Journal of
Personalized
Medicine

Article

The Safety and Efficacy of Hepatic Transarterial Embolization
Using Microspheres and Microcoils in Patients with
Symptomatic Polycystic Liver Disease

Alexis Coussy 1, Eva Jambon !, Yann Le Bras !, Christian Combe 2, Laurence Chiche 3, Nicolas Grenier

and Clément Marcelin 1-*

check for
updates

Citation: Coussy, A.; Jambon, E.; Le
Bras, Y.; Combe, C.; Chiche, L.;
Grenier, N.; Marcelin, C. The Safety
and Efficacy of Hepatic Transarterial
Embolization Using Microspheres
and Microcoils in Patients with
Symptomatic Polycystic Liver
Disease. J. Pers. Med. 2022, 12, 1624.
https://doi.org/10.3390/
jpm12101624

Academic Editor: Julien Frandon

Received: 8 August 2022
Accepted: 11 September 2022
Published: 1 October 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1

Department of Radiology, Pellegrin Hospital, Place Amélie Raba Léon, 33076 Bordeaux, France
Departement of Nephrology, Pellegrin Hospital, Place Amélie Raba Léon, 33076 Bordeaux, France
Department of Digestive surgery, Haut Leveque, 33076 Bordeaux, France

*  Correspondence: clement.marcelin@gmail.com; Tel.: +33-556-795-599; Fax: +33-557-821-650

@ ON =

Abstract: Purpose: We investigated the long-term safety and efficacy of hepatic transarterial em-
bolization (TAE) in patients with symptomatic polycystic liver disease (PLD). Materials and Methods:
A total of 26 patients were included, mean age of 52.3 years (range: 33-78 years), undergoing 32 TAE
procedures between January 2012 and December 2019 were included in this retrospective study. Distal
embolization of the segmental hepatic artery was performed with 300-500 um embolic microspheres
associated with proximal embolization using microcoils. The primary endpoint was clinical efficacy,
defined by an improvement in health-related quality of life using a modified Short Form-36 Health
Survey and improvement in symptoms (digestive or respiratory symptoms and chronic abdominal
pain), without invasive therapy during the follow-up period. Secondary endpoints were a decrease
in total liver volume and treated liver volume and complications. Results: Hepatic embolization was
performed successfully in 30 of 32 procedures with no major adverse events. Clinical efficacy was
73% (19/26). The mean reduction in hepatic volume was —12.6% at 3 months and —27.8% at the last
follow-up 51 +£ 15.2 months after TAE (range: 30-81 months; both ps < 0.01). The mean visual analog
scale pain score was 5.4 £ 2.8 before TAE and decreased to 2.7 £ 1.9 after treatment. Three patients
had minor adverse events, and one patient had an adverse event of moderate severity. Conclusion:
Hepatic embolization using microspheres and microcoils is a safe and effective treatment for PLD
that improves symptoms and reduces the volume of hepatic cysts.

Keywords: embolization; polycystic liver disease; safety; efficacy

1. Introduction

Polycystic liver disease (PLD) is a group of genetic disorders that manifest as the
progressive development of multiple cysts in the liver parenchyma [1,2]. Autosomal
dominant polycystic kidney disease (ADPKD) is the most frequent cause of PLD (80%), liver
cysts being the most common extrarenal manifestation [3]. Autosomal dominant polycystic
liver disease (ADPLD) is a separate entity with two different mutations, responsible for
20% of PLD, with a cystic disease restricted to the liver [4]. Molecular genetic testing is
available to look for mutations in the SEC63, LRP5, PRKCS, GANAB, ALGS8, SEC61B PKD1,
PKD2, and PKHD1.

Gigot classification is now commonly used to define severity in PLD [5]. Type L is
defined by the presence of less than 10 large hepatic cysts measuring more than 10 cm in
maximum diameter. Type Il is defined by a diffuse involvement of liver parenchyma by
multiple cysts with remaining large areas of non-cystic liver parenchyma. Type Il is defined
by presence of diffuse involvement of liver parenchyma by small- and medium-sized liver
cysts with only a few areas of normal liver parenchyma. Cyst puncture, sclerotherapy, or
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fenestration are used to treat with success for Gigot type L. However, Gigot type Il and III
are more difficult to treat.

Conversely to ADPLD, ADPKD causes progressive renal dysfunction, whereas liver
function remains normal in both diseases. However, up to 20% of patients with PLD may
require treatment because the compressive effects of cysts on adjacent structures cause
progressive symptoms [6]. Common symptoms include abdominal discomfort, such as
early satiety and postprandial fullness, chronic and acute pain, dyspnea, reduced mobility,
and fatigue [7]. Severe disease can lead to malnutrition and disability.

Different modalities have been reported for treating PLD, with the objective of re-
ducing the liver volume and relieving symptoms [8]. Treatment with somatostatin analog
appears to be insufficient, with a decrease in liver volume of only 1.99% after 2 years [9].

Percutaneous cyst aspiration associated with sclerotherapy and laparoscopic fenes-
tration are indicated in patients with superficial cysts and a limited number of large cysts
(Gigot classification type I). These treatments may temporarily relieve symptoms, but there
is a high recurrence rate of up to 80% [10].

Hepatic resection has been proposed to treat highly symptomatic patients, with dif-
fuse involvement of the liver parenchyma by multiple cysts and remaining large areas
of non-cystic liver parenchyma [8]. However, significant complications can occur, and
morbidity and mortality rates associated with this procedure can reach 50% and 3%,
respectively [11,12].

