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Ab s t r ac t​
Introduction: Choledochal cysts (CC) are rare congenital pathology in adult population. Since 1995, laparoscopic management has been 
described for this entity. Nevertheless, its management is considered to be a controversial matter due to the augmented risk of associated 
cholangiocarcinoma.
Materials and methods: A retrospective, observational, and descriptive study was conducted considering patients diagnosed with CC who 
were operated at a hepatobiliary surgery referral center from January 2013 to June 2018. Patients were taken to simplified laparoscopic 
hepaticojejunostomy with a Roux-en-Y reconstruction. A retrospective analysis of the data obtained is presented.
Results: Ten adult patients with CC underwent surgical biliary reconstruction at a mean age of 34.5 years; 75% had Todani type I CC and 25% 
Todani type IV-B CC. About 50% of the patients were diagnosed via endoscopic retrograde cholangiopancreatography (ERCP) and 50% of them 
via magnetic resonance cholangiopancreatography. None required re-intervention, no mortality was reported; and the mean hospital stay was 
5 days, no patient had postoperative biliary leakage, none was converted to open surgery, and all patients had adequate oral feeding tolerance 
2 days postoperative. Long-term follow-up showed no incidence of cholangiocarcinoma after 2-year follow-up.
Conclusion: Choledochal cysts in adults is a rare pathology that has a high probability of developing malignancy when not adequately surgically 
managed and because of secondary bile reflux. These factors make surgical management a critical decision. The simplified laparoscopic approach 
presented in this paper seems to be an effective and safe alternative to biliary duct reconstructive surgery.
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In t r o d u c t i o n​
Choledochal cysts are congenital dilatations of the intrahepatic 
or extrahepatic biliary ducts.1–5 They are associated with the 
development of cholangiocarcinoma. Their incidence predominates 
in eastern population where it is reported to be approximately 
0.00769% higher than western population where the incidence is 
around 0.000666%. These are estimated numbers; the real incidence of 
CCs in adult population has not been established so far, since in most 
cases they are incidentally diagnosed on images or during surgery.1,2,6

The first case of laparoscopic approach for CC resection was 
published by Farello et al. in 1995, since then, different studies have 
shown that minimally invasive techniques can reduce surgical time, 
postoperative morbidity, postoperative pain control, and incidence 
of surgical site infections (SSI). Better results with laparoscopy 
are reported on patients who have CC Todani type I, II, and IVb 
compared with the results with open approaches.2,6,7

We present our experience with laparoscopic CC resection and 
simplified bile duct reconstruction in an adult population, analyzing 
the technical aspects of a novel procedure, postoperative clinical 
evolution of the patients involved in the study, and the incidence 
of cholangiocarcinoma in a 2-year postoperative follow-up.

Mat e r ia  l s a n d​ Me t h o d s​
Design
We conducted a retrospective, observational, and descriptive study 
with a population of 10 adult patients diagnosed with CC who 
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underwent laparoscopic CC resection and simplified common bile 
duct reconstruction at a hepatobiliary referral center in Bogota, 
Colombia between January 2013 and June 2018.

The following variables were evaluated: age, sex, CC type 
(according to Todani classification), diagnosis, surgery time, 
bleeding, biliary leakage, conversion rates, oral feeding tolerance, 
Intensive care unit (ICU) stay, hospital stay time, need of 
reintervention, incidence of stenosis, mortality and incidence of 
cholangiocarcinoma with a postoperative follow-up of at least 
2 years.

All patients had a pre-surgical multidisciplinary team 
assessment performed by gastroenterology and general surgery. 
Patient consent for laparoscopic choledochal cyst resection and 
simplified common bile duct reconstruction was obtained before 
the procedure was started. The study protocol was approved by 
the ethics committee at our institution and it was implemented 
in accordance with the Declaration of Helsinki and good clinical 
practice guidelines.

