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Summary
Background Giant liver cysts causing compression
symptoms require surgical therapy. Laparoscopy is
nowadays considered the first-line approach and has
been shown to be non-inferior to open surgery. Ancil-
lary techniques and novel technologies may have the
potential to reduce complications rates and improve
long-term outcomes.
Methods The management of a female patient with
a giant and symptomatic liver cyst is reported, as is
a literature search in PubMed and Scopus spanning
the past two decades, with the aim of assessing cur-
rent evidence regarding procedural details of laparo-
scopic deroofing.
Results Wide laparoscopic deroofing of a 21-cm liver
cyst arising from segment 6 was safely performed
under indocyanine green fluorescence imaging us-
ing a combination of ultrasonic energy excision and
stapling. A contemporary literature review showed
that only 22 of the 35 publications included details of
the surgical procedure. Ancillary techniques such as
omentopexy, argon plasma coagulation, monopolar
radiofrequency device ablation, and ethanol scle-
rotherapy were rarely used (10.8% of patients). Use of
energy devices and/or linear staplers was reported in
22 (62.8%) studies. Indocyanine green fluorescence
was reported in 4 (11.4%) studies.
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Conclusion The case report and the literature review
show that wide laparoscopic deroofing of giant liver
cysts is an effective and relatively simple procedure.
Use of emerging technology such as indocyanine
green fluorescence imaging can further enhance pre-
cision surgery and minimize complications and long-
term recurrence rates.
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Main novel aspects

� Wide laparoscopic deroofing of simple liver cysts in
favorable anatomical locations remains the proce-
dure of choice.

� Combination of ultrasonic dissection and stapling for
excision of the cyst wall near the transition zone with
liver parenchyma is effective, safe, and timesaving.

� Near infra-red imaging with indocyanine green may
enhance the safety of the procedure.

Introduction

Simple liver cysts (SLC), also known as biliary reten-
tion cysts, are benign masses filled with fluid that
originate from malformation of the ductal plate dur-
ing embryologic development, likely from micro-
hamartomas or peribiliary glands isolated from the
bile ducts. The reported prevalence in the general
population is 3–18% [1, 2]. These cysts are gener-
ally asymptomatic, have no malignant potential, and
only 5–10% of patients are thought to become symp-
tomatic [3]. However, the cyst can increase in size
with age, causing compression symptoms such as ab-
dominal pain and distention, nausea, anorexia, early
satiety, gastroesophageal reflux, weight loss, jaundice,
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dyspnea, and inferior vena cava syndrome. Patients
can also present with a palpable mass, and/or com-
plications such as intra-cystic bleeding and rupture
[3].

In 1968, Lin et al. [4] first described the surgical
technique of liver cyst fenestration through a laparo-
tomic approach. With the advent of minimally inva-
sive surgery, laparoscopy has become the standard of
treatment and has proven feasible and safe even in
patients with giant cysts, at least in anatomically fa-
vorable locations [5]. Herein, we describe a case of
laparoscopic fenestration performed with ultrasonic
dissection and stapling, assisted by indocyanine green
(ICG) fluorescence. We also performed a literature
review spanning the past two decades to summarize
the current status of laparoscopic fenestration and the
possible impact of technical details and technology on
clinical outcomes.

Case report

A 63-year-old woman with a body mass index of
24.3 kgm-2 was referred to our hospital for debilitat-
ing, worsening abdominal pain and tenderness that
started about 6 months prior to admission. No con-
comitant gastrointestinal symptoms were reported.
Her medical history included saphenectomy and
carpal tunnel release. At physical examination, only
epigastric tenderness was noticed. Abdominal ultra-
sonography showed a 21-cm hepatic cyst located in
the right liver lobe and displacing the right hemidi-
aphragm and the right kidney. Gallbladder microlithi-
asis was also present. Magnetic resonance imaging
confirmed a well-defined giant hepatic cyst arising
from segment 6 with regular thickened walls, small
calcifications, some intra-cystic septa, no nodules,
and homogenous fluid filling on T1-weighted images;
no enhancement after contrast injection was noted
(Fig. 1).

A complete blood panel including tumor markers
(alfa-fetoprotein, carcinoembryonic antigen [CEA],
neurospecific enolase [NSE], carbohydrate antigen
[CA] 15-3, CA 19-9, CA 125) and serological testing for
hydatidosis resulted negative. The diagnosis of simple
giant hepatic cyst was eventually confirmed, and the

Fig. 1 a Coronal MRI T2-
weighted scan frame show-
ing the craniocaudal ex-
tension of the cyst, ele-
vation of the right hemidi-
aphragm, and left shift of
the left liver and hepatic
hilum. b Transverse MRI T1-
weighted scan frame show-
ing a well-defined lesion
with high signal intensity on
T2-weighted images

a b

patient agreed to undergo laparoscopic fenestration.
Upon pre-admission, she was classified as American
Society of Anesthesiologists (ASA) score 1.

