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Abstract: Background: While the current guidelines recommend laparoscopic deroofing for symp-
tomatic simple liver cysts, percutaneous drainage may serve as a less invasive alternative method. In
this study, the treatment effects of percutaneous drainage with or without sclerotherapy for symp-
tomatic simple liver cysts were evaluated. Methods: Between April 2016 and March 2021, 79 patients
who initially required hospitalization due to symptomatic simple liver cysts were enrolled in this
multicenter retrospective study. They were treated percutaneously with or without sclerotherapy.
The factors associated with symptom recurrence, clinical course and prognosis were investigated.
Results: Of the 79 patients treated percutaneously, 11 (13.9%) had symptom recurrence due to liver
cysts during the observation period. The maximum diameter of liver cysts at baseline was the only
significant factor for the recurrence of these symptoms (p = 0.004). In a receiver operating charac-
teristics analysis, the cut-off of the diameter for symptom recurrence was 16.5 cm. No additional
effect of sclerotherapy on drainage was demonstrated in patients with a cyst diameter of <16.5 cm,
and in patients with a cyst diameter of ≥16.5 cm, the cumulative recurrence rates of symptoms were
significantly lower in the patients treated via sclerotherapy with 5% ethanolamine oleate or with
minocycline hydrochloride than in those treated with drainage alone or via sclerotherapy with abso-
lute ethanol. No problematic adverse effects were observed of sclerotherapy. Conclusions: Drainage
with sclerotherapy with 5% ethanolamine oleate or minocycline hydrochloride was an effective and
safe treatment for patients whose liver cysts had a maximum diameter of ≥16.5 cm. Considering
both its efficacy and safety, sclerotherapy with either of these agents is recommended for patients
with a maximum liver cyst diameter of ≥16.5 cm.

Keywords: symptomatic liver cyst; sclerotherapy; ethanolamine oleate; minocycline; absolute ethanol

1. Introduction

Simple liver cysts (SHCs) are the most commonly diagnosed benign liver lesions and
are found in 18% of the general population upon abdominal computed tomography (CT)
for unrelated pathologies [1–3]. Simple liver cysts arise congenitally from aberrant bile duct
cells and contain a clear, bile-like fluid [4,5]. Because bile duct epithelium covers the inner
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lining of a simple cyst, it is hypothesized that SHCs arise during embryogenesis when
intrahepatic ductules fail to connect to extrahepatic ducts [6,7].

Although almost all cases with SHCs are asymptomatic and not problematic, larger
cases with SHCs sometimes show symptoms such as abdominal fullness and need treat-
ment. While the efficacy of surgical treatments such as open or laparoscopic deroofing is
excellent, percutaneous drainage with or without sclerotherapy for symptomatic SHCs has
been reported as a minimally invasive method [8]. However, the selection of treatment
for symptomatic SHCs differs among facilities, and a standard treatment has not been
established. Thus, the treatment policy is usually dependent on the judgment of each
institution and the attending physician in such cases. Given the above, we performed the
present study to clarify the clinical features of symptomatic SHCs and the difference in the
prognosis depending on the treatment method in a real-world setting.

2. Results
2.1. Patient Characteristics upon Initial Treatment

This study enrolled a total of 79 patients from six medical institutions, including
20 males and 59 females, with a median age of 70 (64–80) years. No cases of acquired liver
cysts, such as parasitic cysts, hydatid cysts, amebic abscess, pyogenic liver abscess, false
cysts (traumatic intrahepatic hemorrhaging, intrahepatic infarction, intrahepatic biloma)
and neoplastic cysts, were included in this study.

The baseline characteristics of the enrolled patients are shown in Table 1. The age,
the rate of male sex (p = 0.01), the rate of infection of liver cysts (p < 0.001) and ALT levels
(p = 0.002) were significantly higher in the patients treated with percutaneous drainage
alone than in those treated via percutaneous drainage with sclerotherapy. The prothrombin
time activity (p = 0.021) and albumin levels (p = 0.002) were significantly lower in the
patients treated with percutaneous drainage alone than in those treated via drainage with
sclerotherapy.

