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Abstract

Background: In patients with acute liver injury caused by hepatic veno-occlusive disease

(HVOD), molecular adsorbent recirculation system (MARS) may be used to improve liver func-

tion in conjunction with transjugular intrahepatic portosystemic shunt (TIPS) to reduce portal

hypertension.

Methods: Twelve patients were admitted to our hospital following treatment for HVOD for 10

to 21 days at other hospitals. All patients were treated with a combination of MARS and TIPS, and

they were evaluated clinically including liver function tests.

Results: After the initial treatment with MARS, liver function improved significantly in all

patients. TIPS placement decreased the hepatic venous pressure gradient (HVPG) to 10.17�
2.26mmHg from a pre-TIPS HVPG of 23.58� 9.43mmHg. The outcomes of combination treat-

ment with MARS and TIPS in 12 patients with HVOD were as follows: 1) improvement of various

clinical and biological parameters leading to full recovery in 1 year in 6 patients; 2) full recovery

following liver transplantation for acute liver failure in three patients; and 3) three patients died

due to hepatic failure after TIPS placement.

Conclusion: The combination of MARS and TIPS creation is promising as a potential treatment

for acute HVOD, and it showed an improvement in overall survival.
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Introduction

Hepatic veno-occlusive disease (HVOD) is
characterized by the development of painful
hepatomegaly, ascites, weight gain, and
jaundice, and these patients have a high
risk of mortality.1 With improvements to
medical science, an increasing number of
causes of this disease have been found
including chemical or radiation toxicity,
bone marrow transplantation (BMT) in
patients with leukemia,2 liver transplanta-
tion,3 and plant pyrrolizidine alkaloids.4

Currently, the main treatment is the
combination of tissue plasminogen activa-
tor (t-PA) and heparin,5 but the mortality
rate of patients with severe HVOD is more
than 98%.6 To develop an effective therapy
for patients with HVOD, we initiated com-
bination therapy using the molecular
adsorbent recirculation system (MARS)
and transjugular intrahepatic portosystemic
shunt (TIPS) creation. MARS and TIPS
creation for HVOD have shown promising
results, and therefore, this retrospective
study was undertaken to evaluate the
safety and efficacy of combination therapy
with MARS and TIPS creation in 12
patients with severe HVOD.

Materials and methods

This study was approved by the Research
Ethics Committee of Shandong Qianfoshan
Hospital, The First Affiliated Hospital of
Shandong First Medical University
(approval no. 2017S052). Because of the
retrospective nature of the study, the

requirement for informed consent was

waived.

Clinical information

Twelve patients were admitted to our hos-

pital following treatment for HVOD for 10

to 21 days at other hospitals from January

2012 to June 2016.

Clinical diagnosis

All patients had a history of herbal medi-

cine use for joint or bone pain 1 to 4 weeks

before HVOD onset. Gynura segetum was

used by eight patients, and mixed herbs of

unknown ingredients were used by four

patients. The patients presented with a

severe loss of appetite, ascites, right upper

abdominal pain, and tender hepatomegaly.

The laboratory studies yielded elevated liver

enzyme levels (alanine aminotransferase

[ALT], aspartate aminotransferase [AST],

and total bilirubin [TBil]). No history of

alcoholism, other drug abuse, autoimmune

hepatitis, primary biliary cirrhosis, primary

sclerosing cholangitis, or hepatitis A, B, C,

D, or E was observed in the patients. These

patients’ symptoms were consistent with the

Baltimore Diagnostic Criteria,7 and all the

patients had no history of BMT.

Histological diagnosis

All patients underwent percutaneous liver

biopsy using the coaxial technique. There

were no complications. The liver biopsy

needle was a standard type with co-axial
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(SAG-18090C, TSK Laboratory, Limu,

Japan). The patients were asked to hold

their breath in complete expiration, and

the needles were quickly advanced and

withdrawn from the liver tissue. The liver

biopsy specimens were fixed in 10% forma-

lin for histopathologic examination. All his-

tological specimens were examined by the

same pathologist. Occlusion of terminal

hepatic venules, sinusoidal congestion, cen-

trizonal hemorrhagic necrosis, and sinusoi-

dal fibrosis were found on the pathological

section (Figure 1).