On the day of the procedure, about 4h before in-
duction of anesthesia, 2.5mg of ICG (Verdye, 5mg/ml
injection, A.P.M. Srl, Trezzano sul Naviglio, Milan,
Italy) was administered intravenously. The patient
was placed in the supine position with arms extended
and legs apart. Pneumoperitoneum was established
by the Veress needle technique, and the abdomen was
entered using a 12-mm optical trocar inserted into the
left hypochondrium. Three additional operative tro-
cars (one 12mm and two 5mm) were inserted. Peri-
toneal lavage for cytological analysis was performed.
The cyst was punctured and approximately 2.4 L of
serous fluid was suctioned and sent for cytological
examination. Further opening of the cyst wall with
a monopolar cautery allowed inspection of the inner
surface of the cyst, and no visible nodules or bile leak-
age were noticed. Wide deroofing was then performed
using a combination of harmonic scalpel (Ultracision,
Ethicon Endosurgery, Norderstedt, Germany) and Tri-
Staple EndoGIA (US Surgical, Norwalk, CT; Reload
45.0mm and 60.0mm). Indocyanine green fluores-
cence imaging helped to identify the liver edge close
to the cyst wall and guided the choice of the surgical
device. Given the significant thickness of the cyst wall
near the liver parenchyma, we preferred to use the
linear stapler. After the deroofing procedure had been
completed, we confirmed that there was no bleeding
from the staple lines and no ICG leakage from the
inner surface of the cyst. Finally, simultaneous retro-
grade cholecystectomy was performed (Fig. 2). The
resected cyst and the gallbladder were inserted into an
extraction bag and removed from the left lateral port
site. The procedure lasted 130min, and the estimated
blood loss was <50mL. The postoperative course was
uneventful, and the patient was discharged home on
postoperative day 3 in good general condition with
a mean VAS score of 3. Histopathological examination
confirmed a SLC composed by cuboidal epithelium
and fibrous stromal tissue. Results of peritoneal cytol-
ogy were negative. At 1-year follow-up the patient is
completely asymptomatic and abdominal ultrasound
show no recurrence.
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Fig. 2 a Laparoscopic
inspection of the cyst.
b Laparoscopic suction of
serous cystic fluid. c Re-
section of the thinner part
of the cystic wall with har-
monic scalpel. d Resec-
tion of the thicker cystic
wall with an endoscopic lin-
ear stapler. e Retrograde
cholecystectomy. f Final
indocyanine green fluores-
cence imaging showing no
evidence of bile leakage

a b

c d

e f

Discussion

Simple liver cysts are often asymptomatic and have
no malignant potential. However, symptoms from
large cysts can arise and surgical therapy is warranted
in these patients. Although there is no clear cut-off
for defining a giant liver cyst, it has been reported
that cysts >10cm in diameter are more likely to cause
compression-related symptoms [6]. Cyst contents are
usually serous, but proteinaceousmaterial from previ-
ous intra-cystic hemorrhage may be present. Massive
hemorrhage and/or spontaneous rupture of SLC has
also been described and may require an emergency
surgical procedure [3].

Treatment modalities for SLC range from percu-
taneous needle aspiration and sclerotherapy with
ethanol injection to open or laparoscopic fenestra-
tion. Liver resection is usually performed in the
setting of polycystic liver disease or when biliary
cystoadenoma or carcinoma is suspected [1].

Laparoscopic deroofing, first described by Z’Graggen
et al. [7] in 1991, has gradually become the surgical
therapy of choice, especially for cysts located in the
ventral and left lateral locations. Kisiel et al. [8] re-
ported the long-term outcomes including symptom
relief and quality of life in 48 patients operated in
a single hepatobiliary unit between 2000 and 2012.
There was one (2%) bile leak and no mortality. These
patients were followed for a median of 62 (22–173)
months and 60.4% were followed up for over 5 years.

Of 46 patients who had initial symptom relief, 37
(80%) reported long-term symptomatic benefit and
2 underwent redo surgery with open fenestration
and omentopexy. In a large meta-analysis includ-
ing 62 studies with a total of 1314 patients, Bernts
et al. [2] reported symptomatic relief in 90.2% and
symptomatic recurrence in 9.6% of the patients, with
a reintervention rate of 7.1%. The postoperative com-
plication rate was 10.8% and the major complications
rate 3.3%, with a procedure-related mortality of 1%.

A search of English-language case reports or case
series published in PubMed and Scopus identified
35 publications, with a total of 148 patients treated by
laparoscopic deroofing of large hepatic cysts. We re-
stricted our search to January 2000 to December 2022.
We included studies reporting on both conventional
and single-port laparoscopy (Table 1).

Studies reporting procedures performed via open
laparotomy or robotic surgery and/or associated with
liver resections for polycystic liver disease (PLD) were
excluded. Pediatric patients were also excluded. Ac-
cording to Murad et al. [44], we assigned a high,
medium, or low quality score to each study accord-
ing to clinical relevance, and reported surgical details
and length of follow-up.

