HPB 2023, 25, 820–825 © 2023 International Hepato-P
abdominal pain, biliary colic, jaundice due to Mirizzi’s syn-
drome, cholangitis, biliary pancreatitis and remnant cholecys-
titis.4 The incidence of incomplete gallbladder resection is very
low following conventional cholecystectomy, but it is reported in
up to 16% after the laparoscopic approach.5,6 One of the reasons
for this high figure is that subtotal cholecystectomy is a
commonly employed strategy when challenging gallbladder
anatomy is encountered.7
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If CDS symptoms are disabling for the patient, resection of the
remnant gallbladder or cystic duct stump is a possible treat-
ment.5,6,8–10 Nevertheless, the distorted anatomy following pri-
mary surgery makes laparoscopic redo biliary surgery
challenging with reported rates of bile leakage in up to 9%,
conversion in up to 17% and the need for a chol-
edochoduodenostomy in up to 22% of patients.8,9,11,12

Indocyanine green (ICG) is a water-soluble fluorescent
contrast agent that, after intravenous injection, can be visualized
in vivo using near-infrared (NIR) fluorescence imaging sys-
tems.13 Since it is predominantly eliminated by the liver and
excreted through the biliary system, it enables intraoperative
illumination of the extra-hepatic biliary anatomy, potentially
decreasing common bile duct injury during cholecystec-
tomies.14–17 Testing of ICG in the setting of redo biliary surgery
has not been systemically performed.18

In this study, we prospectively investigated the value of robotic
surgery together with the use of ICG-based fluorescence chol-
angiography in redo biliary surgery. The aim was to evaluate
safety and efficacy. Our expectation was that real-time visuali-
zation of bile duct anatomy, together with the specific charac-
teristics of robot-assisted surgery, would better enable the
surgeon to perform this challenging procedure, resulting in
reduced complications and earlier recovery.
Methods

This prospective two-centre observational study was conducted
within the hepatobiliary units of Medisch Spectrum Twente and
Leiden University Medical Centre. The study conformed to the
ethics guidelines of the Declaration of Helsinki. Study protocol
and data collection were approved by the institutional ethics
committees and the need for written informed consent was
waived under local regulations [K22-19].

Patient inclusion and data acquisition
During the period between December 2018 and September 2021,
we included all consecutive patients over 18 years of age with an
indication for redo surgery based on abdominal complaints after
cholecystectomy and a remnant gallbladder or long cystic duct
stump with gallstones on imaging. Patients were excluded if they
had a known iodine allergy.
Baseline characteristics and data on initial surgery, imaging,

redo-surgery and pathology were retrospectively collected from
medical records. All patients were assessed after surgery in the
outpatient clinic with a minimum follow-up one month. Addi-
tional diagnostic tests were performed when indicated by
persistent abdominal symptoms.
The primary endpoint was occurrence of intra- or post-

operative complications, defined and graded according to the
Clavien-Dindo classification system.19 Secondary endpoints were
conversion, defined as any laparotomy, length of procedure,
defined as the time from incision until wound closure, length of
HPB 2023, 25, 820–825 © 2023 International Hepato-P
hospital admission, visualisation of the extra hepatic bile duct
anatomy and bile leakage using NIR as determined by the
operating surgeon, pathology outcomes and resolution of
symptoms that were acknowledged at initial presentation before
surgery.

Statistical analysis
Descriptive statistics are expressed using the mean with standard
deviation (SD) or median with interquartile range (IQR). Cor-
relation on decreasing operating time was expressed using
Pearson correlation coefficient.

Surgical technique
Robotic surgery was performed using the da Vinci X® and Xi®
system (Intuitive Surgical, Sunnyvale, CA, USA) by two experi-
enced robot-trained gastrointestinal surgeons. A summary of the
procedure can be seen in the supplemental video.
Before skin incision, between 2,5 mg and 5 mg ICG (Verdye,