In d i c at i o n s​
In order to include patients in this study, the following criteria 
were evaluated. Only patients over 18 years of age, who had a 
diagnosis of CC (Todani type I, II, and IVb) (Fig. 1) and Table 1 who 
were taken to laparoscopic CC resection and simplified common 
bile duct reconstruction were selected. Patients with the following 
characteristics were excluded from the study: those diagnosed with 
CC type III, IVa, V, and Child Pugh B (or higher) hepatic cirrhosis, 

extrinsic bile duct compression (e.g., periampullary tumors), or 
cholangiocarcinoma, patients who had already been treated 
surgically for CC at another center, patients who were coursing with 
cholangitis and patients had a contraindication for laparoscopic 
surgery.

Su r g i c a l​ Te c h n i q u e​
Patient Preparation
All patients prepared for laparoscopic choledochal cyst resection 
and simplified common bile duct reconstruction were preparer 
as if they had an open operation, 8-hour fasting and antibiotic 
prophylaxis were indicated according to the latest good clinical 
practice guidelines. Patients and their families were informed of 
the surgical risk, possible complications, such as bleeding, infection, 
the need for additional trocars, open conversion, and mortality.

Fig. 1: Todani classification in 3D-model by Pulido J

Table 1: Todani classification of the bile duct cyst

Type Characteristics
I Solitary extrahepatic cyst
II Extrahepatic diverticulum
III Intraduodenal diverticulum (Choledochocele)
IVA Extra- and intrahepatic cyst
IVB Multiple extrahepatic cyst
V Multiple intrahepatic cyst (Caroli's disease)
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Equipment and Room Set-up
Under general anesthesia, all patients were placed in the supine 
position with both arms tucked along their sides with their legs 
spread wide open. The patients were securely strapped to the 
surgical bed to facilitate maximum tilting and lateral rotation of 
the surgical table. The surgeon positioned himself between the 
patient’s legs in the French laparoscopy position. The first surgical 
assistant stood at the surgeon’s right-hand side and the second 
assistant to the left. The scrub nurse stood to the right of the first 
surgical assistant.

Laparoscopic Choledochal Cyst Resection and 
Simplified Common Bile Duct Reconstruction
Using an open umbilical approach, a 12 mm port was introduced 
into the abdominal cavity in order to create a pneumoperitoneum 
with carbon dioxide maintaining an intra-abdominal pressure of 
14 mm Hg (Fig. 2). Under direct laparoscopic vision, using a 30° lens, 
4 additional ports were placed; two 12 mm ports, one in the right 
flank and the other in the left paramedial zone. The other two 5 mm 
ports were placed, one in the right upper quadrant, and the other 
one in the epigastrium. The port site placement for laparoscopic 

CC resection with simplified common bile duct reconstruction is 
demonstrated in Figure 3.

The procedure started with full dissection of the structures within 
the Calot’s triangle using an ultrasonic laparoscopic cutter (Harmonic, 
Ethicon Endo Surgery Inc., Cincinnati, OH, USA) from left to right 
exposing, cystic duct, artery, and vein. Dissection of intra-abdominal 
fat continued to expose other structures in order to better identify the 
common bile duct with the CC, hepatic artery, and portal vein. A Penrose 
drain was placed around the cyst to assist with retraction. The CC distal 
portion was sectioned less than 1 cm from the duodenum where the 
duct size was normal, this was done with an endoscopic mechanical 
linear cutter suture (The Endo GIA™ reinforced reload with Tri-Staple™ 
technology) (Fig. 4). After this, a partial laparoscopic cholecystectomy 
was performed, cutting only the cystic artery and maintaining the 
integrity of the cystic duct with an abandoned gallbladder. The 
proximal section of the common bile duct was made with laparoscopic 
scissors 1 cm away from the CC superior edge. Then, the gallbladder 
was extracted along with the cystic duct and CC. The extracted pieces 
were sent to the anatomic and pathological examination.

