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Background/Aims: Plug-assisted retrograde transvenous
obliteration (PARTO) is widely used to manage gastric varices
with a portosystemic shunt. It is not clear whether portal
pressure and the incidence of complications increase after
PARTO. The aim of this study was to determine the changes
in portal pressure and the associated changes in liver func-
tion, ascites, hepatic encephalopathy, and especially esopha-
geal varix (EV) after PARTO. Methods: From March 2012 to
February 2018, 54 patients who underwent PARTO were
analyzed retrospectively. The parameters collected included
liver function and episodes of cirrhotic complications before
and at 1 and 6 months after PARTO. Results: The analysis of
54 patients showed improvement in liver function during the
6-month follow-up period (Model for End-Stage Liver Disease
score: change from 11.46+4.35 to 10.33+£2.96, p=0.021).
Among these 54 patients, 25 patients were evaluated for
their hepatic venous pressure gradient (HVPG) before and
after PARTO (change from 12.52+3.83 to 14.68+5.03 mm
Hg; p<0.001). Twenty-five patients with portal pressure mea-
sured before and after PARTO were evaluated for risk factors
affecting liver function improvement and EV deterioration. No
factor associated with portal pressure was affected by liver
function improvement. Post-PARTO portal pressure was a
risk factor affecting EV deterioration (HVPG-post: odds ratio,
1.341; 95% confidence interval, 1.017 to 1.767; p=0.037).
Conclusions: The artificial blockade of the portosystemic
shunt evidently leads to an increase in HVPG. Liver function
was improved over the 6-month follow-up period. Portal pres-
sure after PARTO was a significant risk factor for EV deteriora-

tion. Portal pressure measurement is helpful for predicting
the patient’s clinical outcome. (Gut Liver 2020;14:783-
791)
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INTRODUCTION

Gastric varix (GV) is one of the lethal complication in patients
with decompensated liver cirrhosis.'” Because of increased
variceal flow, hemostasis is difficult in GV. It can lead to rapid
and massive bleeding." Endoscopic variceal obturation and
balloon-occluded retrograde transvenous obliteration (BRTO)
have been mainly used for prevention or treatment of GV
bleeding.”'® BRTO is very effective in controlling GV bleeding.
However, at least several hours of bed rest after the procedure is
needed, and balloon rupture can lead to devastating outcomes."'

It has been reported that BRTO improves liver function and
hepatic encephalopathy (HE) of patients by blocking porto-
systemic shunt artificially and improving blood flow to the
liver.""” These procedures lead to improve the patient’s portal
pressure than baseline, although with increased risk of portal
hypertension related complications such as esophageal varix (EV)
or ascites.? However, few studies have examined the change in
portal pressure in patients undergoing BRTO."

Recently, plug-assisted retrograde transvenous obliteration
(PARTO) has been widely used to compensate for the shortcom-
ings of BRTO."'® PARTO does not require an indwelling bal-
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loon, and entails a shorter procedure time than BRTO. Thus, it is
advantageous for both the practitioner and the patient. Safety
has been greatly improved using a plug rather than balloon to
overcome the risk of balloon rupture on BRTO."" Although
several safety and efficacy studies of PARTO are available, there
are no serial follow-up studies investigating the changes in por-
tal pressure after the procedure or its clinical impact on patients.

Thus, the purpose of this study was to compare the changes
in portal pressure before and after PARTO and examine the
incidence of related complications such as EV and ascites. This
study also investigated the improvement in liver function and
HE.

MATERIALS AND METHODS
1. Patient population

A total of 73 patients underwent PARTO in a single tertiary
hospital from March 2012 to February 2018. We retrospectively
analyzed 54 patients, excluding 15 patients who were lost
follow-up and four patients who died within a month after
PARTO (two patients died from deterioration of liver function,
the other two patients died from EV bleeding and infection,
respectively). In the 26 of the 54 enrolled patients, hepatic
venous pressure gradient (HVPG) measurement was performed
before and after PARTO (Fig. 1). Among them, HVPG was
measured incorrectly in one patient because of shunt between
right and inferior hepatic vein. Therefore, the data of 25 patients
were analyzed.

Patient characteristics are listed in Table 1. PARTO was
performed for various indications (active bleeding, 11/54
[20.49%]; recent bleeding, 13/54 [24.1%)]; primary prophylaxis
for impending rupture 29/54 [53.7%)]; and just for HE control
without GV, 1/54 [1.9%]). One patients, who suffered from
intractable and repeated disorientation for several months, had
PARTO for HE control.

This study protocol conformed to the ethical guidelines of

| 73 Patients who had undergone PARTO |

the World Medical Association Declaration of Helsinki and was
approved by the Institutional Review Board of Soonchunhyang
University Hospital (IRB number: 2019-03-024-001).