Image diagnosis

All of the patients had ascites, hepatomeg-

aly, and a panther-stripe or low-echogenic

area in the liver on ultrasound imaging.

Liver ultrasound showed a dilated portal

vein with slow flow in patients with

HVOD. In eight patients, the hepatic veins

were poorly visible on the liver ultrasound

scan. The hepatic segment of the inferior

vena cava was narrow, but the blood flow

was unobstructed. Abdominal computer-

ized tomography (CT) revealed multiple

uneven low-density lesions in the liver, mas-

sive ascites, and indistinct hepatic veins. A

multiplanar reconstruction (MPR) image

showed localized concentric narrowing of

the inferior vena cava at the level of the

liver (Figure 2). None of the patients under-

went hepatic or wedged hepatic venography

before TIPS placement.

Medical care

Because there is no specific treatment

modality for HVOD that could serve as a

reference, the standard criteria were estab-

lished based on reported cases, a small

series analysis, and our team’s experiences.

All the patients had severe coagulation dis-

order, and some also had a hemorrhage in

the digestive tract; thus, these patients could

not receive t-PA. Our primary goals for

treatment were to improve liver function

and reduce portal hypertension. Ascites

was treated with sodium restriction,

human albumin, diuretics, and paracente-

sis. Severe coagulation disorder was treated

with fresh frozen plasma. Reduced glutathi-

one (Laboratorio Farmaceutico C.T.S.r.l.,

Sanremo, Italy),8 magnesium isoglycyrrhizi-

nate injection (CCTQ Pharma,

Lianyungang, China), and ursodeoxycholic

acid capsules (Losan Pharma GmbH,

Neueburg, Germany)9,10 were given as anti-

oxidants and anti-apoptotic agents to

Figure 1. Pathological evaluation of the liver before treatment. (a) Pathological evaluation demonstrated
that some regions of liver cells showed necrosis, fibrous tissue hyperplasia, and a small amount of iron-
containing hemoglobin deposition, while hepatic sinusoids around the portal area showed obvious expansion
and congestion. Hematoxylin–eosin staining, 200�. (b) Erythrocyte infiltration into the liver plate, some liver
cell degeneration, and some liver cell regeneration are visible. Hematoxylin–eosin staining, 400�.
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Figure 2. Abdominal computerized tomography and angiographic findings of the liver in patients with
hepatic veno-occlusive disease. (a) Plain CT scan showed that the liver density in most patients was reduced,
patchy or map-like low density areas were present, and ascites can be observed. (b) Arterial enhancement
CT scan showed a transient irregular infusion enhancement region. (c) Portal venous enhancement CT scan
showed a typical patchy, map-like enhanced area. (d) MPR image showed that the inferior vena cava was
narrow, but there was no expansion at both ends. (e) Hepatophlebography showed that the hepatic vein was
normal without any obstruction. (f) Indirect portography showed that the portal vein and superior mes-
enteric vein were normal without any obstruction.
MARS, molecular adsorbent recirculation system; TIPS, transjugular intrahepatic portosystemic shunt; CT,
computed tomography; MPR, multiplanar reconstruction.
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reduce injury to liver cells. Lactulose oral

solution (Abbott Healthcare Products B.V,

Weesp, The Netherlands) and Clostridium

butyricum granules (Miyarisan

Pharmaceutical Co., Ltd, Tokyo, Japan)

were administered to avoid bacterial trans-

location. Esomeprazole sodium (Nexium,

AstraZeneca, Sodertalje, Sweden) was

used to treat upper gastrointestinal

hemorrhage.

MARS support treatment

All of the patients were treated with MARS

(GAMBRO, Lund, Sweden) to reduce

ALT, AST, and TBil levels, improve liver

function, and remove those albumin-bound

toxins to maintain systemic homeostasis

before TIPS creation. If hepatic encepha-

lopathy (HE) and the patients’ liver func-

tion did not improve significantly within 3

days after TIPS creation, the patients

underwent MARS therapy. Although the

coagulation function of those patients

remained poor, heparin was still required

to prevent thrombus formation in the

filter during MARS therapy. Protamine

was used to reverse the effects of heparin

before the filtered blood was returned to

the body to prevent severe bleeding.