Longitudinal division of the greater omentum was performed 
allowing intestinal ascension for anastomosis. The Treitz ligament 
was identified and at 60–70 cm from it an omega loop was made and 
ascended, in an antecolic position, to the hepatic duct. A lateral-terminal 
hepatic-jejunostomy anastomosis was made using a Hepp–Couinaud 
approach without tension using simple non-continuous sutures with 
polydioxanone 4-0 (PDS, Ethicon, Inc., Cincinnati, OH, USA) (Fig. 5).

Tissue approximation was performed using a posterior initial 
suture continuing anteriorly, apply only the necessary number 
of sutures to prevent leakage ischemia, and stenosis. Around 
100–150 cm distal from the anastomosis, a second omega loop was 
made with the intestinal tube from the duodenum (bile loop) and 
lateral–lateral jejunum–jejunum anastomosis was made 5 cm from 
the previous anastomosis using an endoscopic mechanical linear 
60 mm suture (Fig. 6).

The subsequent wall was sutured using invaginating non-
interrupted stitches with polydioxanone 3-0 (PDS, Ethicon, Inc., 
Cincinnati, OH, USA). The mesenteric defect was closed using simple 
non-interrupted sutures with polyester 2-0 (Ethibond, Ethicon, Inc., 
Cincinnati, OH, USA). The portion of the small intestine left between 
the two anastomoses was then separated using an endoscopic 
mechanical linear 60 mm suture leaving a Roux-en-Y configuration 
(Fig. 7). A 19 French round Blake drain was placed under the liver.

Figs 2A to F: Surgical port sites (A) To applied pneumoperitoneum using 
an open Hasson umbilical approach; (B and C) 12 mm port; (D, E, and F) 
Are optional ports and could be used at 5 mm port

Fig. 3: Bilioenteric anatomy with CC type I

Fig. 4: Section of the choledochal cyst—distal portion
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Please refer to the online video material: Choledochal cyst 
69556 Bestoun Ahmed (this material was presented at SAGES annual 
meeting, Baltimore, 2019).

Postoperative Care
The operative time was approximately 147 minutes. The patient 
ambulated on the same day of the procedure and tolerated oral 
food intake. The peritoneal drain was removed on postoperative 
day 2; and all the patients were discharged the following day. No 
patients required ICU or reintervention.

Stat i s t i c a l​ An a lys i s​
Being an observational retrospective cohort, a descriptive 
analysis of the data was performed prospectively in Microsoft 
Excel databases and analyzed using SPSS1 (Statistical Package for 
The Social Sciences) V.22.0. Variables were analyzed and median, 
minimum, maximum values, and percentages were obtained.

Re s u lts​
Patient Characteristics
Between 2013 and 2018, 10 patients with a diagnosis of CC 
underwent simplified laparoscopic bile duct reconstruction in 

our center. Patients demographics are presented in Table 2. All 
patients were women, 75% of them presented Todani type I CC 
and 25% Todani IV-B, without other associated malformations. 
About 50% of them were diagnosed during endoscopic retrograde 
cholangiopancreatography (ERCP) and other 50% with a magnetic 
resonance imaging (MRI). All of them were taken to resection of the 
common bile duct with a Roux-en-Y hepaticojejunostomy.

Surgical Outcomes
Average surgery time was 147 minutes; and the average 
intraoperative bleeding was 15 cc. No intra or postoperative 
complications were detected. There were no operative site 
infections, biliary leaks, and no mortality. The mean hospital stay 
time was 5 days.

One patient required ICU admission for 2 days due to 
anesthetic complications. There was no need for open conversion 
of the procedures and all patients had oral feeding and adequate 
tolerance at 1 day postoperative. Long-term follow-up showed no 
bile reflux at 2 years following surgery (Table 3).

