
Hamad et al. Mini-invasive Surg 2023;7:16
DOI: 10.20517/2574-1225.2023.03

Mini-invasive Surgery

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 
International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing, 
adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as 

long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and 
indicate if changes were made.

www.misjournal.net

Open AccessReview

Laparoscopic and robotic approaches for treatment 
of choledochal cysts in adults
Ahmad Hamad1, Jaimie D. Nathan2, Timothy M. Pawlik1

1Department of Surgery, The Ohio State University Wexner Medical Center and James Cancer Hospital and Solove Research 
Institute, Columbus, OH 43210, USA.
2Department of Surgery, The Ohio State University College of Medicine, and Nationwide Children’s Hospital, Columbus, OH 
43210, USA.

Correspondence to: Prof. Timothy Pawlik, Department of Surgery, The Ohio State University Wexner Medical Center and James 
Cancer Hospital and Solove Research Institute, Columbus, OH 43210, USA. E-mail: tim.pawlik@osumc.edu

How to cite this article: Hamad A, Nathan JD, Pawlik TM. Laparoscopic and robotic approaches for treatment of choledochal 
cysts in adults. Mini-invasive Surg 2023;7:16. https://dx.doi.org/10.20517/2574-1225.2023.03

Received: 14 Jan 2023  First Decision:7 Mar 2023  Revised: 27 Mar 2023  Accepted: 13 Apr 2023  Published: 4 May 2023

Academic Editor: Giulio Belli  Copy Editor: Ke-Cui Yang  Production Editor: Ke-Cui Yang

Abstract
Background: While well-described for hepatic and pancreatic resection, the minimally invasive (MIS) approach in 
the treatment of choledochal cysts (CC) has been under-reported. Due to the technical complexity and steeper 
learning curve of minimally invasive biliary reconstruction, the MIS approach has not been as widely adopted in 
biliary surgery. We herein review the use of laparoscopic and robotic-assisted surgery in the treatment of CC.

Methods: A comprehensive review of the literature was performed on the use of laparoscopic and robotic-assisted 
surgery in the treatment of CC.

Results: Similar morbidity and mortality rates were noted among patients undergoing laparoscopic choledochal 
cyst resection (LCCR) compared with previous data from patients in the literature who had undergone an open 
approach (OCCR, open choledochal cyst resection); however, LCCR was associated with longer operative times 
and high conversion rates, largely attributable to the learning curve given the technically challenging nature of the 
procedure. The robotic platform (RCCR, robotic choledochal cyst resection) has been shown to offer an advantage 
in the hepaticojejunostomy anastomosis portion of CC resection vs. laparoscopy while providing comparable short-
term outcomes compared with the LCCR approach.
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Conclusion: A minimally invasive approach to CC likely has improved perioperative outcomes with shorter LOS, 
return to baseline function, as well as improved cosmesis vs. OCCR. Longer operative times with minimally invasive 
approaches to CC have been attributed to steep learning curves, which have improved over time as surgeons 
become more facile with this technique. Both LCCR and RCCR have demonstrated similar rates of long-term 
postoperative complications and overall survival when compared to OCCR.
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INTRODUCTION
Choledochal cysts (CC) are abnormal cystic dilations within the extrahepatic and intrahepatic biliary tree. 
CC are more common in East Asian populations and have a four-times higher incidence in female 
patients[1]. The most widely accepted classification system for CC was proposed in 1959 before being revised 
in 1977 to include intrahepatic cysts then further refined in 2003 to incorporate the presence of an abnormal 
pancreaticobiliary junction[2-4]. According to the Todani classification system[5], type I cysts are characterized 
by a cystic or fusiform dilation of the common bile duct (CBD) (IA involves the CBD and part or all of the 
common hepatic duct and extrahepatic portions of the left and right hepatic ducts, IB is a focal segmental 
dilation of the distal CBD, IC is a dilation of all the extrahepatic ducts, and ID is a cystic dilation of CBD 
and cystic duct), type II cysts are true diverticula of the extrahepatic bile ducts, type III cysts (i.e., 
choledochocele) are cystic dilations limited to the intraduodenal portion of the distal CBD that can be lined 
by either duodenal or biliary epithelium and are not associated with any malunion, type IV cysts are defined 
by the presence of multiple cysts and are divided into subtypes based on intrahepatic bile duct involvement 
(Type IV A - both intrahepatic and extrahepatic cystic dilations vs. Type IV B - only extrahepatic cysts); 
type V CC are defined by one or more cystic dilations of the intrahepatic ducts without extrahepatic 
involvement and is termed Caroli disease[6]. When Type V CC is associated with congenital hepatic fibrosis, 
it is termed Caroli syndrome and is typically inherited as an autosomal recessive trait[7]. In a subset of 
patients, CC can be associated with symptoms such as abdominal pain, nausea, vomiting, fever, and 
jaundice, consistent with cholangitis. Adult patients with CC may more commonly present with 
pancreatitis. Patients with type I, II, or IV cysts should typically undergo surgical resection due to the risk of 
malignancy, recurrent cholangitis, or recurrent pancreatitis. Patients with intrahepatic type IV cysts will 
often undergo a partial hepatectomy for the resection of the intrahepatic portion of the cyst which may be 
difficult to treat[8]. Among patients with CC, the incidence of malignancy approximates 10%[9]. In general, 
the preferred operative approach is surgical resection of the CC with a Roux-en-Y hepaticojejunostomy. A 
hepaticoduodenostomy is not typically performed in adults due to anatomic reasons as well as to avoid 
reflux into the biliary tree. Of note, patients with type III cysts require endoscopic treatment only if 
symptomatic. Patients with type V cysts generally receive supportive treatment unless the patient develops 
complications such as recurrent cholangitis or sepsis; treatment of type V cysts generally requires liver 
transplantation in the setting of progressive biliary cirrhosis and portal hypertension.