Hepatic transplantation has been published in cases of diffuse involvement of the liver
parenchyma by small and medium cysts with only a few areas of normal parenchyma with
good efficacy but a morbidity rate of 40-50% and a global mortality rate between 8% and
17% at 5 years [12].

Transarterial embolization (TAE) of hepatic arteries in PLD was first described as
a promising minimally invasive treatment for patients with abdominal discomfort due
to a distended abdomen or gastric compression [13]. Several embolization techniques
have been described, including coiling and the use of a mixture of N-butyl cyanoacrylate—
iodized oil [14] and polyvinyl alcohol [15], particles tris-acryl gelatin microspheres [16]. The
association between distal and proximal embolization was described in renal embolization
in cases of ADPKD, with good efficacy [17]. To date no study evaluated quality of life after
the TAE.

The present retrospective study was performed to assess the safety and clinical efficacy
of TAE using combined embolization with Tris-acryl gelatin microspheres and coils and its
long-term impact on reducing liver volume in patients with symptomatic PLD.

2. Patients and Methods
2.1. Patient Population

This retrospective study was approved by the institutional review board, and the
requirement for informed consent was waived. A total of 21 patients had PLD and
ADPKD (80.7%), whereas 6 had PLD alone. Indication of treatment was based on the
following criteria:

Clinically palpable liver hypertrophy responsible for symptomatic mass effects, such
as abdominal pain, dyspnea, early satiety, and physical disability

Diffuse disease (Gigot classification type II or III) on imaging precluding surgical
resection or percutaneous sclerotherapy

Exclusion criteria included liver cyst infection and the decision of hepatic transplanta-
tion taken before TAE.

The decision to perform TAE was made at a multidisciplinary committee based on the
patient’s degree of clinical discomfort and on liver imaging data on computed tomogra-
phy (CT).

All patients were followed until June 2020. Quality of life was determined with a
modified Short Form-36 Health Survey (SF-36) by mail or e-mail in June 2020 [18,19].
The SF 36 questionnaire is a health survey frequently used on clinical studies to assess
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health related quality of life. It included 36 questions in 8 domain scores of physical and
mental function.

Quality of life and the efficacy of TAE for treating digestive and respiratory symptoms
and chronic pain were evaluated retrospectively before and after TAE.

Patients” demographic data, including weight (after dialysis in patients receiving
dialysis) and laboratory data were obtained from their electronic medical records. All data
were collected before TAE, 3 months after treatment, 2 years, between 2-5 years, and at
the last follow-up more than 5 years in June 2020. All medical and surgical treatments
undergone by patients before and after TAE were noted.

2.2. Imaging before the Procedure

Pre- and post-TAE total liver volume was calculated on CT with or without contrast
injection with validated open source image processing software (Osirix, Pixmeo Sarl,
Geneva, Switzerland) [20,21] from the set of contiguous images by the product of liver area,
traced manually on each CT with a slice thickness of 5 mm.

2.3. The TAE Procedure

All procedures were performed on two different angiographic units (Allura Xper
FD20, Philips, Best, The Netherlands; and Artis Pheno, Siemens Healthcare, Forchheim,
Germany) under sedation or general anesthesia. After percutaneous introduction of a
5-Fr sheath (Radifocus Introducer II, Terumo, Tokyo, Japan) into the right or left femoral
artery under ultrasound guidance, the celiac trunk and superior mesenteric artery were
catheterized with a 4-F artery catheter (SHK 1.0, Cordis, Miami, FL, USA; or Cobra C2
Glidecath, Terumo) and a 0.035” hydrophilic guidewire (Terumo). After contrast injection
in each trunk, digital subtraction angiography allowed visualization of the arterial anatomy,
and portal hepatography was used to determine the anatomy and permeability of the
intra- and extrahepatic portal system (Figure 1). Superselective catheterization of arterial
branches vascularizing hepatic segments containing liver cysts was achieved with a 2.7-Fr
microcatheter (Progreat, Terumo).

(@) (b)

Figure 1. Cont.
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Figure 1. (a) arteriography of the coeliac artery showing well developed hepatic artery deviated by

the cysts without parenchymography of the left liver. (b) Portography showing permeable splenic
and portal vein, occlusion of the left portal and right anterior portal vein (arrow), and permeability of
the right posterior portal vein (Star). (c,d): CT scan showing good correlation with the arteriography
and portography. hepatic parenchyma is completely replaced by cysts in segment II, IIT and IV.

The hepatic regions for embolization were selected before the TAE procedure based
on the distribution of cyst density determined on CT. According to these criteria, total or
partial liver embolization was performed. Arterial occlusion of each segmental artery was
performed first by distal embolization with 300-500 um Tris-acryl gelatin microspheres
(Embosphere, Merit Medical, South Jordan, UT, USA; or Embogold, Boston Scientific,
Natick, MA, USA). Particles were injected through the microcatheter until stasis of feeding
arterial flow without reflux. Subsequently, to ensure complete vascular occlusion and
prevent revascularization, embolization was completed with one or several microcoils of
suitable diameter and length (Tornado or Hilal, Cook Medical, Indiana, IN, USA). Diameter
of coils were between 2 and 6 mm. When necessary, extrahepatic collaterals, such as the
inferior phrenic or omental arteries, were also embolized.