TIPS process

All patients received MARS therapy for 3

days before the TIPS procedure. The tech-

nique for the TIPS procedure was as fol-

lows: 1) The patients fasted for 12 hours

before the TIPS procedure. After placing

the patient in the supine position, the right

side of the neck and groin were prepped and

draped in a sterile fashion. The puncture

site was anesthetized with 5 mL of 2% lido-

caine; 2) After percutaneous catheterization

of the right internal jugular vein, the 10-Fr

(40 cm) introducer from the RUPS-100 set

(Cook Medical, Bloomington, IN, USA)

and a 5-Fr selective catheter were advanced

into the right hepatic vein to perform hepat-
ic venography; 3) After percutaneous cath-
eterization of the right common femoral
artery, a 5-Fr sheath was placed into the
femoral artery, and through the sheath, a
5-Fr selective catheter was advanced into
the abdominal aorta and then placed into
the superior mesenteric artery. The venous
phase of the superior mesenteric angiogram
visualized the portal vein and its right and
left main branches for portal vein targeting
from the hepatic vein during TIPS creation;
4) The right main portal vein was punctured
from the right hepatic vein using a Rosch–
Uchida needle. Once the needle entry into
the portal vein was confirmed using an
injection of contrast medium, a 0.035-inch
stiff guide wire was advanced into the splen-
ic vein and a 5-Fr pigtail catheter was then
advanced over the guide wire into the splen-
ic vein. After measuring the portal venous
pressure, a splenoportogram was per-
formed. A catheter with a marker was
used to determine the length of the stent
that was required to stent the hepatic paren-
chyma between the hepatic vein and the
portal vein; and 5) After dilating the paren-
chymal tract using an angioplasty balloon
catheter, the 10-French sheath was
advanced into the portal vein. The polyte-
trafluoroethylene (PTFE)-covered stent
(VIATORR TIPS Endoprosthesis, W.L.
Gore & Associates, Inc., Flagstaff, AZ,
USA) was deployed between the hepatic
and the portal veins, and it was then dilated
to 8mm. After measuring the portal venous
pressure, a completion portal venogram
was obtained.

Statistical analysis

All of the data were analyzed using the
Statistical Package for SPSS v18.0 (IBM
Corp., Armonk, NY, USA). The data fol-
lowed a normal distribution, and it was
expressed as the mean� standard deviation.
The data were analyzed using a paired
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t-test. A P value <0.05 was considered to be

statistically significant.

Results

There were seven men and five women

between the ages of 22 and 72 years (mean

age, 42.4 years) who were enrolled into this

study. The clinical and biological character-

istics of the patients are summarized in

Table 1.
In accordance with the Baltimore

Diagnostic Criteria7 (which includes the fol-

lowing: bilirubin >34.2 mmol/L, hepato-

megaly, ascites, and weight gain), all

patients had life-threatening severe VOD

after intake of Chinese herbal medicines

containing pyrrolizidine alkaloids. All of

the patients received MARS therapy

before TIPS placement. After TIPS crea-

tion, two patients (patients 2 and 4) were

treated with MARS once, one patient

(patient 3) was treated twice, and three

patients (patients 9, 11 and 12) were treated

three times. After the first MARS treat-

ment, the ALT decreased from 970.2�
701.9 IU/L to 576.9� 329.2 IU/L

(P< 0.01), AST decreased from 1048.4�
938.9 IU/L to 672.8� 546.8 IU/L
(P< 0.01), and TBil decreased from
192.4� 136.6 mmol/L to 152.0�
110.2 mmol/L (P< 0.001). These changes in
liver function are summarized in Table 2.

TIPS was successfully performed with-
out any TIPS procedure-related complica-
tions for all patients. The portal venous
pressure decreased significantly from
29.75� 10.09mmHg to 21.25� 7.1mmHg
following TIPS placement (P< 0.001),
while the hepatic venous pressure gradient
(HVPG) decreased from 23.58�
9.43mmHg to 10.17� 2.26mmHg
(P< 0.001). The changes in hepatic venous
pressure, portal vein pressure, and HVPG
before and after TIPS are summarized in
Table 3. All of the patients underwent
liver function tests. Doppler sonography
confirmed TIPS patency in all patients
during the follow-up period. All the stents
were unobstructed. The hepatic venous
pressure after TIPS creation was lower
than that before TIPS creation in patients
1, 2, 4, and 12. Generally, right atrial and
hepatic venous pressure increased after

Table 1. Main clinical and biological characteristics of the 12 patients.