The application of minimally invasive surgery (MIS) has transformed various surgical subspecialties. Due to 
technological advancements, improved multidisciplinary planning, and advanced imaging techniques, MIS 
has been increasingly utilized for various benign and malignant hepatopancreatobiliary (HPB) 
indications[10-16]. After the adoption of laparoscopy in the 1990s, published literature comparing the 
minimally invasive approach to open surgery demonstrated improved outcomes such as shorter hospital 
length of stay (LOS), lower morbidity, improved cosmesis, and more rapid return to baseline functional 
status without compromising oncological outcomes. The robotic platform overcame some of the limitations 
of laparoscopy as it has the added benefit of three-dimensional visualization, stabilization of tremors, 
reduced operative fatigue, and improved ergonomics from the console-surgeon interface. Indocyanine 
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Green (ICG) is a near-infrared spectrum fluorescence used in laparoscopic and robotic surgery that has 
been shown to be useful in delineating anatomical structures[17,18]. The dye is almost completely metabolized 
by the liver and excreted through the bile ducts, which is why it can be useful in technically-complex 
procedures such as the surgical resection of CC[17]. While well-described for hepatic and pancreatic 
resection, there was a paucity of reports on the use of the MIS approach in the treatment of CC. This is the 
first comprehensive review of laparoscopic and robotic assisted approaches for the surgical resection of 
choledochal cysts. Previous reviews have either compared only one approach[19] or have combined the 
results of previous literature focusing on only one aspect of the procedure[20]. Due to the technical 
complexity and steeper learning curve of minimally invasive biliary reconstruction, the MIS approach has 
not been as widely adopted in biliary surgery. We herein review the use of laparoscopic and robotic-assisted 
surgery in the treatment of CC.

METHODS
A comprehensive review of the literature was performed using MEDLINE/PubMed and Web of Science 
databases with a search end date of December 29, 2022. In PubMed, the terms “choledochal cyst”, “biliary 
cyst”, “robotic assisted”, “laparoscopic” and “minimally invasive surgery” were used. Articles published in 
English were assessed according to these eligibility criteria. Duplicate publications, single case reports, 
review articles and studies with no reported treatment were excluded. An expert review of the available 
literature was performed, and the most relevant and informative publications were identified for inclusion. 
Data were used to review the use of laparoscopic and robotic-assisted surgery in the treatment of CC 
[Figure 1].