In terms of treatment selection, 24 patients underwent drainage alone, while 55 patients
underwent drainage with sclerotherapy. The drainage volume of the liver cysts varied
based on the size of the cysts. The maximum volume of the discharged fluid sometimes
reached nearly 4000 mL, but natural discharge over approximately 1 to 2 h, without forcible
negative pressure, did not adversely affect vital signs. Among the 55 patients treated
with drainage and sclerotherapy, 29 were treated with MCH, 15 with EO, and 11 with AE
(Table 2).

Among the 29 patients treated with MCH, 27 received the agent after the placement
of a pigtail catheter in the liver cyst with immediate drainage, aiming for a total cyst
volume of nearly 3000 mL. Patients primarily underwent sclerotherapy with 500 mg of
MCH dissolved in 10 mL of saline, either administered once on the day of drainage or for
three consecutive days starting from the day of drainage. MCH was discarded after a 1 h
series of postural changes (supine, prone and left and right lateral positions for 15 min
each), and the catheter was removed on the day of the last MCH administration. On the
other hand, the two patients in which a pigtail catheter was not used received 500 mg of
MCH dissolved in 10 mL of saline immediately after drainage, aiming for the total removal
of the liver cyst contents using an 18-gauge percutaneous transhepatic aspiration needle. In
both of these cases, neither postural changes nor the drainage of MCH dissolved in saline
was performed, and the aspiration needle was removed immediately after administering
the sclerosing agent. The drainage time for these procedures was approximately 30 min.
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Table 1. Baseline characteristics of the study patients upon the first hospitalization.

All Cases (n = 79) Drainage Alone (n = 24) Drainage with
Sclerotherapy (n = 55) p

Age (years) 70 (64–80) 75 (67–83) 69 (62–79) 0.049
Male, n (%) 20 (25.3) 11 (45.8) 9 (16.4) 0.01
Complication with renal cysts, n (%) 34 (43.0) 12 (50) 22 (40) 0.46
Number of liver cysts, n (%)

<5 32 (40.5) 8 (33.3) 24 (43.6)
0.585–10 21 (26.6) 6 (25) 15 (27.3)

>10 26 (32.9) 10 (41.7) 16 (29.1)
Maximum diameter of liver cysts (cm) 13.1 (10.0–17.8) 12.6 (8.8–18.1) 13.1 (10.3–16.9) 0.61
Symptoms, n (%)

Poor nutrition status with BMI < 18.5 kg/m2 3 (3.8) 0 (0) 3 (5.5) 0.55
Appetite loss 16 (20.2) 6 (25) 10 (18.2) 0.55
Abdominal distension 35 (44.3) 8 (33.3) 27 (49.1) 0.23
Ascites 8 (10.1) 4 (16.7) 4 (7.3) 0.24
Infection of liver cysts 23 (29.1) 15 (62.5) 8 (14.5) <0.001

ECOG PS, n (%)

0/1/2/3/4 61 (77.2)/9 (11.4)/
5 (6.3)/1 (1.3)/3 (3.8)

15 (62.5)/4 (16.7)/2 (8.3)/
1 (4.2)/2 (8.3)

46 (83.6)/5 (9.1)/3 (5.5)/
0 (0)/1 (1.8) 0.13

Platelet count (×109/L) 207 (166–275) 243 (171–298) 204 (166–242) 0.12
PT (%) 91.4 (78.3–101.0) 83.9 (62.6–94.0) 93.0 (82.0–101.0) 0.021
Albumin (g/dL) 3.8 (3.2–4.2) 3.4 (2.3–3.9) 3.9 (3.5–4.3) 0.002
T-Bil (mg/dL) 0.8 (0.7–1.2) 0.9 (0.7–1.5) 0.8 (0.7–1.1) 0.33
ALT (IU/L) 20 (15–37) 35 (20–64) 18 (12–23) 0.002
Creatinine (mg/dL) 0.7 (0.6–0.8) 0.7 (0.5–1.0) 0.7 (0.6–0.8) 0.79

ALT, alanine aminotransferase; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status; PT, prothrombin time; T-Bil, total bilirubin.

Table 2. Baseline characteristics of the patients treated via drainage with sclerotherapy (n = 55).