Diagnostic Green GmbH, Aschheim-Dornach, Germany) was
administered intravenously. The camera port was placed peri-
umbilical using an open technique. After placement of four
additional ports, the da Vinci robot was docked. The attending
surgeon had unrestricted access to the fluorescence signal
channel (Firefly modus) during the identification of the extra-
hepatic biliary tract including the remnant gallbladder or long
cystic duct stump. Under fluorescent guidance the cystic duct or
remnant gallbladder was skeletonized upon the junction with the
common hepatic duct and secured with two clips, resected and
send for pathology (Image 1 and 2). In case of doubt of the
arterial location or difficult identification of arterial structures,
an additional bolus intravenous injection of 2.5 mg ICG could be
administered. After resection, possible leakage of fluorescent bile
was inspected with NIR imaging.
Results

A total of 28 patients were included (Table 1). There were no
exclusions. The indication for primary surgery was symptomatic
cholecystolithiasis (15/28), cholecystitis (9/28) and biliary
pancreatitis (4/28). In the majority of patients, initial cholecys-
tectomy was performed in an elective setting (20/28). Notably, in
ten patients (10/28) the anatomy in Calot’s triangle was reported
to be unclear. Four patients (4/28) had a documented subtotal
cholecystectomy. The indications for redo surgery were biliary
colic (18/28), pancreatitis (6/28), remnant cholecystitis (3/28)
and Mirizzi syndrome (1/28). Diagnosis of CDS was made with
transabdominal ultrasound (5/28), endoscopic ultrasound (12/
28) and MRCP (11/28). Fig. 1 shows indications for both the
primary and redo procedures.
The conversion rate was zero during redo surgery and no

intra- or postoperative complications and vascular injuries
occurred in the 28 patients. The extra-hepatic biliary anatomy
was adequately visualized with NIR fluorescence in all patients.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 1 Data onpatient characteristics, primary surgery and redo

surgery

Characteristic Data (n [ 28)

Age (years; mean ± SD) 51 ± 13.3

Gender

Female 20

BMI (kg/m2; mean ± SD) 31 ± 6.8

ASA classification (%)

I-II 23

III-IV 5

Primary Surgery Data (n [ 28)

Indication

Symptomatic cholelithiasis 15

Cholecystitis 4

Biliary pancreatitis 4

Timing

Acute 5

Elective 21

Unknown 2

Approach

Laparotomy 4

Laparoscopy 22

Conversion 2

Subtotal cholecystectomy 4

Unclear anatomy in Calot’s triangle 10

Redo surgery Data (n = 28)

Anatomical indication

Cystic duct stump 13

Remnant gallbladder 15

Clinical indication

Cholecystolithiasis 18

Cholecystitis 3

Biliary pancreatitis 6

Mirizzi’s syndrome 1

Imaging

Transabdominal ultrasound 5

Endoscopic ultrasound 12

MRCP 11

Timespan (months; mean ± SD)

Primary surgery to complaints 75 ± 96

Complaints to diagnosis 8.5 ± 13

Diagnosis to redo-surgery 3 ± 3

Primary surgery to redo-surgery 77 ± 74

ASA, american society of anaesthesiologists; BMI, body mass index;
SD, standard deviation.
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Pathologic examination showed biliary tissue in all specimens,
inflammation in nine and gallstones in 18. The mean length of
either the cystic duct stump or remnant gallbladder length was
2.9 cm (SD 0.91).
Duration of the procedure had a mean of 61 (SD 21.4) minutes

and a significant decrease over time (Pearson’s R = −0.56,
p = 0.002; Fig. 2). Patients were routinely admitted one night
after surgery during the initial phase of the study and were
treated in day care with increasing experience. Ten patients (10/
28) were ultimately treated in day care and thirteen (13/28) were
discharged on the day after surgery. The median length of
admission was one day. Five patients (5/28) had a longer
admission due to the need for analgesia.
Twenty two patients were directly relieved of their initial

symptoms after surgery. At follow-up, six patients (6/28)
presented with postoperative complaints following a mean
period of 25 days after surgery (range 7–63 days), all of whom
showed no remnant gallbladder or cystic duct stump on imaging.
Three patients (3/6) were diagnosed with choledocholithiasis and
successfully treated with endoscopic retrograde chol-
angiopancreaticography. One patient (1/6) was successfully
treated with a proton pump inhibitor after ruling out other
causes by laboratory tests and a MRCP. One patient (1/6) had
spontaneous resolution of complaints and one patient (1/6) had
persistent complaints with no clear cause despite an extensive
diagnostic workup. Twenty-seven patients (27/28) were eventu-
ally completely relieved of their symptoms after surgery.
Discussion