2.4. Postprocedure Management

To prevent postembolization syndrome (PES), a combination of corticosteroid (methyl-
prednisolone 1 mg/kg) and an analgesic (acetaminophen 1 g) were injected intravenously
2 h before embolization. PES is characterized by moderate to severe epigastric pain, fever,
severe nausea, and vomiting that appear early after embolization. Biologically, there is a
biological inflammatory syndrome associated with elevated transaminases and bilirubin.
All these abnormalities are transient and spontaneously resolved in a few days. During
embolization, pain was managed with intravenous nonsteroidal anti-inflammatory drugs
and morphinic analgesic titration if necessary. After embolization, patients were admitted
to the nephrology department for 2 to 3 days, and analgesic and corticoid treatment was
maintained intravenously for at least 24 h. If additional analgesics were needed, morphine
was added and administered through a patient-controlled analgesia pump with antiemetic
treatment if necessary.

Laboratory data included Creat, Urea, AST, ALT, GGT, Bilirubin, and Alcaline phos-
phatase were examined on days 1 and 3 after TAE. After discharge, pain was controlled
with acetaminophen or tramadol, and prednisolone (20 mg/day) was given for 8 days.

2.5. Endpoints

The primary study endpoint was clinical success, defined as improvement in quality
of life (an increase in SF-36 score > 10 points) [22,23] and improvement in abdominal
pain, digestive and respiratory symptoms without invasive treatment throughout the
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follow-up period. The SF-36 was completed in consultation on the follow-up scan was
performed. Secondary outcomes were primary technical success, defined by complete
occlusion of targeted segmental hepatic arteries; a decrease in liver volume on CT with or
without contrast injection and complications according to the guidelines of the Society of
Interventional Radiology [24] and Clavien—-Dindo [25], including cyst complications, such
as hemorrhage or infection during follow-up.

2.6. Statistical Analysis

Data are summarized as proportions and means =+ standard deviations as appropriate.
Categorical variables were analyzed with the chi-square test, and continuous variables
were compared with Student’s ¢ test or analysis of variance. In all analyses, p < 0.05 was
taken to indicate statistical significance. If patients could not visit the hospital at the time of
data collection, their data were imputed by linear regression based on the next visit.

3. Results
3.1. Population

From 1 January 2012, to December 2019, a total of 26 consecutive patients (21 women
[81%] and 5 men [19%]) with symptomatic PLD underwent a total of 32 TAE procedures
at a single institution. Before TAE, 7 patients received treatment with somatostatin for
12-24 months, which was considered ineffective; 11 patients had been treated by cyst punc-
ture and sclerotherapy, but no patients had undergone any previous surgical interventions.
Patient characteristics are summarized in Tables 1 and 2. The mean follow-up period was
51 months (range: 6-98 months). In this population, 16 and 10 patients had Gigot liver
type Il and type 11, respectively. Embolization was performed selectively in 23 procedures
(72%)—14 in the right liver (44%) and 9 in the left liver (28%)—and was global (right
and left) in 9 procedures (28%). The mean number of embolized segments was 4.0 £ 1.7.
Extra-hepatic arteries embolized were three left gastric arteries.

Table 1. Patient characteristics.

Patient Characteristics Mean (Range) or N (%)

Average age in years (range) 52.3 (33-78)
<50 years 10 (39%)
>50 years 16 (61%)
Gender
-Male 5 (19%)
Weight 86.6 (+/—12.8)
BMI 28.25 (+/—4.1)
-Female 21 (81%)
Weight 63,2 (+/—12.1)
BMI 234 (+/—24)
Mean time follow-up (months) 51 (6-98)
Type of PLD
-associated with ADPK 20 (77%)
-PLD isolated 6 (23%)
Laboratory
Creatinine 117.3 (+/—82)
>60 GFR 10 (38%)
<60 GFR. 13 (50%)
dialysis 3 (11%)
Urea 8.1(+/—3.6)
AST 39.8 (+/—53)
ALT 33.2 (+/—36.5)

GGT 175.8 (+/—116.8)
Bilirubin 12.3 (+/-9.2)
Alcaline phosphatase 141.6 (+/—106)
TP 92.1 (+/—14)
Hemoglobin 12.7 (+/—1.5)
Platelets 230 (+/—77)




J. Pers. Med. 2022, 12, 1624

6 of 12

Table 2. Patients characteristics.

Patient Characteristics

Mean (Range) or N (%)

Liver volume
Total liver volume

6436 cc (2965-13,470)

Right liver 4058 cc (2073-9566)
Left liver 2377 cc (848-5776)
Symptoms
Abdominal Pain 24 (92%)
Dyspnea 21 (81%)
Dyspepsia 26 (100%)
Previous treatment
Medical treatment 7 (27%)
Cyst sclerosis 11 (42%)
Fenestration or hepatectomy 0
Anterior complications 13 (50%)
Infection 12 (46%)
Hemorrhage 3 (11%)

3.2. Technical Success

Primary technical success was achieved in 30 of the 32 procedures (93%). TAE was
stopped because of difficulty catheterizing segmental branches responsible for a high
radiation dose (4 Gy) in one case and dissection of the left liver artery in another case. These
two patients underwent a second TAE with effective technical success. Two procedures
were necessary in five patients and one patient underwent three procedures because of
insufficient reduction in volume. These 6 failures were due to recanalization of hepatic
arteries or embolization of insufficient hepatic volume but after the subsequent procedures
the secondary technical success rate was 100%.

The mean procedure time was 90.9 £ 28.8 min. The mean quantity of contrast injected
during the procedure was 134.5 £ 52 cc, the mean radiation dose area product (DAP) was
1146 £ 935 mGy, and the mean fluoroscopy time was 34.5 £ 14 min.