Di s c u s s i o n​
In 1723, Vater and Ezler described for the first time, the CC; however, 
it was not until 1977 that Todani described the classification that it 
is most frequently used nowadays (Fig. 1).4,5,8,9 The management of 
this pathology has evolved from a cysto-enterostomy to advanced 
bilioenteric reconstructions with Roux-en-Y configuration.3,10

Fig. 5: Laparoscopic hepaticojejunostomy Fig. 6: Lateral–lateral omega jejunojejunostomy

Fig. 7: Simplified hepaticojejunostomy in Roux-en-Y

Table 2: Patient referral characteristics with bile duct injury

Variable Sub n = 10 (%)
Age (years, median, SD) 34.5
Gender Female 100

Male 0
Choledochal cyst type IA 75

IVB 25
ASA classification ASA 1/2 100

ASA 3/4 0
Patients with preoperative ERCP or 
CPRMN

Yes 100
No

ASA, the American Society of Anesthesiologists physical status classifica-
tion
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Prior to 1980’s, management for common bile duct consisted 
on drainage; however, reports of cholangiocarcinoma, recurrent 
cholangitis, and biliary lithiasis led to a change in the way surgeons 
managed this disease.3,4 That is why currently, the management of 
Todani I, II, and IV CC is similar and involve a complete resection of 
the defect with posterior bilioenteric reconstruction.1–3,5,11

Sastry et al. show the incidence of CC according to the Todani 
classification, being type I the most frequent (69.8%), followed 
by type IV (23.7%), type V (3.1%), type II (2%) and type III (1.4%).12 
The goal of the surgical management of type IV-A and IV-B CC is 
to stop or at least slow down the progression of liver damage. 
The complications of non-operated CC are the result of stasis in 
which cholangitis, biliary stone formation, recurrent pancreatitis, 
cirrhosis, and portal hypertension without mentioning the risk for 
cholangiocarcinoma; for that reason, surgical management in adult 
population is indicated.13

When complete resection of the cyst is not possible (usually 
in CC type IV-A) complete resection of the extrahepatic biliary 
tract should be performed in addition to a lobectomy (of the 
compromised portion of the intrahepatic biliary tree) with posterior 
biliary-enteric reconstruction. Incomplete resection of the cyst does 
not seem to be related to perioperative complications although 
some argue a persistent risk of malignancy.14,15

The usefulness of laparoscopy in the surgical management of 
this type of patients has been questioned due to the complexity 
of the procedures, the need for precise movements, and the long 
learning curve necessary to obtain adequate results.16 However, 
resection with minimally invasive technique with a Roux-en-Y 
reconstruction has been shown to be safer when compared to 
open approach.16,17

Some of the advantages of laparoscopic management in 
these cases are the better visualization of structures, more 
precise dissections due to the magnification of structures, less 
postoperative pain, shorter hospital stay time, better esthetic 
results, decreased bleeding, lower risk SSI and lower incidence of 
postoperative ileus; being the only negative aspect a prolonged 
surgical time.6,18 However, some authors have described an 
association between the laparoscopic approach and an augmented 
risk of malignancy due to incomplete CC resections that lead to 
chronic inflammatory process; they argue that open approach 
should not be fully abandoned since it is possible to better identify 
structures even in cases of severe local inflammatory processes and 
anatomical distortion.3,11

Some patients benefit from a two-stage surgical procedure, 
where during the first surgical time the CC is drained. During the 
second operative time (after physiological resuscitation in the 

ICU and resolution of the acute phase), the resection of the cyst is 
performed.1 In our series of cases, complete resection of the CC and 
bilioenteric reconstruction was performed in one surgical time with 
a 0% conversion rate and no need of reintervention.