Laparoscopic choledochal cyst resection
Background
The first ever reported laparoscopic choledochal cyst resection (LCCR) was described by Farello and 
colleagues in 1995 with a successful hepatic-jejunal roux-en-y loop anastomosis in a six-year-old girl[21]. In 
subsequent years, the laparoscopic approach was progressively adopted and described by many surgeons 
and institutions to treat CC [Figure 2]. Laparoscopy has been repeatedly demonstrated to be safe and 
feasible for the treatment of CC. However, this approach is technically complex and therefore has a 
considerable learning curve.

Outcomes
Since first being described by Farello and colleagues, LCCR has been reported in numerous case series, case-
control studies, and meta-analyses. In the early 2000s, single-center studies demonstrated the feasibility of 
the laparoscopic approach among adult patients with various types of CC[22-24]. In the last decade, larger case 
series demonstrating the safety and feasibility of LCCR were published[25-29]. Hwang and colleagues described 
their early experience in 20 patients with Type I and IV CC undergoing LCCR. Similar morbidity and 
mortality rates were noted among patients undergoing LCCR compared with historical data from patients 
in the literature who had undergone an open approach; however, LCCR was associated with longer 
operative times and high conversion rates, largely attributable to the learning curve given the technically 
challenging nature of the procedure[25]. Similarly, Jang and colleagues reported comparable short-term 
outcomes vs. the open approach while demonstrating better cosmetic and functional results[26]. In a separate 
study, Aly and colleagues compared using LCCR among patients undergoing surgical resection during two 
time periods (1996-2005 vs. 2006-2015). The authors noted improved operative outcomes among patients 
treated in the more recent time period with no conversions to open resection and only one case requiring 
hand assistance during laparoscopic resection;  the improved operative outcomes were attributed to surgeon 
experience and improvement in surgical skills over time[29].
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Figure 1. The flow chart for this comprehensive review.

Figure 2. Laparoscopic choledochal cyst resection with visualization of common bile duct and common hepatic duct.

A more recent multi-institutional study by Margonis and colleagues utilized a propensity score matching 
analysis to compare patients with CC undergoing open CC resection (OCCR) vs. minimally invasive 
surgery (MIS), which included patients undergoing either laparoscopic or robotic-assisted surgery. After 
propensity-matching, the MIS approach was associated with decreased length-of-stay (LOS) (open: 7 days 
vs. MIS: 5 days), lower estimated blood loss (EBL) (open: 50 mL vs. MIS: 17.5 mL), yet longer operative 
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times (open: 237 min vs. MIS: 301 min) compared with patients who underwent OCCR (all P < 0.05). Both 
patient cohorts had a similar incidence of postoperative morbidity and long-term overall survival[30]. The 
overall degree of complications did not differ between the OCCR (Clavien Dindo grades I-II, n = 13; grades 
III-IV, n = 15) and MIS cohorts (Clavien Dindo grades I-II, n = 5; grades III-IV, n = 5) (P = 0.85)[30]. Another 
study from a group in China demonstrated similar results with decreased LOS, decreased EBL, and higher 
operative times among patients undergoing LCCR vs. OCCR.[31] Of note, the accumulation of surgeon 
experience markedly decreased operative time (290 min in the early cohort vs. 198 min in the late cohort). A 
systematic review and meta-analysis that compared LCCR vs. OCCR among 1,408 patients (LCCR, n = 611 
vs. OCCR, n = 797) in 7 studies demonstrated that LCCR was associated with shorter hospital LOS, earlier 
recovery of bowel function, lower rates of intraoperative blood transfusions, and a decreased relative risk for 
adhesive intestinal obstruction, yet longer operative times[19]. Moreover, the meta-analysis demonstrated no 
difference among patients in terms of the total number of postoperative complications, and biliary-specific 
complications such as bile leak, intra-abdominal bleeding, and pancreatitis. Overall, LCCR was associated 
with improved short-term outcomes; while the main disadvantage was longer operative times, this factor 
may be mitigated in the hands of experienced HPB surgeons [Table 1].