Based on the above criteria, one third of the stud-
ies (28.5%) were considered to be of high quality. Sin-
gle-port laparoscopy was performed in 9 studies, for
a total of 28 patients (18.9%). Simple liver cysts were
more common in women, with a male to female ratio
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of 1:3.2. Patient age ranged between 47 and 88 years,
with a mean age at diagnosis of 72 years. Hepatic
cysts ranged in size from 5 to 28cm and were slightly
more frequent in the right (n=42) than in the left liver
segments (n= 37). The majority (78%) of patients had
a single liver cyst. Seven studies reported a total of
12 patients with PLD [10, 12, 20, 26, 31, 38, 41]. Over-
all, 7 (4.7%) patients presented with acute abdomen
and underwent emergency surgery for spontaneous
cyst rupture, intra-cystic bleeding, or infection [11,
29, 30, 32, 41, 42]. Conversion to laparotomy was
reported in only 1 patient (1/149, 0.6%) and was due
to a challenging hepatic mobilization during excision
of a single hepatic cyst located in segment 8 [10].

Surprisingly, only 22 publications included de-
tails of the surgical procedure and devices used to
complete the fenestration. In a minority of patients
(10.8%), laparoscopic deroofing was combined with
omentopexy (n=8), argon plasma coagulation (n= 4),
or was preceded by ethanol sclerotherapy (n= 4). To
date, there is no clear consensus in the literature re-
garding the real efficacy of these ancillary techniques
in terms of the recurrence rate, and the evidence to
support their use is limited. In addition, they are
not free from complications such as cauterization of
a major vascular structure or iatrogenic cholangitis
due to the sclerosing agent [2].

Regarding the surgical device, the harmonic scalpel
(UltracisionTM) was used in 13 centers and a vessel-
sealing system (LigaSureTM) in 8. Both devices are con-
sidered effective and safe in liver surgery [45, 46].

On the other hand, we found only 3 publications
reporting use of a stapling device during laparo-
scopic deroofing [13, 27, 35]. Stapling devices have
gained popularity in laparoscopic liver surgery and
are generally employed for major vessel division and
less frequently for parenchymal transection [47, 48].
Some authors have used an endoscopic linear stapler
to minimize any possibility of blood loss or bile leaks
during excision of a thick cyst wall [27]. Interestingly,
Umemura et al. [35] used a linear stapler to prevent
bile leakage after injecting ICG through an endoscopic
nasobiliary drainage. We used the harmonic scalpel
to initially excise the cyst wall but then preferred
to complete the deroofing with an endoGIA stapler
due to the thickness of the cyst wall near the liver
parenchyma.

For years, it has been known that intravenously ad-
ministered ICG is excreted into the bile [49]. In this
review, use of ICG was reported in only four stud-
ies, all published after 2016. In the case reported by
Tanaka et al. [31], intravenous ICG allowed identifica-
tion of an unexpected bile leakage, which could not
be identified in the initial laparoscopic view. How-
ever, there is a lack of agreement on the timing of
ICG administration. During laparoscopic cholecys-
tectomy, ICG is administered between 0.5h and 24h
before the procedure. In 3 patients undergoing la-
paroscopic deroofing [31, 36, 40], ICG was injected

104 Laparoscopic deroofing of simple liver cysts: do ancillary techniques, surgical devices, and indocyanine. . . K



review

intravenously 1h before surgery, after induction of
anesthesia, and 24h before surgery (followed by an in-
traoperative boost). We decided to administer ICG 4h
before induction of anesthesia, and there was no need
for an intraoperative boost. Indocyanine green fluo-
rescence helps to recognize the correct boundaries to
liver parenchyma and to assess the real thickness of
the cyst wall edges. Recent consensus guidelines on
the use of ICG during open and laparoscopic hepato-
biliary surgery state that intraoperative fluorescence
imaging improves anatomical visualization, has the
potential to guide surgical dissection, and is capable
of augmenting safety, efficiency, and outcomes [49].

Finally, from our literature search, only 5 patients
presented with a symptomatic recurrence during a fol-
low-up ranging from 2 to 72 months from the index
operation, and all required laparoscopic revision [10,
14, 25]. Limitations of this review are that some stud-
ies do not describe the extent of deroofing, a short
follow-up may have underestimated recurrence rates,
and postoperative imagingmay have been undertaken
only in patients with recurrent symptoms.

Conclusion

Our case report and literature review show that wide
laparoscopic deroofing of SLC is an effective and rel-
atively simple procedure. The concerns that fenes-
tration via a laparoscopic approach may be inferior
to open surgery are probably outdated. Versatility in
the use of modern and emerging technology is rec-
ommended to minimize the incidence of periopera-
tive complications and recurrences. It is reasonable
and timesaving to use staplers as an adjunct to ultra-
sonic excision of thick cystic walls. Indocyanine green
fluorescence with a single intravenous bolus prior to
the laparoscopic procedure may further enhance the
safety of the procedure.
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