Minocycline
Hydrochloride (n = 29)

Ethanolamine Oleate
(n = 15)

Absolute Ethanol
(n = 11) p

Age (years) 70 (65–80) 64 (60–73) 69 (63–80) 0.32
Male, n (%) 4 (13.8) 1 (6.7) 4 (36.4) 0.14
Complication with renal cysts, n (%) 10 (34.5) 8 (53.3) 4 (36.4) 0.47
Number of liver cysts, n (%)

<5 13 (44.8) 5 (33.3) 6 (54.5)
0.835–10 7 (24.1) 5 (33.3) 3 (27.3)

>10 9 (31.0) 5 (33.3) 2 (18.2)
Maximum diameter of liver cysts (cm) 13.1 (11.6–16.5) 13.8 (10.8–19.2) 12.0 (10.0–18.0) 0.9
Symptoms, n (%)

Poor nutrition status with BMI < 18.5 kg/m2 2 (6.9) 1 (6.7) 0 (0) 1
Appetite loss 5 (17.2) 2 (13.3) 3 (27.3) 0.72
Abdominal distension 14 (48.3) 8 (53.3) 5 (45.5) 1
Ascites 3 (10.3) 1 (6.7) 0 (0) 0.8
Infection of liver cysts 6 (20.7) 0 (0) 2 (18.2) 0.15

ECOG PS, n (%)

0/1/2/3/4 24 (82.8)/2 (6.9)/
2 (6.9)/0 (0)/1 (3.4)

13 (86.7)/2 (13.3)/
0 (0)/0 (0)/0 (0)

9 (81.8)/1 (9.1)/
1 (9.1)/0 (0)/0 (0) 0.92

Platelet count (×109/L) 204 (166–229) 196 (181–263) 208 (158–238) 0.91
PT (%) 95.5 (78.7–107.5) 93 (87.7–100.8) 85.6 (80.5–99.4) 0.72
Albumin (g/dL) 4.0 (3.7–4.4) 3.9 (3.5–4.2) 3.7 (3.2–4.1) 0.14
T-Bil (mg/dL) 0.8 (0.7–1.0) 0.7 (0.6–0.9) 1.1 (0.8–1.4) 0.1
ALT (IU/L) 17 (12–21) 18 (15–22) 22 (14–43) 0.29
Creatinine (mg/dL) 0.7 (0.6–0.8) 0.7 (0.6–0.8) 0.7 (0.6–0.9) 0.9

ALT, alanine aminotransferase; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status; PT, prothrombin time; T-Bil, total bilirubin.

All 15 patients treated with EO received the agent after the placement of a pigtail
catheter and immediate drainage, aiming for the complete removal of the liver cyst contents.
Among these patients, 10 were treated with 40 mL, 4 with 100 mL, and 1 with 20 mL of EO.
Similar to the procedure with MCH, EO was discarded through a pigtail catheter, and the
catheter was removed after a 1 h series of postural changes.
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Eleven patients treated with AE also received the agent after the placement of a pigtail
catheter and immediate drainage, aiming for the complete removal of the liver cyst contents.
These patients were treated with 10–60 mL of AE. Thirty minutes later, AE was discarded
through a pigtail catheter without postural changes, aimed at minimizing AE absorption
and preventing alcohol intoxication. The catheter was then immediately removed.

2.2. Factors Associated with Recurrence of Symptoms Due to Liver Cysts in Patients Treated via
the Percutaneous Approach

The observation period for the patients was 282 (82–631) days, and 11 patients (13.9%)
had symptom recurrence due to the re-progression of liver cysts during that period. In
the univariate analysis, only the maximum diameter of liver cysts at the baseline was a
significant predictive factor for symptom recurrence (p = 0.004). No significant differences
were seen in the age, sex, rate of complication with renal cysts, number of liver cysts, ECOG
PS, platelet count, PT activity, symptoms at baseline, or albumin, T-Bil, ALT or Cr levels.
In addition, the multivariate analysis identified the maximum diameter of liver cysts as
a statistically significant predictive factor for symptom recurrence (odds ratio: 1.21, 95%
confidence interval: 1.06–1.38, p = 0.005) (Table 3). In the ROC analysis, the cut-off of
the maximum diameter of liver cysts at baseline for symptom recurrence due to liver cyst
re-progression was 16.5 cm (sensitivity: 0.73, specificity: 0.76, positive predictive value: 0.33,
negative predictive value: 0.95, diagnostic accuracy: 0.76). The area under the curve was
0.77 (95% confidence interval: 0.6–0.94) (Figure 2). In the patients with a maximum liver
cyst diameter of ≥16.5 cm, the cumulative recurrence rates at 1, 3 and 4 years were 27.6%,
48.3% and 48.3%, respectively (Figure 1). Furthermore, in the patients with a maximum
liver cyst diameter of <16.5 cm, the cumulative recurrence rates at 1, 3 and 4 years were
5.4%, 10.5% and 10.5%, respectively. A significant difference in the cumulative recurrence
rates of symptoms was demonstrated between the patients with a maximum liver cyst
diameter of ≥16.5 cm versus <16.5 cm (p = 0.005).
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0.73, specificity: 0.76, positive predictive value: 0.33, negative predictive value: 0.95, diagnostic ac-
curacy: 0.76). The area under the curve was 0.77 (95% confidence interval: 0.6–0.94). 