Robotic choledochal cyst resection
Background
The robotic platform has been increasingly adopted as the laparoscopic approach has several limitations 
including three-dimensional visualization, limited range of instrument motion, and inferior surgeon 
ergonomics. With the technical complexity associated with the surgical resection of CC, the robotic 
platform may mitigate some of the technical difficulties encountered with rigid laparoscopic instruments 
and potentially result in shorter operative times. The robotic platform does, however, come with some 
limitations such as requirements to re-dock the robot in case the operation field is shifted or the risk of 
instrument collision in small surgical fields. The first robotic CC resection (RCCR) was described in a case 
report by Woo and colleagues in 2006[32]. Several case reports have since been published following Woo and 
colleagues’ initial description, which have demonstrated the widespread feasibility of the robotic approach 
based on data from larger case series comparing the robotic approach to LCCR and OCCR 
[Figures 3 and 4].

Outcomes
There are only a few published case series in the literature comparing RCCR to LCCR in adult patients. As 
noted, the study by Margonis and colleagues is the largest series to date that reported on short-term 
outcomes of patients undergoing robotic-assisted resection for CC[30]. More recently, Lee and colleagues 
described their experience utilizing a robotic-hybrid CC excision whereby patients underwent a 
laparoscopic dissection before the robotic platform was utilized for the hepaticojejunostomy (HJ) 
anastomosis[33]. The authors compared this technique to the laparoscopic-only approach and demonstrated 
that the robotic-assisted approach was associated with no short-term complications (22.4% vs. 0%; P = 
0.029) such as bleeding, development of intra-abdominal fluid collections, bile leak, wound infections, and 
ileus. However, patients in the robotic cohort had longer operative times (247.94 ± 54.14 vs. 181.31 ± 43.06; 
P < 0.05), which the authors attributed to lengthy docking times and staff unfamiliarity with robotic 
instruments[33]. Similar to LCCR, there was a learning curve associated with the implementation of the 
robotic platform. The accumulation of surgeon experience resulted in an 80-min decrease in operative time 
over the course of the case series. In a similar study, Han and colleagues demonstrated the safety and 
feasibility of the robotic platform in adults with comparable short-term outcomes among patients in the 
RCCR and LCCR cohorts[34]. A more recent retrospective analysis by Yoon and colleagues demonstrated 
similar perioperative outcomes such as operative time, EBL, and postoperative complications among 
patients undergoing LCCR and RCCR[35]. The authors reported, however, a higher total hospital charge in 
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Table 1. Published literature comparing laparoscopic choledochal cyst resections to open choledochal cyst resections

Year Author Publication type Choledochal cyst type Sample size

2001 Tanaka et al.[22] Retrospective Unspecified 8 (All L)

2006 Jang et al.[23] Retrospective Ia, Ic, IV 12 (All L)

2008 Palanivelu et al.[24] Retrospective Ib, Iva 35 (All L)

2012 Hwang et al.[25] Retrospective Ia, Ic, IVa 20 (All L)

2013 Jang et al.[26] Retrospective Ia, Ib, Ic, II, III, IV 82 (All L)

2015 Senthilnathan et al.[27] Retrospective I, IVa 55 (All L)

2015 Duan et al.[28] Retrospective Ia, Ic 31 (All L)

2018 Aly et al.[29] Retrospective Ia, IVa, IVb 36 (All L)

2015 Margonis et al.[30] Retrospective I, II, III, IV 368 (O: 332, MIS: 36)

2014 Liu et al.[31] Retrospective Ia, Ic, IVa 74 (O: 39, L: 35)

2015 Zhen et al.[19] Systematic review and meta-analysis Unspecified 1408 (O: 797, L: 611)

L: Laparoscopic; MIS: minimally invasive surgery; O: open.

Figure 3. Robotic port placement for choledochal cyst resection.