3.3. Safety

TAE postembolization syndrome occurred after all procedures despite medical prepa-
ration, but no patients developed hepatic insufficiency. The mean duration of hospital stay
was 4.25 + 1.9 days (range: 2-10 days). No residual pain was reported after 1 month.

The total complication rate was 12.5%. Three patients presented pain recurrence
(grade I) justifying new hospitalization between 1 and 10 days. One patient had a cyst
infection (grade Ill-a) that occurred 20 days after TAE, treated successfully with puncture
and intravenous antibiotics over a 5-day hospitalization period.

3.4. Reduction in Hepatic Volume (Figure 2 and Table 3)

The mean decrease in total liver volume at 3 months was —12.6% (£8.01%) compared
to the pre-TAE value or a mean loss of —855 cc (p < 0.01). CT was performed more than
2 years after TAE in 12 patients, and the mean decrease in total liver volume ratio was
—27.8% (p < 0.01) (Table 4).
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Figure 2. Computed Tomography (CT) from a patient with polycystic liver disease before and after
transarterial embolization. (a,b) Pre-embolization CT showing a voluminous polycystic liver with a
compression of the stomach by the cysts. (¢,d) CT at 3 months showing coils and reduction of cysts
volume. (e,f): CT at 4 years showing a significant liver volume reduction of 29% with a decompression
of the stomach.

Table 3. Liver volume reduction in sub group analysis.

Liver Volume .
Liver Volume .
Sex bef?;fL")l"AE after TAE (mL) Difference P
Total liver men 8808.4 7441.1 —15.2% p<0.01
women 5672.4 4932.7 —11.9% p<0.01
Qobs = 0.90 IC95% p=037
[—4.1169; 10.5965] e
Embolized liver men 5894 4752 —17.8% p<0.01
women 3906 3234.7 —24.3% p<0.01
Qobs = —1.16 IC95% ~ 025
[—17.4903; 4.7764] p=0
Disease
Total liver ADPLD 8633 7174 —16.8% p<0.01
ADPKD 5597 4916 —11.3% p<0.01
Qobs = 1.64 IC95 p=011
[—1.3294; 12.3023] e
Embolized liver ADPLD 5787 4398 —24% p<0.01
ADPKD 3781 3291 —22% p<0.01
Qobs = 0.39 IC95 —0.69
[=8.6315; 12.6986] p=5
Quality of life
Total liver Improved 6313 5322 —15.7% p<0.01
Not improved 6420 5878 —8.1% p=0.03
Qobs = —2.651C95 0.01
[—11.7682; —1.5267] p<b
Embolized liver Improved 4708 cc 3811 cc —24% p<0.01
Not improved 3543 cc 2857 cc —12% p<0.01

Qosb = —3.12 IC95
[—11.7682; —1.5267] p<0.01
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Table 4. Liver volume reduction at 3 months and 2 years after TAE.
Mean Vol. before TAE Mean Vol. after TAE Mean Reduction of Volume p
(mL) (mL)
Scanner 3 months
after TAE
. B B —12.6% (+/—8)
Total liver Volume 6438 (+/—2592) 5567 cc (+/—2122) 855 cc IC95% [570.88; 1140.55] p <0.01
. . —22.7% (+/—12.5)
Liver embolized 4623 (+/—2916) 3692 cc (+/—2460) 930 cc IC95% [679.03; 1182.78] p<0.01
2+ years of follow-up
Total Liver Volume 4440 cc (+/—1302) —27.8%
(11 = 12 patients) 6275 (+/—2353) —1863 cc IC95% p<0.01
il [757.7333; 2968.4889]
Liver embolized —325% (+/-17)
(11 = 12 patients) 5001(+/—2157) 3546 cc (+/—1769) —1544 cc I1C95 p<0.01
P [841.9154; 2246.0846]

3.5. Clinical Efficacy

The primary clinical efficacy was 72% (19/26) at the date of evaluation in June 2020,
and the average follow-up time was 51 £ 15.2 months (range: 6-98 months). A total of
19 patients (72%) showed a significant improvement in their quality of life with an increase
in SF-36 score of >10 points, and 13 (52%) showed an increase of >20 points. No patients
reported a worsening of quality of life after embolization. Of the 26 patients, 23 (88%)
would recommend TAE for the management of PLD.

Clinical failure occurred in seven patients (27%) who experienced no improvement
in quality of life after TAE. Two of these patients (7%) required complementary surgical
treatment 7 and 11 months after TAE consisting of a right hepatectomy in one case and a
combination of a right hepatectomy and cyst fenestration in the other. Surgery was effective
in these two patients. Five patients did not benefit for another treatment. One patient
died of metastatic kidney cancer 2 years after treatment unrelated to TAE. The four other
patients who did not experience clinical success underwent repeated cyst aspirations or
symptomatic treatment and refused a second TAE or surgery.

3.5.1. Chronic Pain

Of the 24 patients (92%) who presented with chronic pain related to liver volume, 20
(83%) noticed an improvement after TAE. Pain evolved from a mean visual analog scale
score of 5.4 + 2.8 before TAE to 2.7 + 1.9 afterward.

3.5.2. Digestive Symptoms

All patients had digestive symptoms before TAE (moderate in 17 and severe in 9). After
TAE, 21/26 patients (81%) showed an improvement in symptoms, including 15 patients
(57%) who experienced a complete recovery. Only two patients (11%) had severe persistent
digestive symptoms.

3.5.3. Dyspnea

Before TAE, 21 patients (81%) had dyspnea, including 16 with symptoms that caused
problems in everyday life. A total of 14 of these patients (66%) reported improvement
after TAE.