Patients Sex

Age

(years)

PT (s)

(normal

range

9.8–12.1 s)

PLT (109/L)

(normal range,

125–350 109/L)

ALB (g/L)

(normal range,

40–55 g/L)

ALT (U/L)

(normal range,

7–40 U/L)

AST (IU/L)

(normal range,

13–35 IU/L)

Bilirubin

(mmol/L)

(normal range,

5–24 mmol/L)

1 Male 39 15.9 189 31 451.2 311.7 165.3

2 Male 72 27.5 55 28 1451 1842.2 321.6

3 Female 45 16.9 75 27 789.4 732.4 467.5

4 Female 61 23.2 56 30 690.1 701.4 234.3

5 Male 22 16.2 203 33 355.3 298.4 56.7

6 Male 54 12.8 187 35 244.3 232.3 36.7

7 Female 26 15.4 112 28 980.5 873.1 167.7

8 Male 22 14.8 189 38 1896.6 2042.4 86.5

9 Female 40 17.3 77 25 544.3 432.8 90.5

10 Female 34 12.1 235 29 328.9 298.9 66.3

11 Male 30 22.5 99 23 2460.5 3250.5 345.6

12 Male 56 14.3 245 31 1450 1565.1 270.2

The table shows the clinical and biological characteristics of the 12 enrolled patients.

Laboratory tests were performed on the day after the patients were hospitalized.

PT, prothrombin time; PLT, platelets; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate transaminase.
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TIPS placement. It is unknown why the
hepatic venous pressure was lower in patients

1, 2, 4, and 12 after TIPS creation compared
with the hepatic venous pressure pre-TIPS

because hepatic venous pressure usually
increases following TIPS placement. Post-

TIPS HVPG was greater than 12mmHg in
patients 2, 3, and 4. Patient 2 died 3 days

after undergoing TIPS because of HE and
sepsis. Patient 4 died 4 days after TIPS
because of multiple organ failure. Patient

12 died 37 days after TIPS because of liver
failure and concurrent severe lung infection.

Patients 3, 9, and 11 underwent treatment for
acute liver failure before TIPS placement,

and they underwent liver transplantation on
day 43, 45, and 15, respectively, after TIPS.

All patients who underwent liver transplan-
tation recovered at home and were followed-

up. The rest of the survivors were alive and
healthy after a 1-year follow-up period.

Discussion

A diagnosis of HVOD usually involves a
typical clinical presentation and exclusion

of other causes of liver injury. Many tradi-
tional Chinese medicines contain the com-
ponents of Pas.11 Chinese people believe
that herbal medicines are natural and
innocuous, but they can lead to HVOD in
many individuals in China.

If severe HVOD develops, it is almost
uniformly fatal, and many treatments
including the combination of t-PA and hep-
arin are ineffective or unsatisfactory.12

Because there is a lack of acceptable thera-
pies, the goals of combination therapy for
HVOD are to improve liver function by
MARS therapy and reduce portal hyperten-
sion by TIPS placement.

In the present study, the 1-year survival
rate was 75%; nine patients survived fol-
lowing combination therapy (liver trans-
plantation in three patients). Senzolo
et al.13 reported a 20% survival rate in
patients with HVOD treated with TIPS.
The difference in survival rates between
the report by Senzolo et al.13 and the pre-
sent study may be because of the difference
in the HVOD pathogenesis. In the former,
the patients were treated with BMT for

Table 3. Hepatic venous and portal venous pressures, and HVPG before and immediately after TIPS
placement.

