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ABSTRACT

Background and study aims Symptomatic simple hepatic
cysts require treatment, with several guidelines recom-
mending laparoscopic deroofing. However, cysts located
in the posterosuperior segments are considered poor can-
didates for this procedure. Gastrointestinal endoscopes are
more flexible and able to reach less accessible areas than la-
paroscopes. This study aimed to evaluate the utility of
endoscopic transgastric hepatic cyst deroofing (ETGHCD)
for treatment of simple hepatic cysts.

Patients and methods Seven patients with simple hepatic
cysts were evaluated between June 2021 and October
2023.The success rate, procedure time, post-procedure
length of hospital stays, complications, pathologic diagno-
sis, and efficacy were recorded.

Results Eleven cysts in seven patients (5 men; mean age
65.5 (standard deviation [SD] 8.5) years) were successfully
treated without any complications. The mean procedure
time was 65.6 minutes (SD 17.2). Mean post-procedure
hospitalization was 4.4 days (SD 1.0). The pathologic diag-
nosis of 11 cysts showed simple hepatic cysts. The size of
the cysts was significantly decreased from 337.0 cm? (SD
528.8) to 5.2 cm? (SD 6.3) 1 month after ETGHCD. During
the median 12.7-month follow-up in seven patients, the
cysts showed a 99.6% reduction with no recurrence.
Conclusions ETGHCD provided a feasible, safe, effective,
and minimal invasive alternative approach for the treat-
ment of simple hepatic cysts.

t These authors contributed equally.

Introduction

Simple hepatic cysts are common benign liver lesions, with a
prevalence ranging from 3% to 5% on endoscopic ultrasound
(EUS) to as high as 18% on computed tomography (CT). Only
about 5% of these cysts require treatment [1]. Larger lesions
may require treatment if patients present with abdominal
pain, epigastric fullness, early satiety, or other related symp-
toms [2]. However, it should be noted that attributing symp-
toms to simple cysts should be done with caution after ruling
out all other possible causes. To manage simple hepatic cysts,
it is important to correctly differentiate them from neoplasms
and infections, and then choose a reliable treatment, including
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percutaneous aspiration, aspiration followed by sclerotherapy,
or surgery [3].

Laparoscopic deroofing has become the preferred method
due to its low recurrence rate, less postoperative complica-
tions, and exact efficacy [4,5,6,7,8,9, 10]. Percutaneous pro-
cedures can provide immediate relief but are not generally re-
commended due to their high rate of recurrence and lack of his-
tological examination [11]. An open approach can handle any
conditions of hepatic cysts; however, it is rarely the first choice
due to its substantial morbidity and associated adverse events
(AEs).

The American Society of Gastroenterology recommends la-
paroscopic deroofing over aspiration and sclerotherapy for
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symptomatic simple hepatic cysts, but laparoscopic deroofing
has limitations [12]. Cysts located in the peripheral portion of
the anterolateral segments of the liver (52, S3, S5, S6, and the
inferior part of S4 in Couinaud’s classification) are suitable for
laparoscopy; however, cysts located in the posterosuperior seg-
ments (S1, S7, S8, and the superior part of S4) are considered
poor candidates for laparoscopic resection because of limited
visualization and the difficulty of controlling bleeding [13]. Nat-
ural-orifice transluminal endoscopic surgery (NOTES) is a less
invasive procedure that avoids skin incisions and related com-
plications [14]. It accesses the second space through a natural
orifice, using gastrointestinal endoscopes which can reach
areas that are inaccessible to laparoscopes. NOTES is effective
for handling cysts in the posterosuperior segments. Some re-
searchers have used NOTES technology for cystic fluid aspira-
tion and sclerotherapy [15, 16, 17]. However, it has a high rate
of recurrence and histological examination is limited, similar to
percutaneous procedures.

We developed a new method evolved from NOTES, endo-
scopic transgastric hepatic cyst deroofing (ETGHCD), which
not only can deal with cysts in posterosuperior localizations
but also allows histological examination of the cysts. We re-
ported a case using ETGHCD in which we easily achieved de-
roofing of simple hepatic cysts in 2022 [18]. The patient had a
short hospital stay, rapid recovery, and optimal short-term and
long-term effects with no complications observed after a 20-
month follow-up.ETGHCD may also be a feasible treatment
method for simple hepatic cysts. This study aimed to further in-
vestigate the safety and therapeutic value of ETGHCD for treat-
ment of simple hepatic cysts.

Patients and methods
Study design and protocol

This study was reviewed and approved by the Ethics Committee
of Shanghai General Hospital affiliated with Shanghai Jiao Tong
University School of Medicine (2022-N-25).