4. Discussion

TAE using microspheres and coils is a safe and an effective treatment for patients with
diffuse and symptomatic PLD. These results confirm the findings of previous studies that
used different embolization techniques [14,26-29] (Table 5).
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Table 5. Summary of relevant studies on hepatic artery embolization in patients with polycystic

liver disease.

. . . Li
Reduction Reduction Reduction Vican Liver

Embolic in Liver in Liver in Liver Volume Clinical
Authors Date Patient Material v v v before Em-
Volume at Volume at Volume at . L. Success
Used bolization
6 Months 1 Year 2 Years
(mL)

Ubara et al. [13] 2004 1 Coils —46% 12,364 100%
Takei et al. [27] 2007 30 Coils —21.2% 7882 80%
Park et al. [15] 2009 3 PVA and —15% 9490 66%

Coils
No signi-
Wang et al. [14] 2012 21 NBCAand " tive —25.7% 8270 85.3%
lipiodol .
difference
Hoshino et al. [26] 2014 221 Coils —5.3% —9.2% 7058 -
Yang et al. [29] 2016 18 Coils —7.6% 7767 31.4%
NBCA and
Zhang et al. [30] 2017 23 . —-16.3% —29.7% —29.3% 8070 86%
lipiodol
Tris Acryl
Sakuhara et al. [16] 2019 5 Gelatin mi- —5.5% —6.7% 7406 60%
crosphere

The rate of absence of clinical amelioration and cyst volume reduction was 27% in
our cohort compared to 0% reported by Ubara et al. [13], 15% reported by Wang et al. [14],
20% reported by Takei et al. [26], 34% reported by Park et al. [15], 40% reported by
Sakuhara et al. [16], and 69.6% reported by Yang et al. [29]. These differences could be
due to differences in treatment methodologies, including revascularization of embolized
arteries, the development of extrahepatic collaterals stimulated by the cyst and parenchy-
mal ischemia, and the development of intrahepatic collaterals when only one lobe was
embolized [16].

These possibilities prompted us to perform a second TAE if the first was ineffective.
The second TAE involved meticulously searching for and embolizing extrahepatic collater-
als to ensure that there was no residual flow in the embolized artery. Revascularization
of the hepatic artery seems to be the principal cause of failure [14,28]. The combination of
distal embolization using microspheres and proximal occlusion of the segmental artery
using microcoils seems to be very effective for producing irreversible occlusion of the
targeted artery.

Selecting the appropriate embolic agent is important. Recanalization is favored by the
presence of many intrahepatic collateral vessels (peribiliary vascular plexus) and extrahep-
atic collateral vessels (omental artery, gastric artery, inferior phrenic artery, etc.) [31].

Different embolic materials have been used in previous studies, with coils being the
most common [28]. Liquid adhesives and glue have also been used for distal and proximal
embolization with good efficacy [14,30], however, there are risks for polymerization [32]
and reflux in non-target areas [14,30], which can cause complications, such as biloma [14].
Calibrated microspheres are more precise and suitable than glue because of their ease of
delivery from the inserted microcatheter and the low levels of associated inflammation
compared to other liquid embolic agents [33,34].

In this study, the reduction in hepatic volume was —12.6% 3 months after embolization
and —27.8% at the last follow-up more than 2 years after TAE are similar to those reported
in the literature, that is, —7% to —21% with coils after 1 year [13,26], —25.7% and —29.3%
for glue associated with lipiodol [30], and —15% after 1 year for polyvinyl alcohol particles
and coils [15].

Neijenhuis et al. [35] showed that symptom reduction is a better outcome parameter
than cyst volume reduction for treatment success in patients treated by aspiration scle-
rotherapy. Indeed, cyst diameter reduction does not reflect treatment success in aspiration
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sclerotherapy from patients’ perspectives, while symptoms measured with the PLD-Q can
be used as a reliable outcome measure.

This procedure shows a low rate of complications (12.5%) compared to surgical ap-
proaches (50%) [8,36] and good tolerance as soon as postembolization syndrome could
be controlled. Cyst infection is a serious but rare complication that occurred in only 4%
of our cases and has previously been reported at rates between 0% and 2% [37]. The
mean duration of hospitalization for TAE is shorter than that required for hepatic surgery
(4.25 days vs. 15 days, respectively) [8,11].

Surgery can be performed after one or two TAE procedures. Indeed, embolization did
not complicate surgery, and the reduction in volume permitted better mobilization of the
liver and resulted in less risk for arterial bleeding during surgery.

In our study, two patients (7%) underwent partial hepatectomy after TAE because
of insufficient clinical results with good efficacy. Partial hepatectomy and cyst fenestra-
tion substantially improves symptom burden and quality of life in highly symptomatic
polycystic liver disease patients [38] with 11.1% of major complication.

This study is not without limitations. This was a retrospective, single center study with
a small population. Additionally, there was an absence of systematic late determination
of liver volume, an absence of a surgical control group, and the use of two types of
microspheres. Moreover, questionnaire PLD-Q was not used in this study, which was
validated by Neijenhuis et al. [39]. Due to the retrospective nature of this investigation,
there are missing data.

In conclusion, TAE appears to be a safe and effective noninvasive treatment for
patients with symptomatic Gigot 2 and 3 PLD. This study demonstrates a progressive
decrease in liver volume with clinical efficacy in 73% of patients after one or two TAE
procedures. This approach can improve the standard of care for patients with symptomatic
PLD and can be considered before more invasive surgical procedures, even in patients with
renal insufficiency.