Perhaps the most important aspect of the procedure, besides 
an adequate resection of the CC, is an adequate biliary-enteric 
reconstruction where the anastomosis made should allow free 
biliary flow into the intestine, avoiding as biliary reflux, which is 
the most important cause malignancy in these patients.1,3 It can 
be done with a hepatic-duodenostomy, choledochojejunostomy, 
or with a Roux-en-Y hepaticojejunostomy.1,3,6 Being the first and 
third the most frequent; today there is great controversy regarding 
which of the two most used procedures is the best as it can be 
evidenced in the experience of Narayanan et al., who in 2013 
published a systematic review in which when comparing 679 cases 
of patients, 60.7% taken to hepatico-duodenostomy and 39.3% 
to hepaticojejunostomy, respectively, they reported: a hospital 
stay time of 4.8 days and 6.1 days, the incidence of biliary leakage 
2.1% and 2.94%, the incidence of cholangitis 2.47% and 2.42%, the 
incidence of anastomotic stenosis 1.21% and 1.47%, the incidence of 
biliary reflux 5.88% and 0%, incidence of intestinal obstruction due to 
adhesion syndrome 0% and 5.12%, and the need for re-intervention 
1.21% and 2.45%.19 Most studies demonstrate that there are really 
no clinically significant differences between the two procedures. 
However, due to the existing evidence with hepaticoduodenostomy 
and the development of gastric cancer secondary to biliary reflux, 
in our study, we only performed bilioenteric reconstruction with a 
Roux-en-Y hepaticojejunostomy.1,20 In our case series, there was no 
biliary leakage, no re-intervention were needed; and our hospital 
stay time was shorter to the one reported in the medical literature.

It is a common factor among the opinion of experts in the world 
medical literature on this regard that the laparoscopic approach is a 
challenging for the surgeon but if performed correctly it is effective 
and appropriate.2 The conversion rate to open approach ranges 
from 0% to 37%, as described by Palanivelu et al. (2008) in a study 
published in the Journal of the American College of Surgeons that 
report a conversion rate of 8.5%. However, in our series there were 
no conversions to open surgery.3 The age of the patient has been 
shown to be directly related to the need for conversion, is it more 
frequent in pediatric patients than in adults, which is extrapolated 
to our results.2 On average, the length of hospital stay time in 
minimally invasive management ranges from 3 days to 4.7 days and 
in the open approach from 5 days to 20.5 days and has a mortality 
of up to 3.3%, as evidenced in our series.2,3,6

Early postoperative complications include pancreatitis, enteric 
or biliary leakage from the anastomosis, bleeding, SSI, and pancreatic 
or biliary fistulas. The most frequent delayed complications (after 
30 days postoperative) are intrahepatic or extrahepatic bile duct 
stenosis, lithiasis, malignancy, intestinal obstruction, recurrent 
pancreatitis, hepatic cirrhosis, and cholangitis.1,4,8 Postoperative 
complications in children are rare; however, in adults, they occur 
between 17% and 40% of cases.1 the most frequent complication 
with an incidence of 0% to 20% of cases is an anastomotic leakage; 
however, in our study, there were no postoperative complications.3

Studies that support the use of robots for the surgical 
management of CC, such as the one reported by Wang et al. who 
reported their experience in 2016 with a 26-year-old patient who 
was diagnosed with a type I CC and decided to take him to a 
robotic Roux-en-Y hepaticojejunostomy with the alimentary and 
bilioenteric loops in a retrocolic position with satisfactory results 
in terms of incidence, early or late complications, esthetic results 

Table 3: Surgical variables and outcomes, with at least 2-year follow-up

Variable (%), SD
Average surgery time 147 minutes  

(113–195 minutes)
Average intraoperative bleeding 15–50 cc
Mean hospitality stay 5 days
Bile leaks 0
Converted to open surgery 0
Oral feeding and adequate tolerance at POP 
(days)

2

Mortality 0
POP, postoperative
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and SSI, with a surgical time of 480 minutes (longer when compared 
with our surgical time) and a bleeding of 100 cc (also greater than 
the one reported in our series).10 The evidence on robotic surgery 
in these cases is very limited; however, some authors consider that 
aspects such as the magnified three-dimensional image, along 
with more precise movements could represent the difference in 
the prognosis of the patients.1,10