Patients with simple hepatic cysts admitted to Shanghai
General Hospital from June 2021 to October 2023 were eligible
forinclusion in this study. The inclusion criterion was applied to
patients with simple hepatic cysts diagnosed by abdominal CT
or magnetic resonance imaging [19] that cause discomfort to
the patient, with caution after excluding all other possible caus-
es and located in the peripheral portion of liver.

The exclusion criteria were as follows: 1) hepatic cysts con-
nected with the biliary tract, with infection or suspected malig-
nancy; 2) history of abdominal surgery; and 3) coagulation dis-
orders preoperatively and/or inability to tolerate anesthesia
with tracheal intubation.

Description of technique

Prior to the procedure, patients underwent blood routine ex-
amination, blood coagulation function tests, biochemical rou-
tine tests, and electrocardiograms. All patients fasted for at
least 6 hours. General anesthesia was administered and pa-
tients were positioned in a supine position.
The main procedure was as follows (» Fig. 1, » Video 1) [18]:
1. Active perforation of the gastric antrum: A sterile colonos-
copy (PCF-Q260]l, 3.2-mm channel diameter; Olympus, To-
kyo, Japan) specifically used for upper gastrointestinal sur-
gery in our department with a conical transparent cap
(Olympus, Tokyo, Japan) was inserted into the stomach. The
anterior wall of the gastric antrum was incised with a flush
knife (Fuji, Tokyo, Japan).
2. Precise localization of the hepatic cyst: The abdominal cavity
was explored according to preoperative imaging to locate

» Fig. 1 Endoscopic images of the endoscopic transgastric hepatic cyst deroofing (ETGHCD) procedure. a Endoscopic ultrasonography was
performed to confirm the location of the cysts. b, c Active perforation of the anterior wall of the gastric antrum. d Entering the abdominal cavity
and locating the cyst. e Finding the thinnest part of the cyst wall. f, g, h,i Puncturing cyst and cyst deroofing. j Closure of the gastric wall.
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QO VIDEO

Endoscopic trans atic cyst deroofing

for treatmer hepatic cysts

» Video 1 Video showing the endoscopic transgastric hepatic
cyst deroofing (ETGHCD) procedure.

the cysts. Endoscopic ultrasonography was performed if
necessary to confirm the location of the cysts.

3. Puncture the cyst: A 23-gauge puncture needle (Boston Sci-
entific, United States) was used to extract transparent liquid,
which was subjected to routine testing including bilirubin,
cytological examination, and bacterial culture. If colorless or
light-yellow bile-free fluid was extracted, the case was clas-
sified as a simple liver cyst and the puncture opening was
expanded for cyst fenestration. If yellow cystic fluid was ex-
tracted and suspected to connect with the biliary tract, a
contrast agent was injected for contrast examination. If the
cyst was found to be connected to the bile duct, we closed
the cyst cavity with Titanium clips. Next, we suctioned out
the fluid from the abdominal cavity and closed the gastric
wall. Then we undertook multidisciplinary discussions to
determine the most suitable treatment plan based on a pa-
tient's individual condition and had a thorough discussion
with the patient and their family.

4. Cyst deroofing: The thinnest part of the cyst was further cut
with an IT knife (Olympus, Tokyo, Japan). After aspirating the
cyst fluid with an endoscope, the cyst wall was opened and
removed in sections with a snare (Boston Scientific, United
States) at the interface with the hepatic parenchyma. The
removed cysts were sent for pathologic examination. If a
nodule was found on the cyst wall, the cyst wall nodule was
taken for biopsy. If necessary, frozen sections were sent for
examination to exclude the possibility of cancer. If there was
definite malignant change, the patient was immediately
transitioned to open surgery for cyst resection or partial he-
patectomy.

5. After removal of the cyst wall, the cyst cavity was flushed,
the vessels of the cyst wall were addressed and checked for
active bleeding and bile leakage, and the liquid in the ab-
dominal cavity was then suctioned. The gastric wall was then
closed.
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Postoperative management

Following the procedure, patients were required to fast for 48
hours. Acid inhibitors, antibiotics, and nutritional support ther-
apy were prescribed, and patients’ vital signs and abdominal
signs were closely monitored. If patients had no abdominal dis-
comfort and their vital signs remained normal 48 hour after the
procedure, a full fluid diet was provided. Blood routine and bio-
chemical tests were conducted 24 hours after the procedure.

Efficacy evaluation

The patients were followed with clinic visits and telephone calls
and underwent CT 1 month after the procedure to evaluate the
short-term efficacy and then underwent CT or US at 3- to 6-
month intervals after the procedure to detect the presence of
hepatic cyst recurrence at 6 to 24 months. Cyst volume was cal-
culated on CT or MRI by using an ellipsoid formula that multi-
plied the product of the three orthogonal diameters by 0.523
(volume =height x width x length x 0.523) [16].