In this study we demonstrated the value of robot assistance and
fluorescent guidance during redo biliary surgery with no con-
versions or perioperative complications in 28 procedures and a
success rate of 96%. Fluorescence assistance allowed us to
adequately visualize the extrahepatic biliary anatomy in all pa-
tients. Furthermore we were able to reduce admission time to day
care.
We believe several factors contributed to these favourable

outcomes. The robotic arms allow for meticulous dissection in
the small operative field, opposed to the rather blunt dissection
with laparoscopic instruments. Three-dimensional view of the
operating field provides better depth perception and anatomical
detection. Real-time visualization of the biliary anatomy with
NIR fluorescence allowed for safer dissection in an area of
challenging anatomy. In addition, potential bile leakage due to
iatrogenic injury could be ruled out intraoperatively.
Even though both operating surgeons were experienced in

robot-assisted hepatobiliary surgery, a learning curve in the
duration of the procedure was observed. With growing confi-
dence in the accuracy of fluorescence guided surgery, dissection
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 1 Indication for primary and redo surgery of all included patients
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could be performed more rapidly. Our minimally invasive
approach allowed us to have a short admission time and more
than one third of patients was treated in day care. In our current
clinical practice cystic duct stump resections are planned in day
care surgery with robot assistance and fluorescence guidance.
In this study, one of 28 patients was not relieved of symptoms

by surgery. Indeed, persisting symptoms after surgery for CDS is
a familiar phenomenon.4,5,8 Despite having a remnant gallblad-
ders with lithiasis on imaging, it is likely that the cause of this
patients’ post-cholecystectomy syndrome was not CDS. As
observed in this and other studies, post-cholecystectomy syn-
drome a condition with heterogenicity in cause, and can addi-
tionally take a long time to develop and be diagnosed after
cholecystectomy. This contributes to a lack of surgical success in
a proportion of patients.4,5,8–12,20 However, patients with CDS
due to a biliary pancreatitis originating from a cystic-duct-
HPB 2023, 25, 820–825 © 2023 International Hepato-P
stump-stone and remnant gallbladder inflammation have a
clear indication for surgery. These patients too can have post-
operative complaints confirming the heterogenicity of post-
cholecystectomy syndrome. Similar to other studies, we
observed patients with postoperative choledocholithiasis,
possibly due to dislodgement of stones from the cystic duct or
remnant gall bladder during surgery or due to formation in the
intrahepatic bile system.10–12 Consequently, it is advised to have
choledocholithiasis in the differential diagnosis of patients with
postoperative complaints.
An interesting observation was that most primary cholecys-

tectomies were done for symptomatic cholelithiasis in an elective
setting. Notably, the anatomy in Calot’s triangle was unclear in
more than one third of patients and four patients had a docu-
mented subtotal cholecystectomy. This shows that an elongated
cystic duct stump or remnant gallbladder, as a result of unclear
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Figure 2 Duration of redo biliary surgery procedures in chronological order. The red dotted line represents a linear trendline fitting
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anatomy, is not limited to complex and acute cholecystectomies.
In none of these patients, fluorescence-guidance was used at the
initial cholecystectomy.
Pathologic assessment in our study agreed with the definition

of elongated cystic duct stump as being over 1.0 cm, since all
specimens showed a longer stump.4 To prevent CDS, some
studies have advocated a maximum cystic duct stump length of
0.5 cm, by dissecting thoroughly in Calot’s triangle.12 We would
alternatively recommend focussing on preventing biliary injury,
and perform re-intervention in an elective setting in case of
persisting complaints due to lithiasis in a cystic duct remnant.
The presented results show that this can be done safely and in day
care, making it an accessible treatment strategy.
This study presents some limitations; First, we studied a single

cohort in an observational setting without a control group.
Furthermore, questions may be raised in consideration of the
heterogeneity of the underlying disease conditions; however, the
data reflects the clinical daily practice.
In conclusion, our series shows that robotic surgery with the

assistance of fluorescence based illumination of biliary anatomy
is safe and associated with a high success rate and short hospital
stay. We believe this approach should be employed more often
for indications after gallbladder surgery.
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