 
Figure 1. The cumulative recurrence rates of symptoms due to liver cysts after percutaneous drainage
with or without sclerotherapy, classified by the cut-off of the maximum liver cyst diameter. A
significant difference in these rates was demonstrated between the patients with a maximum liver
cyst diameter of ≥16.5 cm and those with a maximum diameter of <16.5 cm (p = 0.005).
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Figure 2. Results of receiver operating characteristics analysis regarding the maximum liver cyst
diameter at baseline for symptom recurrence due to liver cyst re-progression after percutaneous
drainage. According to the Youden index, the best cut-off of that diameter was 16.5 cm (sensitivity:
0.73, specificity: 0.76, positive predictive value: 0.33, negative predictive value: 0.95, diagnostic
accuracy: 0.76). The area under the curve was 0.77 (95% confidence interval: 0.6–0.94).

Table 3. The factors associated with symptom recurrence due to liver cyst re-progression (n = 79).

Univariate
Analysis Multivariate Analysis

Recurrence (−)
(n = 68)

Recurrence (+)
(n = 11) p

Odds Ratio
(95% Confidence

Interval)
p

Age (years) 70 (64–79) 80 (66–86) 0.3
Male, n (%) 16 (23.5) 4 (36.4) 0.46
Complication with renal cysts, n (%) 30 (44.1) 4 (36.4) 0.75
Number of liver cysts, n (%)

<5 26 (38.2) 6 (54.5)
0.425–10 20 (29.4) 1 (9.1)

>10 22 (32.4) 4 (36.4)
Maximum diameter of liver cysts (cm) 12.0 (9.8–16.0) 19.7 (15.0–21.5) 0.004 1.21 (1.06–1.38) 0.005
Symptoms, n (%)

Poor nutrition status with BMI < 18.5 kg/m2 3 (4.4) 0 (0) 1
Appetite loss 13 (19.1) 3 (27.3) 0.69
Abdominal distension 29 (42.6) 6 (54.5) 0.52
Ascites 8 (11.8) 0 (0) 0.59
Infection of liver cysts 20 (29.4) 3 (27.3) 1

ECOG PS 0 (0–0) 0 (0–1) 0.29
Treatment methods

Drainage alone 21 (30.9) 3 (27.3)

0.57
Drainage and injection of absolute ethanol 8 (11.8) 3 (27.3)
Drainage and injection of 5% ethanolamine oleate 14 (20.6) 1 (9.1)
Drainage and injection of minocycline

hydrochloride 25 (36.8) 4 (36.4)

Platelet count (×109/L) 208 (173–280) 146 (134–234) 0.099
PT (%) 92.0 (81.0–101.0) 85.6 (64.8–92.3) 0.16
Albumin (g/dL) 3.9 (3.4–4.2) 3.0 (2.6–3.9) 0.12
T-Bil (mg/dL) 0.8 (0.6–1.2) 1.0 (0.8–1.6) 0.11
ALT (IU/L) 19 (15–35) 23 (14–54) 0.44
Creatinine (mg/dL) 0.7 (0.6–0.8) 0.7 (0.5–0.9) 0.42

ALT, alanine aminotransferase; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status; PT, prothrombin; T-Bil, total bilirubin.
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2.3. Impact of Sclerosing Agents on Cumulative Recurrence Rates of Symptoms Due to Liver Cysts
in Patients Treated via the Percutaneous Approach