Author Contributions: Conceptualization, A.C. and C.M.; methodology, A.C., C.M. and N.G,; soft-
ware, A.C,; validation, Y.L.B., E.J., A.C.,, CM. and C.C,; formal analysis, A.C.; investigation, A.C.; data
curation, A.C., C.M.,, L.C. and C.C.; writing—original draft preparation, A.C.; writing—review and
editing, A.C. and C.M; visualization, C.M.; supervision, C.M. and N.G.; project administration, C.M.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Cnossen, WR,; Drenth, J.P.H. Polycystic liver disease: An overview of pathogenesis, clinical manifestations and management.
Orphanet ]. Rare Dis. 2014, 9, 69. [CrossRef] [PubMed]

2. Rosenfeld, L.; Bonny, C.; Kallita, M.; Heng, A.E.; Deteix, P.; Bommelaer, G.; Abergel, A. Polycystic liver disease and its main
complications. Gastroenterol. Clin. Biol. 2002, 26, 1097-1106. [PubMed]

3. Wilson, P.D. Polycystic Kidney Disease. N. Engl. ]. Med. 2004, 350, 151-164. [CrossRef] [PubMed]

4. Qian, Q. Isolated Polycystic Liver Disease. Adv. Chronic Kidney Dis. 2010, 17, 181-189. [CrossRef]

5. Gigot, ].F; Jadoul, P; Que, F,; Van Beers, B.E.; Etienne, J.; Horsmans, Y.; Collard, A.; Geubel, A.; Pringot, J.; Kestens, P.J. Adult
polycystic liver disease: Is fenestration the most adequate operation for long-term management? Ann. Surg. 1997, 225, 286-294.

[CrossRef]

6.  Santos-Laso, A.; Izquierdo-Sanchez, L.; Lee-Law, P.Y.; Perugorria, M.].; Marzioni, M.; Marin, ].].G.; Bujanda, L.; Banales, ].M. New
Advances in Polycystic Liver Diseases. Semin. Liver Dis. 2017, 37, 45-55. [CrossRef]


http://doi.org/10.1186/1750-1172-9-69
http://www.ncbi.nlm.nih.gov/pubmed/24886261
http://www.ncbi.nlm.nih.gov/pubmed/12520197
http://doi.org/10.1056/NEJMra022161
http://www.ncbi.nlm.nih.gov/pubmed/14711914
http://doi.org/10.1053/j.ackd.2009.12.005
http://doi.org/10.1097/00000658-199703000-00008
http://doi.org/10.1055/s-0036-1597817

J. Pers. Med. 2022, 12, 1624 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Hoevenaren, I.A.; Wester, R.; Schrier, RW.; McFann, K.; Doctor, R.B.; Drenth, ].P.H.; Everson, G.T. Polycystic liver: Clinical
characteristics of patients with isolated polycystic liver disease compared with patients with polycystic liver and autosomal
dominant polycystic kidney disease. Liver Int. 2008, 28, 264-270. [CrossRef]

Aussilhou, B.; Dokmak, S.; Dondero, F; Joly, D.; Durand, F.; Soubrane, O.; Belghiti, . Treatment of polycystic liver disease. Update
on the management. . Visc. Surg. 2018, 155, 471-481. [CrossRef]

van Aerts, RM.; Kievit, W.; D’Agnolo, H.M.; Blijdorp, C.J.; Casteleijn, N.E; Dekker, S.E.; de Fijter, ] W.; van Gastel, M.; Gevers,
T.J.; van de Laarschot, L.E; et al. Lanreotide Reduces Liver Growth in Patients With Autosomal Dominant Polycystic Liver and
Kidney Disease. Gastroenterology 2019, 157, 481-491.e7. [CrossRef]

Hahn, S.T.; Han, S.Y.; Yun, E.H.; Park, S.H.; Lee, S.H.; Lee, H.J.; Hahn, H.].; Hahn, H.M. Recurrence after percutaneous ethanol
ablation of simple hepatic, renal, and splenic cysts: Is it true recurrence requiring an additional treatment? Acta Radiol. 2008, 49,
982-986. [CrossRef]

Drenth, ].P.; Chrispijn, M.; Nagorney, D.M.; Kamath, P.S.; Torres, V.E. Medical and surgical treatment options for polycystic liver
disease. Hepatology 2010, 52, 2223-2230. [CrossRef]

Abu-Wasel, B.; Walsh, C.; Keough, V.; Molinari, M. Pathophysiology, epidemiology, classification and treatment options for
polycystic liver diseases. World ]. Gastroenterol. 2013, 19, 5775-5786. [CrossRef]

Ubara, Y.; Takei, R.; Hoshino, J.; Tagami, T.; Sawa, N.; Yokota, M.; Katori, H.; Takemoto, F; Hara, S.; Takaichi, K. Intravascular
embolization therapy in a patient with an enlarged polycystic liver. Am. J. Kidney Dis. 2004, 43, 733-738. [CrossRef]

Wang, M.Q.; Duan, F; Liu, FY.; Wang, Z.].; Song, P. Treatment of symptomatic polycystic liver disease: Transcatheter super-
selective hepatic arterial embolization using a mixture of NBCA and iodized oil. Abdom. Imaging 2013, 38, 465-473. [CrossRef]
Park, H.C.; Kim, CW,; Ro, H.; Moon, J.-Y,; Oh, K.-H.; Kim, Y.; Lee, ].S.; Yin, Y.H.; Jae, H.]J.; Chung, ] W,; et al. Transcatheter Arterial
Embolization Therapy for a Massive Polycystic Liver in Autosomal Dominant Polycystic Kidney Disease Patients. . Korean Med.
Sci. 2009, 24, 57-61. [CrossRef]