Figure 4. (A) Robotic choledochal cyst resection with (B) exposure of hepatic ducts (arrow).

the RCCR cohort ($6,568 ± 1,047 vs. $7,331 ± 720, P= 0.035). The $763 difference in cost was attributed to 
insurance reimbursement difficulties, as robotic surgery was not reimbursed by the National Health 
Insurance Corporation in South Korea. Of note, the cost for postoperative care in the study was higher in 
the LCCR group ($1,098 ± 260 vs. $716 ± 264, P = 0.001)[35]. The authors attributed the cost difference to an 
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Table 2. Published literature comparing robotic choledochal cyst resections to laparoscopic and open choledochal cyst resections

Year Author Publication type Choledochal cyst type Sample size

2015 Margonis et al.[30] Retrospective I, II, III, IV 368 (O: 332, MIS: 36)

2018 Lee et al.[33] Retrospective Ia, Ib, Ic, II, III, IVa, IVb 67 (L: 49, R: 18)

2018 Han et al.[34] Retrospective Ia, Ib, Ic, IVa, IVb 67 (L: 47, R: 22)

2021 Yoon et al.[35] Retrospective I, II 39 (L: 23, R: 16)

2022 Morikawa et al.[36] Retrospective Ia, Ic, IVa 36 (O: 16, L: 15, R: 5)

2022 Zhang et al.[20] Systematic review and meta-analysis Ia, Ib, Ic, II, III, IVa, IVb 173 (L: 119, R: 56)

L: Laparoscopic; MIS: minimally invasive surgery; O: open; R: robotic.

Figure 5. (A, B, and C) Robotic hepaticojejunostomy anastomosis (arrow) after choledochal cyst resection.

increase in the amount of routinely used drugs, combined with an increase in the volume of laparoscopic 
surgery over time. Morikawa and colleagues compared 36 patients undergoing open, laparoscopic, and 
robotic resections. Higher operative times were again associated with the MIS approach, yet there was 
shorter hospital LOS, lower EBL, and lower rates of internal stents. Among patients undergoing an MIS 
approach, the RCCR cohort had shorter operative times during the HJ anastomosis portion of the surgery 
compared to LCCR.
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A systematic review and meta-analysis by Zhang and colleagues compared LCCR and RCCR among 
patients with type I through IV CC. Six studies (3 adult studies with a total of 162 patients) were included; 
patients treated with the robotic approach had a shorter hospital LOS but longer operative times. Estimated 
blood loss, as well as the incidence of bile leak, wound infection, postoperative bleeding, postoperative 
cholangitis, anastomotic strictures, adhesive intestinal obstructions, residual cysts, and incidence of biliary 
stones, were the same among patients treated with LCCR vs. RCCR[20]. Collectively, the data strongly suggest 
that the robotic platform may offer an advantage in the HJ anastomosis portion of CC resection [Figure 5] 
vs. laparoscopy while providing comparable short-term outcomes compared with the LCCR approach, yet 
better results than the OCCR approach with decreased EBL and shorter hospital LOS. The longer operative 
times associated with the robotic platform will likely be mitigated over time in the hands of experienced 
HPB surgeons [Table 2].

Summary
Despite the technical complexity associated with minimally invasive HPB surgery related to CC resection, 
an increasing number of surgeons and hospitals have adopted these techniques. A minimally invasive 
approach to CC likely has improved perioperative outcomes with shorter LOS, return to baseline function, 
as well as improved cosmesis vs. OCCR. Longer operative times with minimally invasive approaches to CC 
have been attributed to steep learning curves, which have improved over time as surgeons become more 
facile with this technique. RCCR likely provides an additional advantage over LCCR due to more degrees of 
freedom with the instruments, providing a greater ability to perform the dissection and HJ reconstruction. 
In particular, the robotic platform overcomes some of the shortcomings associated with laparoscopic 
surgery and thus decreases operative times when constructing the HJ. It is important to note that there are 
several contraindications to the MIS approach including perforated cysts, pneumoperitoneum, inability to 
tolerate general anesthesia, hemodynamic instability, coagulopathy, and portal hypertension. It is also 
important to note that this study has several limitations including selection bias and a relatively small 
sample size.

CONCLUSION
Both LCCR and RCCR have demonstrated similar rates of long-term postoperative complications and 
overall survival when compared to OCCR. Overall, a minimally invasive approach to surgical management 
of CC should be strongly considered. Future prospective randomized studies should compare both 
minimally invasive approaches to the open approach to assess short- and long-term complications 
associated with each surgical platform. Selection criteria for patients undergoing MIS for CC resection will 
also need to be defined better as experience with this approach expands.
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