The cumulative recurrence rates of symptoms due to liver cyst re-progression in
patients treated with percutaneous cyst drainage alone at 1, 3 and 4 years were 0%, 23.2%
and 23.2%, respectively (Figure 3). These rates in patients treated via percutaneous drainage
with sclerotherapy using AE at 1 and 2 years were both 52.4%. In addition, these rates
in the patient treated via percutaneous drainage with sclerotherapy using EO at 1, 3 and
4 years were all 14.2%. Furthermore, these rates using MCH at 1, 3 and 4 years were
12.7%, 20% and 20%, respectively. Although no significant differences in the cumulative
recurrence rates of the symptoms due to liver cysts among the four treatment groups
were statistically demonstrated (p = 0.13), the recurrence rates seemed to be higher in the
patients treated via drainage with sclerotherapy using AE than in those receiving other
percutaneous treatments.
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Figure 3. The cumulative recurrence rates of the symptoms due to liver cysts after percuta-
neous drainage with or without sclerotherapy, classified by treatment method, such as drainage
alone, drainage with sclerotherapy using absolute ethanol, drainage with sclerotherapy using 5%
ethanolamine oleate and drainage with sclerotherapy using minocycline hydrochloride. Although no
significant differences in the cumulative recurrence rates of these symptoms among these 4 groups
were statistically demonstrated (p = 0.13), the rates were higher in the patients treated via drainage
with sclerotherapy using absolute ethanol than in those receiving other percutaneous treatments.

2.4. Impact of Sclerosing Agents on Cumulative Recurrence Rates of Symptoms Due to Liver Cysts
in Patients with a Maximum Liver Cyst Diameter of <16.5 cm

Of the 79 patients, 55 had a maximum liver cyst diameter of <16.5 cm at baseline, and
the effects of the sclerosing agents were analyzed in these 55 patients. The cumulative
recurrence rates of symptoms due to liver cyst re-progression in the patients treated with
percutaneous cyst drainage alone at 1, 3 and 4 years, these rates in the patients treated via
percutaneous drainage with sclerotherapy using AE at 1 and 2 years and these rates in the
patients treated via percutaneous drainage with sclerotherapy using EO at 1, 3 and 4 years
were all 0% (Figure 4A). Although these rates in the patients treated via percutaneous
drainage with sclerotherapy using MCH at 1, 3 and 4 years were 12.8%, 22.5% and 22.5%,
respectively, no significant differences in the cumulative recurrence rates of the symptoms
due to liver cysts among these four groups were shown (p = 0.27).
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Figure 4. A comparison of the cumulative recurrence rates of symptoms due to liver cysts after
percutaneous drainage with or without sclerotherapy, classified by treatment method, in patients
with a maximum liver cyst diameter of <16.5 cm (A) and ≥16.5 cm (B). No significant differences in
the rates of these symptoms among the 4 groups are statistically demonstrated in (A) (p = 0.27). In
contrast, significant differences in the rates of these symptoms among the 4 groups are statistically
demonstrated in (B) (p = 0.002).

2.5. Impact of Sclerosing Agents on Cumulative Recurrence Rates of Symptoms Due to Liver Cysts
in the Patients with a Maximum Liver Cyst Diameter of ≥16.5 cm

Of the 79, the remaining 24 had a maximum liver cyst diameter of ≥16.5 cm at baseline.
The cumulative recurrence rates of the symptoms due to liver cyst re-progression in the
patients treated with percutaneous cyst drainage alone at 1, 3 and 4 years were 0%, 66.7%
and 66.7%, respectively (Figure 4B). These rates in the patients treated via percutaneous
drainage with sclerotherapy using AE at 1 year were 100%; these rates in the patients treated
via percutaneous drainage with sclerotherapy using EO at 1, 2 and 3 years were all 20%; and
these rates in the patients treated via percutaneous drainage with sclerotherapy using MCH
at 1, 3 and 4 years were all 12.5%. Significant differences in the cumulative recurrence rates
of the symptoms due to liver cysts among these four groups were statistically demonstrated
(p = 0.002).