Sakuhara, Y.; Nishio, S.; Hattanda, F.; Soyama, T.; Takahashi, B.; Abo, D.; Mimura, H. Initial experience with the use of tris-acryl
gelatin microspheres for transcatheter arterial embolization for enlarged polycystic liver. Clin. Exp. Nephrol. 2019, 23, 825-833.
[CrossRef]

Petitpierre, F.; Cornelis, F; Couzi, L.; Lasserre, A.S.; Tricaud, E.; Le Bras, Y.; Merville, P.; Combe, C.; Ferriere, ].M.; Grenier, N.
Embolization of renal arteries before transplantation in patients with polycystic kidney disease: A single institution long-term
experience. Eur. Radiol. 2015, 25, 3263-3271. [CrossRef]

McHorney, C.A.; Ware, ].E.; Lu, J.E; Sherbourne, C.D. The MOS 36-item Short-Form Health Survey (SF-36): III. Tests of data
quality, scaling assumptions, and reliability across diverse patient groups. Med. Care 1994, 32, 40-66. [CrossRef]

Ware, J.E., Jr.; Sherbourne, C.D. The MOS 36-item short-form health survey (SF-36). I. Conceptual framework and item selection.
Med. Care 1992, 30, 473-483. [CrossRef]

van der Vorst, ].R.; van Dam, R.M.; van Stiphout, R.S.; van den Broek, M.A_; Hollander, I.H.; Kessels, A.G.; Dejong, C.H. Virtual
Liver Resection and Volumetric Analysis of the Future Liver Remnant using Open Source Image Processing Software. World J.
Surg. 2010, 34, 2426-2433. [CrossRef]

Lodewick, TM.; Arnoldussen, C.W.; Lahaye, M.].; van Mierlo, K.M.; Neumann, U.P,; Beets-Tan, R.G.; Dejong, C.H.; van Dam,
R.M. Fast and accurate liver volumetry prior to hepatectomy. HPB 2016, 18, 764-772. [CrossRef]

Wyrwich, KW.,; Tierney, W.M.; Babu, A.N.; Kroenke, K.; Wolinsky, ED. A Comparison of Clinically Important Differences in
Health-Related Quality of Life for Patients with Chronic Lung Disease, Asthma, or Heart Disease. Health Serv. Res. 2005, 40,
577-592. [CrossRef]

Brigden, A.; Parslow, RM.; Gaunt, D.; Collin, 5.M.; Jones, A.; Crawley, E. Defining the minimally clinically important difference
of the SF-36 physical function subscale for paediatric CFS/ME: Triangulation using three different methods. Health Qual. Life
Outcomes 2018, 16, 202. [CrossRef]

Khalilzadeh, O.; Baerlocher, M.O.; Shyn, P.B.; Connolly, B.L.; Devane, A.M.; Morris, C.S.; Cohen, A.M.; Midia, M.; Thornton, R.H;
Gross, K.; et al. Proposal of a New Adverse Event Classification by the Society of Interventional Radiology Standards of Practice
Committee. ]. Vasc. Interv. Radiol. 2017, 28, 1432-1437.e3. [CrossRef]

Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205-213. [CrossRef]

Takei, R.; Ubara, Y.; Hoshino, J.; Higa, Y.; Suwabe, T.; Sogawa, Y.; Nomura, K.; Nakanishi, S.; Sawa, N.; Katori, H.; et al.
Percutaneous Transcatheter Hepatic Artery Embolization for Liver Cysts in Autosomal Dominant Polycystic Kidney Disease. Am.
J. Kidney Dis. 2007, 49, 744-752. [CrossRef]

Ubara, Y. New Therapeutic Option for Autosomal Dominant Polycystic Kidney Disease Patients With Enlarged Kidney and Liver.
Ther. Apher. Dial. 2006, 10, 333-341. [CrossRef]

Hoshino, J.; Ubara, Y.; Suwabe, T.; Sumida, K.; Hayami, N.; Mise, K.; Hiramatsu, R.; Hasegawa, E.; Yamanouchi, M.; Sawa,
N.; et al. Intravascular Embolization Therapy in Patients with Enlarged Polycystic Liver. Am. J. Kidney Dis. 2014, 63, 937-944.
[CrossRef]

Yang, J.; Ryu, H.; Han, M.; Kim, H.; Hwang, Y.-H.; Chung, ] W.; Yi, N.-J.; Lee, K.-W,; Suh, K.-S.; Ahn, C. Comparison of
volume-reductive therapies for massive polycystic liver disease in autosomal dominant polycystic kidney disease. Hepatol. Res.
2016, 46, 183-191. [CrossRef]


http://doi.org/10.1111/j.1478-3231.2007.01595.x
http://doi.org/10.1016/j.jviscsurg.2018.07.004
http://doi.org/10.1053/j.gastro.2019.04.018
http://doi.org/10.1080/02841850802325974
http://doi.org/10.1002/hep.24036
http://doi.org/10.3748/wjg.v19.i35.5775
http://doi.org/10.1053/j.ajkd.2003.12.035
http://doi.org/10.1007/s00261-012-9931-1
http://doi.org/10.3346/jkms.2009.24.1.57
http://doi.org/10.1007/s10157-019-01714-9
http://doi.org/10.1007/s00330-015-3730-3
http://doi.org/10.1097/00005650-199401000-00004
http://doi.org/10.1097/00005650-199206000-00002
http://doi.org/10.1007/s00268-010-0663-5
http://doi.org/10.1016/j.hpb.2016.06.009
http://doi.org/10.1111/j.1475-6773.2005.0l374.x
http://doi.org/10.1186/s12955-018-1028-2
http://doi.org/10.1016/j.jvir.2017.06.019
http://doi.org/10.1097/01.sla.0000133083.54934.ae
http://doi.org/10.1053/j.ajkd.2007.03.018
http://doi.org/10.1111/j.1744-9987.2006.00386.x
http://doi.org/10.1053/j.ajkd.2014.01.422
http://doi.org/10.1111/hepr.12560