Safety evaluation

Observation was performed for any AEs or complications after
the procedure, such as abdominal distension and pain, fever,
diarrhea, vomiting, bleeding, or biliary fistula.

Statistical analysis

Data are expressed as the means and standard deviation (SD) or
interquartile range (IQR) or numbers with percentages. All ana-
lyses were performed using SPSS software (version 25.0, IBM,
Armonk, New York, United States). P< 0.05 was considered sta-
tistically significant.

Results

Clinical characteristics of ETGHCD in seven patients
with simple hepatic cysts

A total of seven patients (5 males and 2 females) with a mean
age of 65.5 years (SD 8.5) were included in the study. Clinical
symptoms included epigastric fullness in six patients (85.7%)
and early satiety in two patients (28.6%). All seven patients
had multiple hepatic cysts with volumes ranging from 5.2 to
1870.2 cm?, and four patients also had renal cysts. ETGHCD
was only used to treatlarge cysts located on the surface of the
liver and it was successful in 11 cysts in seven patients. All he-
patic cysts were considered simple hepatic cysts not connected
to the bile duct, and no patients required transfer to surgery.
The clinical characteristics of ETGHCD for seven patients with
11 large simple hepatic cysts are listed in » Table 1. The mean
procedure time, defined as the time from the beginning of
endoscopy to the end of treatment, was 65.6 minutes (SD
17.2), with no intraoperative complications. Mean blood loss
was < 5mL. The mean hospital stay after the procedure was
4.4 days (SD 1.0). It is worth mentioning that the hospital stay
after the procedure for seven patients was slightly extended for
safety reasons. In fact, all seven patients were able to be dis-
charged 48 hours after the procedure based on their condition
evaluation.
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» Table2 Comparison of laboratory values before and after ETGHCD.

Pre-ETGHCD
WBC (x10°/L) 5.37+1.04
CRP (mg/L) 0.99+076
Neu% 60.16+7.23
Tbil (umol/L) 15.41+5.76
ALT (U/L) 21.81+10.72
AST (U/L) 21.69£5.13
Cyst volume (cm?3) 337.0+£528.8

Post-ETGHCD P value
9.69 £2.99 0.002*
81.00+39.69 0.000"
70.41£29.00 0.000*
24.54+12.48 0.081
32.02+21.59 0.251
30.85+15.69 0.139
5.2+6.3 <0.0001*

ETGHCD, endoscopic transgastric hepatic cyst deroofing; WBC, white blood cell; CRP, C-reactive protein; neu, neutrophils; Tbil, total bilirubin; ALT, alanine transa-

minase; AST, aspartate transaminase.
*Statistically significant.

Safety evaluation of ETGHCD

Almost none of the patients experienced any AEs or complica-
tions, except one patient had a transient fever and recovered 24
hours after the procedure. The anal exhaust time was within 24
hours, and a full fluid diet was given to all patients 48 hours
after the procedure. There was no significant difference in he-
patic function before or after ETGHCD and there was an obvious
but not serious inflammatory reaction 24 hours after the proce-
dure, which was considered a normal stress response (» Table
2). The incidence rates for fever, abdominal pain, vomiting,
post-procedure infection, delayed perforation, bleeding, dif-
fuse peritonitis, biliary fistula and other complications were
16.7%, 0%, 0%, 0%, 0%, 0%, 0%, and 0%, respectively.

Efficacy evaluation and follow-ups of ETGHCD

All seven patients treated with ETGHCD were followed up with
regular clinic visits or telephone calls. During the follow-up,
short-term efficacy was evaluated 1 month after the proce-
dure. The results suggest that the mean volume of treated he-
patic cysts was reduced from 337.0 cm? (SD 528.8) to 5.2 cm3
(SD 6.3) (P <0.000) (»Table2; » Fig. 2), which was a 98.5% re-
duction. During the median 12.7-month follow-up in seven pa-
tients, the cysts showed a 99.6% reduction, and all patients ex-
perienced symptom relief. At the latest follow-up, the mean
cyst volume was 1.45 cm? (IQR, 0-3.6 cm?) (»Fig.2). There
were no complications during or after the procedure, no recur-
rences of hepatic cyst, and no AEs were noted over the 12.7
months of follow-up (SD 7.1, IQR 2.5-24).

Discussion

This study is the first to investigate the feasibility, efficacy, and
safety of endoscopic deroofing in treating simple hepatic cysts.
After ETGHCD, the cysts showed a 99.6% reduction, and symp-
tom relief was 100% for the median 12.7-month follow-up in
seven patients. Except for one patient who had a transient fever
after the procedure, no patients had AEs. No short-term or
long-term complications occurred, indicating a high level of
safety. However, long-term follow-up is needed to assess for
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» Fig.2 Comparison of pre-procedure and post-procedure efficacy
of ETGHCD in the treatment of hepatic cysts. a Volumes of cysts
before and after ETGHCD treatment. b Imaging comparison of he-
patic cysts in left liver before and after ETGHCD. ¢ Imaging com-
parison of hepatic cysts in right liver before and after ETGHCD.

potential for recurrence. Follow-up to date results indicates no
recurrence of the cysts.