2.6. Demonstrable Cases
2.6.1. Case 1

A male in his early 90s was examined by CT due to abdominal distension and diag-
nosed with SHCs with a maximum diameter of 26 cm (Figure 5A). Despite treatment with
percutaneous drainage with sclerotherapy using 50 mL of AE, his symptoms recurred, and
the SHCs redeveloped to approximately the same size only 2 months after the treatment
(Figure 5B).
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Figure 5. (A) The findings of computed tomography before and after percutaneous treatments of liver
cysts in the demonstrable cases. In case 1, symptomatic liver cysts with a maximum diameter of 26 cm
were confirmed. (B) Despite treatment with drainage and sclerotherapy using 50 mL of absolute
ethanol, the liver cyst redeveloped to approximately the same size, and the symptoms recurred just
2 months after treatment. (C) In case 2, symptomatic liver cysts with a maximum diameter of 20 cm
were confirmed (arrow). (D) At 1 year and 3 months after treatment with drainage with sclerotherapy
using 100 mL of 5% ethanolamine oleate, the target liver cyst remained smaller than before the
treatment (arrow), and symptoms due to liver cysts did not recur. (E) In case 3, symptomatic liver
cysts with a maximum diameter of 17 cm were confirmed (arrow). (F) At 7 months after treatment
with drainage with sclerotherapy using 500 mf of minocycline hydrochloride dissolved in 10 mL of
saline, the target liver cyst remained smaller than before the treatment (arrow), and symptoms due to
liver cysts did not recur.

2.6.2. Case 2

A female in her late 60s was examined by CT due to right upper abdominal pain
and diagnosed with SHCs with a maximum diameter of 20 cm (Figure 5C). She was
treated via percutaneous drainage with sclerotherapy using 100 mL of EO. At one year and
three months after the treatment, she had no symptom recurrence. On CT, the maximum
diameter of the treated liver cysts was 12 cm and remained smaller than before the treatment
(Figure 5D).

2.6.3. Case 3

A female in her late 60s was examined by CT due to abdominal distension and
diagnosed with SHCs with a maximum diameter of 17 cm (Figure 5E). She was treated via
percutaneous drainage with sclerotherapy using 500 mg of MCH dissolved in 10 mL of
saline. At seven months after the treatment, she had no recurrence of the symptoms. On
CT, the maximum diameter of the treated liver cyst was 6 cm and remained smaller than
before the treatment (Figure 5F).
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2.7. Adverse Events and the Morbid Cases in the Present Study

No cases with severe complications associated with the treatments were reported in
this study. Although two patients died during the observation period due to pancreatic
carcinoma and congestive heart failure (one each), these causes of death were not related to
the liver cysts themselves or the treatments thereof.

3. Discussion

This study investigated symptom recurrence due to liver cyst re-progression and
demonstrated that the cut-off level of the maximum liver cyst diameter at baseline had
excellent negative predictive value for recurrence after percutaneous treatments. In our
present study, the age of the patients treated with drainage alone was higher than that
of the patients treated via drainage with sclerotherapy. We presumed that many elderly
patients had been treated with drainage alone in order to avoid adverse events due to
sclerotherapy.

In addition, the albumin level was significantly lower in the patients treated with
drainage alone than in those treated via drainage with sclerotherapy. In contrast, the rate
of infection of liver cysts and ALT level were significantly higher in the patients treated
with drainage alone than in those treated via drainage with sclerotherapy (Table 1). In
the patients whose liver cysts were infected, sclerotherapy seemed to be avoided due to
concerns about the exacerbation of intra-cystic inflammation. Because the development of
liver cyst infection following sclerotherapy has been reported [9,10], the use of sclerosing
agents may be avoided by the physician.

The present study revealed that few patients had a single SHC, and 47 of the 79 pa-
tients (59.4%) treated with percutaneous treatment had ≥5 liver cysts, while 34 (43.0%)
were complicated by renal cysts. Treatment failure in cases with percutaneous liver cyst
sclerotherapy may be due to the instillation of an insufficient amount of sclerosing agent or
by insufficient exposure of the cyst lining to the sclerosing agent, especially in cases with
large liver cysts [11]. In our study, the maximum diameter of the liver cysts at baseline was
also the only significant factor predicting symptom recurrence due to liver cysts. Symptoms
due to liver cysts may recur after treatment in patients with a maximum liver cyst diameter
of ≥16.5 cm. In contrast, most patients with a maximum liver cyst diameter of <16.5 cm
did not show recurrence of symptoms due to liver cysts. Given these findings, the cut-off
of 16.5 cm for the maximum liver cyst diameter at baseline was considered useful for
excluding cases likely to show symptom recurrence after percutaneous treatment.