As it was said before, some authors have reported that 
cholangiocarcinoma may be a secondary to unresected portions 
CC, with an incidence of up to 30% in the adult population.26 
The global incidence reported in the word medical literature for 
cholangiocarcinoma is 0.95 per 100,000, being more frequent in 
patients with CC.21,22 The risk of malignancy reported for these 
patients is 0.7% to 28%, this risk increases over time.2,5,6,8,23 Sastry 
et al., in one of their studies with a population of 7,880 patients 
(1,914 under 18 years of age and 3,866 adults), from which 4.59% 
had histopathological studies revealing malignancy, 70.4% of these 
patients had cholangiocarcinoma, 23.5% gallbladder carcinoma, 
and 6.1% other malignancies. The incidence of cholangiocarcinoma 
in type I CC is 68%; and in type IV CC it is of 21%.21 The risk of 
malignancy is high, and it is associated with a global survival of 
6 to 21 years. Incidence of malignancy referred by Amid et al., in 
type IV CC was of 9.2%, type I 7.6%, type II 4.3%, type III 4%, and 
type V 2.5%.12 For this reason, it is imperative to make a complete 
resection of CC and to make a strict postoperative follow-up.

There is still some controversy regarding abandoned CC parts 
and their risk of malignancy; however, some of the studies on this 
regard seem to indicate that a complete resection is superior to a 
partial resection in terms of reducing the risk of malignancy as it 
is shown by Ten Hove et al. in a meta-analysis published in 2018, 
where they compare a total of 80 studies and 2,904 patients, with 
an incidence of 10.7% of cholangiocarcinoma, with an increased 
risk for patients with type I and IV CC with a statistically significant 
p of 0.016, and with an increased risk for cholangiocarcinoma for 
patients taken to CC drainage and partial resection with an OR 
of 3.97, almost four times more than patients taken to complete 
resection (as it was performed in our series).1,2,24,25 Mutations in K-ras 
and p53 genes have been associated with cholangiocarcinoma and 
a history of common bile duct disease.1,4,8 Nevertheless, no tumor 
markers show direct relationship between their serum levels and 
the presence of cholangiocarcinoma.26

Nicholl et al. revealed a direct correlation between patient 
age and cancer risk: from 0 year to 30 years (0%), from 31 years 
to 50 years (19%), and from 51 years to 70 years (50%).27 Surgical 
management of CC with complete surgical excision during 
early life tends to decrease the probability of developing cancer 
cholangiocarcinoma later in life especially in the group of patients 
with type I CC.28,29 One study of 56 patients with a previous history 
of resection three patients progressed to cholangiocarcinoma 
with a range of 2–19 years after the procedure, showing that a 
strict follow-up is necessary after the procedure and during a long 
period of time to ensure an early diagnosis and improve long-term 
outcomes even in malignant positive patients.30 Other study that 
supports this shows that 15 patients out of 214 cases reported 
were associated with malignancy of the biliary tree; their survival 
was of 6–21 months after being diagnosed, poor prognosis was 
associated with late 31 Lee et al. in a study of 40 patients diagnosed 
with cholangiocarcinoma during early stages and had a better 
prognosis; specifically, the 5-year survival rates of patients with 
stages Ia, Ib, and IIa cholangiocarcinoma reached 90.4%, 40.0%, 
and 25.1%, respectively.32 The main limitation of this study is that 

it is an observational retrospective study without randomization 
and no control group. It is therefore subject to selection bias. In 
addition, the population size of our study may be too small to draw 
statistically relevant conclusion, even if it is an infrequent disease 
in Latin America.

Co n c lu s i o n​
Adult CC are a group of rare entities that lead to high mortality and 
risk of developing cancer, these make their management critical and 
necessary. Complete resection of the CC and laparoscopic Roux-
en-Y bilioenteric reconstruction is an effective and safe method, 
although complex and challenging for the surgeon. This simplified 
laparoscopic approach to bile duct reconstruction with Roux-en-Y 
anastomosis seems to be an effective and safe alternative for the 
management of this pathology. Additional research is warranted 
to assess long-term results in a larger series.
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