ETGHCD has an advantage over cyst aspiration or sclerother-
apy in that it allows for histological examination. The patholog-
ic diagnosis of 11 cysts showed simple hepatic cysts, which fur-
ther confirmed the diagnosis of simple cysts. Thus, ETGHCD of
symptomatic simple liver cysts seems to be a feasible and effec-
tive method, comparable to laparoscopy.

Technically, ETGHCD has several advantages over laparo-
scopic deroofing. First, gastrointestinal endoscopes are more
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flexible and better able to reach less accessible areas than la-
paroscopes, so ETGHCD can easily handle cysts in the postero-
superior segments of the liver (S1, S7, S8, and the superior part
of S4), which are considered poor candidates for laparoscopy.
In this study, we easily and successfully treated cysts located in
S1, S7 and S4a through ETGHCD, as well as cysts in S2, S3, S4b
and S5, which were also suitable for laparoscopes. Second,
ETGHCD was minimally invasive compared with laparoscopic
deroofing, with no injuries to the body surface, rapid recovery,
and less trauma. Reported AEs associated with laparoscopic fe-
nestration include wound infections, bile leak, chest infections,
subphrenic hematomas, and prolonged post-procedure drain-
age [19]. Our data showed that ETGHCD was less invasive and
associated with no AEs.

However, ETGHCD also has several disadvantages. First, visi-
bility is reduced compared with laparoscopy, and it requires an
experienced endoscopist to perform the procedure. It is impor-
tant to note that the endoscopist’s experience level can impact
the success of ETGHCD. Therefore, it is recommended that the
procedure be performed by an experienced endoscopist. Sec-
ond, laparoscopic deroofing can prevent injury to Glisson's cap-
sule by utilizing fluorescence guidance with indocyanine green,
which is currently not achievable with ETGHCD. Currently, our
endoscope cannot achieve 750 to 810 nm near-infrared light ir-
radiation to excite indocyanine green fluorescence. However,
we believe that as endoscopic technology continues to ad-
vance, it will soon be possible to realize ETGHCD assisted by in-
docyanine green fluorescence imaging technology. Third,
ETGHCD is inadequate for handling deep cysts, as is the same
for laparoscopy. Simple cysts in the deep part of the liver are of-
ten very small and grow slowly, rarely causing symptoms, so
most of them do not need to be treated [20]. For large, symp-
tomatic, deep hepatic cysts, EUS guidance or percutaneous as-
piration and sclerotherapy may be an alternative approach. In
addition, while ETGHCD does not result in any external wounds,
it does resultin a 2-cm wound inside the stomach that is closed
with clips. After the wound heals, the clips are excreted in fe-
ces, leaving a small scar in the stomach. Therefore, we pre-
scribe patients proton pump inhibitors (PPIs) for 1 months after
the procedure. During the follow-up period, none of the six pa-
tients report any stomach discomfort.

This study has some limitations, including characterization
of the new technique, retrospective design, a small cohort,
and absence of a control group. Further research is needed to
determine the long-term effectiveness of ETGHCD for treating
simple hepatic cysts. Although the results of this study are pro-
mising, a larger sample size and a control group are necessary
to confirm the effectiveness of this new approach. In addition,
more studies are needed comparing ETGHCD with other mini-
mally invasive techniques for treating simple hepatic cysts.

Furthermore, while ETGHCD has demonstrated effective-
ness in treating simple hepatic cysts, it is important to note
that not all hepatic cysts require treatment. Asymptomatic
cysts that are small and slow growing may not require interven-
tion, and observation may be a more appropriate approach. In
addition, patients with complex hepatic cysts or cysts that are
suspected to be malignant may not be good candidates for
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ETGHCD and may require more invasive procedures. Therefore,
an individualized approach is necessary for management of he-
patic cysts, taking into account various factors such as cyst size,
location, and patient comorbidities.

Conclusions

In conclusion, ETGHCD offers an additional new approach for
the management of simple hepatic cysts. It should be noted
that this study represents an initial and incomplete exploration
of the technique. While further research is needed to confirm
its effectiveness and long-term outcomes, ETGHCD has dem-
onstrated a high leel of safety and efficacy in the short term.
As this technique continues to be refined and more data be-
come available, it has the potential to become a standard of
care for the treatment of symptomatic simple hepatic cysts.
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