In the analysis for the therapeutic effect of each percutaneous treatment method in the
79 total patients and the 55 patients with a maximum liver cyst diameter of <16.5 cm, no
significant differences were demonstrated in the cumulative recurrence rates of symptoms
due to liver cyst re-progression between the patients treated with drainage alone and
those with additional sclerotherapy. It was reported that although re-progression of liver
cysts occurred in all patients treated with drainage alone, the recurrence of symptoms
due to liver cysts did not necessarily occur in all patients [12]. In our study, none of the
patients with a maximum liver cyst diameter of <16.5 cm had recurrence of symptoms due
to liver cysts, even among those treated with drainage alone. Since treatment success is
defined by symptom relief and not by a reduction in the volume of liver cysts [13], the
effect of drainage alone was sufficient, and the additional effect of sclerotherapy could not
be demonstrated.

In contrast, in the patients with a maximum liver cyst diameter of ≥16.5 cm, the
recurrence rates were significantly higher in the patients treated with drainage alone and
those treated with sclerotherapy using AE than in those treated with sclerotherapy using
EO or MCH. In the patients with a maximum liver cyst diameter of ≥16.5 cm, drainage
alone was apparently insufficient, and additional sclerotherapy was necessary. Although
drainage with sclerotherapy has been possible with some substances without clear evidence
of the superiority of any one agent [13], EO is reportedly more effective than alcohol at
destroying the epithelium of liver cysts, and exposure to EO leads to cytolysis followed
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by thrombogenesis [14]. In addition, EO functions as a cytolytic agent owing to its anionic
surfactant properties that bring about a change in cellular permeability [15]. Similarly,
MCH has been also reported to have an extremely low pH in solution, which causes the
cyst wall cells to react, leading to fibrosis and adhesion of the walls [16]. Although the most
frequently used sclerosing agent thus far has probably been AE, this agent has a number of
drawbacks [17]. In addition to common complications, such as immediate burning pain and
a fever, reports of an increase in blood alcohol concentration are frequent, and the alcohol
can filter through the cyst wall and end up in the bloodstream [17]. In some cases, these
values are particularly high, with patients suffering from alcohol poisoning [18]. Consider-
ing both its efficacy and safety, sclerotherapy using EO or MCH should be recommended
for patients with a maximum liver cyst diameter of ≥16.5 cm.

It has been reported that the rate of persistent symptoms due to SHCs is slightly higher
after percutaneous drainage with sclerotherapy compared to laparoscopic cyst deroofing
(3.5% vs. 2.1%, respectively) [8]. However, this difference is small, and given the suggestion
that percutaneous drainage with sclerotherapy may be associated with a lower incidence of
complications than laparoscopic or open surgical treatment [19], we believe that drainage
with sclerotherapy could be selected as the first-line treatment, especially in high-risk
patients such as the elderly. Additionally, future prospective studies may focus on the
outcomes of a step-up approach for SHCs, reserving laparoscopic cyst deroofing for patients
with symptomatic recurrence of SHCs after one or two percutaneous sclerotherapies [8].

The cumulative recurrence rate of symptoms in our study appeared to be higher
compared to the previously mentioned report [8]. Our study included 24 patients (30.4%)
with a liver cyst diameter of ≥16.5 cm, which was the cutoff for symptom recurrence, and
among them, 12 patients (15.2%) had SHCs with a diameter of ≥20 cm. While the exact
reason for this difference is unclear, the inclusion of a significant number of patients with
large-sized SHCs may be one contributing factor to the higher recurrence rate in our study.

Several limitations associated with the present study warrant mention. In particular,
the retrospective nature of the analysis is considered a primary limitation in our study due
to the potential bias introduced by the selection of treatment methods by each attending
physician. Our study failed to show any significant difference in efficacy between EO and
MCH. The use of sclerosing agents for liver cysts has not been approved by the Japanese
insurance system, resulting in this approach being quite expensive to perform, especially
for EO. In two of the six affiliated institutions, although EO was selected as the first choice
and was administered at a volume of 10% of the liver cyst aspiration contents, as previously
suggested [15], in principle, the maximum dosage of this sclerosing agent was determined
to be 100 mL at one institution and 40 mL at another. Thus, the EO dosage may have been
insufficient in patients with large liver cyst contents. If the optimum dosage of EO could
have been administered, the efficacy of EO might have been improved. Furthermore, since
this study was limited to patients who had been admitted within the past five years, the
analysis of the long-term prognosis of liver cysts was insufficient. Therefore, large-scale,
longer-term, prospective studies are needed.