Hepatic venous pressure (mmHg) Portal venous pressure (mmHg) HVPG (mmHg)

Patient Pre Post Pre Post Pre Post

1 7 4 24 11 17 7

2 14 13 34 29 20 16

3 7 12 34 28 27 16

4 5 3 43 33 38 30

5 6 12 20 16 14 4

6 4 13 24 17 20 4

7 8 11 20 17 12 6

8 3 15 30 18 27 3

9 1 5 18 15 17 10

10 4 13 32 20 28 7

11 9 19 52 30 43 11

12 6 3 26 21 20 18

Patients 2, 4, and 12 died after TIPS placement, and patients 3, 9, and 11 underwent liver transplantation. Three patients

who died after TIPS placement had a HVPG of >16 mmHg.

HVPG, hepatic venous pressure gradient; TIPS, transjugular intrahepatic portosystemic shunt.
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leukemia and some of them had multiorgan
failure associated with infection. However,
our patients were healthy before they devel-
oped HVOD, and they were treated with
the combination of MARS and TIPS. The
present study results strongly suggest that
improvement of the liver function due to
MARS therapy before and after TIPS
placement results in increased survival of
patients with HVOD. The combination of
TIPS plus MARS was superior to TIPS
alone for treating HVOD, which confirms
that the clinical manifestations of severe
HVOD do not solely result from portal
hypertension.14,15

In our report, eight patients had a
HVPG that was higher than 20mmHg
before TIPS, and three of them died and
two underwent liver transplantation. This
was consistent with Bearman et al.’s
study,16 which suggested that patients with
HVPG >20mmHg had a poor prognosis.
Patients 3, 9, and 11 underwent liver trans-
plantation after TIPS, and their HVPG
after TIPS was higher than 10mmHg.
Compared with the HVPG of survivors
and non-survivors, we further found that
a HVPG �10mmHg after TIPS may be
an important factor that affects the survival
rate of HVOD patients.

After successful establishment of TIPS
using a large number of portal blood diver-
sions into the systemic circulation, the
portal blood flow was reduced significantly,
causing liver injury, HE, and severe infec-
tion.17 However, the portal pressure was
also reduced, which was significant for alle-
viating the large amount of ascites that was
caused by portal hypertension, the pressure
was reduced in the hepatic sinusoid, central
vein, and interlobular vein. This, in turn,
reduced liver cell edema and improved
hepatic artery perfusion, which were condu-
cive to liver function recovery.18

Senzolo et al.19 reported two HVOD
patients who were treated with TIPS; one
of these patients recovered fully with

histological amelioration, and the other

patient had portal hypertension that

resolved, but there was no amelioration in

histology at 16 months after TIPS.

Similarly, histological changes after TIPS

were reported by Fried et al.20 in six

patients, among whom three (50%)

showed amelioration of sinusoidal conges-

tion and hemorrhagic necrosis. Combined

with our research, all the survivors were

healthy during the long follow-up period,

suggesting that HVOD is a transient disease

process. After experiencing the most severe

stage, patients’ liver function may recover

fully or partially. However, due to the

small sample size, further study is required.
Botanicals are self-prescribed, self-

administered, and widely available, and

unspecified mixed formulas are common

in China. Healthcare providers should be

advised to obtain accurate information

about their patients’ use of herbal remedies

and ensure that these patients are well-

educated about the remedies’ potential hep-

atotoxicity. Although 70% of patients

recover spontaneously, the remainder com-

prise complications that are characterized

by severe ascites, impaired sodium excre-

tion, renal insufficiency, and a HVPG of

20mmHg. This group of patients may ben-

efit from hepatic decompression if the pro-

cedure is performed early in the disease

course. Thus, we believe that it is important

to explore the role of TIPS as an option for

patients with progressive VOD, but without

other forms of concomitant liver injury,

who do not respond to medical therapy.

This should be performed before other

organ failure occurs, and especially after

liver transplantation because no other ther-

apeutic option is available except re-

transplantation.21

Our study has some limitations. The

sample size was relatively small and there

was no drug-treated control group.

Additionally, a survival analysis was not

Deng et al. 9



performed. Thus, further study should be

performed to confirm our study results.
In conclusion, the combined therapy

with MARS before and after TIPS place-

ment has shown a survival benefit in

patients with HVOD that is caused by

herbal medicine in China. Prospective stud-

ies are needed to evaluate the safety, effica-

cy, and long-term benefits of the combined

treatment.
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