J. Pers. Med. 2022, 12, 1624 12 of 12

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Zhang, J.L.; Yuan, K,; Wang, M.Q.; Yan, ].Y,; Xin, H.N.; Wang, Y.; Liu, EY.; Bai, YH.; Wang, Z.]J.; Duan, F; et al. Transarterial
Embolization for Treatment of Symptomatic Polycystic Liver Disease: More than 2-year Follow-up. Chin. Med. ]. 2017, 130,
1938-1944. [CrossRef]

Elsayes, K.M.; Shaaban, A.M.; Rothan, S.M.; Javadi, S.; Madrazo, B.L.; Castillo, R.P; Casillas, V.J.; Menias, C.O. A Comprehensive
Approach to Hepatic Vascular Disease. RadioGraphics 2017, 37, 813-836. [CrossRef] [PubMed]

Pollak, J.S.; White, R.I. The Use of Cyanoacrylate Adhesives in Peripheral Embolization. J. Vasc. Interv. Radiol. 2001, 12, 907-913.
[CrossRef]

Spies, ].B.; Cornell, C.; Worthington-Kirsch, R.; Lipman, J.C.; Benenati, J.F. Long-term Outcome from Uterine Fibroid Embolization
with Tris-acryl Gelatin Microspheres: Results of a Multicenter Study. J. Vasc. Interv. Radiol. 2007, 18,203-207. [CrossRef] [PubMed]
Laurent, A.; Beaujeux, R.; Wassef, M.; Riifenacht, D.; Boschetti, E.; Merland, J.J. Trisacryl gelatin microspheres for therapeutic
embolization, I: Development and in vitro evaluation. AJNR Am. ]. Neuroradiol. 1996, 17, 533-540.

Neijenhuis, M.K.; Wijnands, T.EM.; Kievit, W.; Ronot, M.; Gevers, T.].G.; Drenth, ].P.H. Symptom relief and not cyst reduction
determines treatment success in aspiration sclerotherapy of hepatic cysts. Eur. Radiol. 2019, 29, 3062-3068. [CrossRef]
Schnelldorfer, T.; Torres, V.E.; Zakaria, S.; Rosen, C.B.; Nagorney, D.M. Polycystic liver disease: A critical appraisal of hepatic
resection, cyst fenestration, and liver transplantation. Ann. Surg. 2009, 250, 112-118. [CrossRef]

Suwabe, T.; Ubara, Y.; Hayami, N.; Yamanouchi, M.; Hiramatsu, R.; Sumida, K.; Sawa, N.; Sekine, A.; Kawada, M.; Hasegawa,
E.; et al. Factors Influencing Cyst Infection in Autosomal Dominant Polycystic Kidney Disease. Nephron Exp. Nephrol. 2019, 141,
75-86. [CrossRef]

Bernts, L.H.; Neijenhuis, M.K.; Edwards, M.E.; Sloan, ]J.A.; Fischer, J.; Smoot, R.L.; Nagorney, D.M.; Drenth, ].P.; Hogan, M.C.
Symptom relief and quality of life after combined partial hepatectomy and cyst fenestration in highly symptomatic polycystic
liver disease. Surgery 2020, 168, 25-32. [CrossRef]

Neijenhuis, M.K.; Gevers, T.J.; Hogan, M.C.; Kamath, PS.; Wijnands, T.F.; Ouweland, R.C.V.D.; Edwards, M.E.; Sloan, J.A;
Kievit, W.; Drenth, J.P. Development and Validation of a Disease-Specific Questionnaire to Assess Patient-Reported Symptoms in
Polycystic Liver Disease. Hepatology 2016, 64, 151-160. [CrossRef]


http://doi.org/10.4103/0366-6999.211882
http://doi.org/10.1148/rg.2017160161
http://www.ncbi.nlm.nih.gov/pubmed/28430541
http://doi.org/10.1016/S1051-0443(07)61568-1
http://doi.org/10.1016/j.jvir.2006.12.006
http://www.ncbi.nlm.nih.gov/pubmed/17327552
http://doi.org/10.1007/s00330-018-5851-y
http://doi.org/10.1097/SLA.0b013e3181ad83dc
http://doi.org/10.1159/000493806
http://doi.org/10.1016/j.surg.2020.02.014
http://doi.org/10.1002/hep.28545

	Introduction 
	Patients and Methods 
	Patient Population 
	Imaging before the Procedure 
	The TAE Procedure 
	Postprocedure Management 
	Endpoints 
	Statistical Analysis 

	Results 
	Population 
	Technical Success 
	Safety 
	Reduction in Hepatic Volume (Figure 2 and Table 3) 
	Clinical Efficacy 
	Chronic Pain 
	Digestive Symptoms 
	Dyspnea 


	Discussion 
	References