4. Patients and Methods
4.1. Patients

We included patients who required initial hospitalization due to symptomatic simple
hepatic cysts (SHCs) and received percutaneous treatments at six affiliated hospitals be-
tween April 2016 and March 2021 in this retrospective study. We confirmed that none of
them were complicated with malignant diseases, human immunodeficiency virus infection
or other liver diseases (e.g., hepatitis B, hepatitis C, alcoholic cirrhosis, liver cirrhosis due
to non-alcoholic fatty liver disease, autoimmune hepatitis, primary biliary cholangitis, pri-
mary sclerosing cholangitis, congestive cirrhosis, hemochromatosis and Wilson’s disease).
The diagnosis of SHCs was based on the findings of abdominal ultrasonography (US),
contrast-enhanced CT or magnetic resonance imaging (MRI) and was confirmed by by
board-certified radiologists.
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4.2. Demographics, Laboratory Data and Study Endpoints

The demographic data upon the first hospitalization, such as age, sex, complication
with renal cysts, number and maximum diameter of liver cysts, symptoms due to liver cysts
(poor nutritional state with a body mass index (BMI) < 18.5 kg/m2, appetite loss, abdominal
distension, ascites, infection of liver cysts), Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS), and treatment methods (drainage, drainage with sclerotherapy),
as well as the laboratory data upon the first hospitalization, including the platelet count,
prothrombin (PT) activity, albumin, total bilirubin (T-Bil), alanine aminotransferase (ALT)
and creatinine (Cr) levels, were included as baseline data.

We then investigated the date of symptom recurrence due to liver cyst re-progression
and that of the last survival confirmation. The recurrence of symptoms due to a liver cyst
was diagnosed based on imaging findings, abdominal findings and the relief of symp-
toms following additional treatment. In addition, the factors associated with symptom
recurrence were analyzed in the patients. We also investigated whether or not the cumu-
lative recurrence rates of symptoms differed depending on drainage alone or the use of
sclerosants.

4.3. Methods of Administering Each Sclerosing Agent to Liver Cysts

As this study was conducted retrospectively, a precise protocol for each drainage
method with a sclerosing agent could not be established. In practice, the selection and
dosage of the sclerosing agent were determined by each attending physician, taking into
consideration the diameter of the liver cyst and the performance status (PS) of each patient.

Primarily, absolute ethanol (AE) was utilized for patients in good condition due to its
potency, while minocycline hydrochloride (MCH) was administered as a milder irritant for
those with poor risk factors or older patients. For patients falling between the criteria for
receiving AE and MCH, 5% ethanolamine oleate (EO) was employed. It is important to
note that this strategy for selecting a sclerosing agent was not universally applicable and
was at times flexibly employed.

4.4. Ethical Considerations

This study was approved by the institutional review board at each affiliated hospital,
and the need for written informed consent was waived because of the retrospective nature
of the study. In addition, this study complied with the Ethical Guidelines for Medical and
Health Research Involving Human Subjects in Japan.

4.5. Statistical Analyses

Continuous variables were expressed as the median (interquartile range) and analyzed
using the Mann–Whitney U test or Kruskal–Wallis analysis as nonparametric and unpaired
analyses. Post hoc analyses for these variables were performed using the Steel-Dwass
method. Categorical variables were analyzed using Fisher’s exact test, and post hoc
analyses were performed using the Bonferroni method. The cut-off values of continuous
variable were determined by a receiver operating characteristic (ROC) analysis. The
cumulative incidence rates were determined, and the differences among groups were
assessed using the Gray test. A multivariate logistic regression analysis was conducted.

All statistical analyses were performed using EZR version 1.55 (Saitama Medical
Center, Jichi Medical University, Saitama, Japan) [9].

5. Conclusions

The maximum liver cyst diameter was the only predictive factor of symptom recur-
rence due to liver cysts after percutaneous drainage. In patients with a maximum liver cyst
diameter of ≥16.5 cm, not only drainage but also sclerotherapy with EO or MCH should
be administered. Drainage with sclerotherapy with EO or MCH was an effective and safe
treatment for patients whose liver cysts had a maximum diameter of ≥16.5 cm. Considering
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both its efficacy and safety, sclerotherapy using EO or MCH should be recommended for
patients with a maximum liver cyst diameter of ≥16.5 cm.
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