2. Techniques

One attending interventional radiologist performed the
procedures. All patients were evaluated endoscopically for GV
and indications for PARTO. Abdominal computed tomography
(CT) was performed to confirm the presence of gastrorenal shunt
or possibility of PARTO intervention. Patients were kept fasting
and all medication potentially affecting portal pressure were
discontinued 24 hours in advance.

The HVPG was measured and PARTO conducted after
puncturing the right common femoral vein under ultrasound
guidance and insertion of 7- or 8-F sheath (Terumo, Tokyo,
Japan). We initially used the right common femoral vein in
all patients. However, when insertion of a sheath into the
gastrorenal shunt through the right common femoral vein was
not feasible due to an acute angle between the left renal vein
and adrenal vein, the right internal jugular vein was used.
Right hepatic vein was selected using a 0.035-inch, 180-cm
long-hydrophilic guide wire (Terumo, Tokyo, Japan). Wedged
hepatic venous pressure was measured three times in the right
hepatic vein with a 5-F, 7 mm balloon catheter (Clearstream
technologies, Wexford, Ireland). The contrast material (lomeron®
300; Bracco, Konstanz, Germany) was used for inferior vena
cava and wedged hepatic venograms. The balloon catheter
was inflated until a similar wedged position was obtained. All
procedures associated with catheter placement were carried out
under fluoroscopic guidance. Adequate occlusion of the hepatic
vein was confirmed by the absence of backflow following dye
injection. Prior to recording of the tracings, the wedge hepatic
venous pressure was stabilized for at least 45 to 60 seconds.”

After the measurement of HVPG three times, the left adrenal
vein was navigated through the left renal vein and the sheath
was inserted into the gastrorenal shunt. The guidewire and cath-

19 Exclusion
» 15 Follow up loss
4 Death within 1 month after PARTO

A

| 54 Patients included in the study |

\4

26 Patients who checked
HVPG before and after PARTO

Fig. 1. Flowchart showing the en-

| 1 Exclusion
"I 1 Incorrect measurement of HYPG

rollment of patients.
PARTO, plug-assisted retrograde

transvenous obliteration; HVPG,

54 Clinical outcome analysis of liver function,
EV, ascites, and HE

25 Analysis of the relationship between
portal pressure and clinical outcome

hepatic venous pressure gradient;
EV, esophageal varices; HE, hepatic
encephalopathy.
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Table 1. Clinical Characteristics of the Patients Who Underwent PARTO

Variable Total Child-Pugh A Child-Pugh B/C p-value
No. 54 26 28
Age, yr 56.60+10.26 57.04+8.72 56.21+11.64 0.771
Sex 0.382
Male 37 (68.5) 16 (61.5) 21 (75.0)
Female 17 (31.5) 10 (38.5) 7 (25.0)
Etiology 0.450
Alcohol 24 (44.4) 10 (38.5) 14 (50.0)
HBV 14 (25.9) 8 (30.8) 6(21.4)
HCV 2(3.7) 2(7.7) 0
Others 14 (25.9) 6 (23.1) 8 (28.6)
MELD score 11.46+4.35 9.35+2.61 13.5+4.67 <0.001*
Gastric varix type 0.417
GOV1 12 (22.2) 5(19.2) 7 (25.0)
GOV2 36 (66.7) 17 (65.4) 19 (67.9)
Others 5(9.3) 4 (15.4) 1(3.6)
None 1(1.9) 0 1(3.6)
PARTO indication 0.574
Active bleeding 11 (20.4) 4 (15.4) 7 (25.0)
Recent bleeding 13 (24.1) 6 (23.1) 7 (25.0)
Primary prophylaxis 29 (53.7) 16 (61.5) 13 (46.4)
HE control 1(1.9) 0 1(3.6)
EV change after PARTO 0.572
Deterioration 26 (53.1) 11 (47.8) 15 (57.7)
No change 23 (46.9) 12 (52.2) 11 (42.3)
Liver function improvement after PARTO 0.02*
Improvement 17 (31.5) 4(15.4) 13 (46.4)
No change or deterioration 37 (68.5) 22 (84.6) 15 (53.6)

Data are presented as mean+SD or number (%).
PARTO, plug-assisted retrograde transvenous obliteration; HBV, hepatitis B

virus; HCV, hepatitis C virus; MELD, Model for End-Stage Liver Dis-

ease; GOV1, gastroesophageal varix type 1; GOV2, gastroesophageal varix type 2; HE, hepatic encephalopathy; EV, esophageal varices.

*Statistically significant, p<0.05.

eter were subsequently removed, and the vascular plug was de-
ployed. Among the various types of vascular plugs, we used the
Amplatzer Vascular Plug I (AGA Medical Corp., Plymouth, MN,
USA). The size of the vascular plug was selected according to
the diameter of the narrowest gastrorenal shunt, as measured on
a CT scan, and the sizes ranged from 8 to 20 mm in diameter or
20% larger than the targeted gastrorenal shunt so as to prevent
migration (mean shunt size, 8.63+2.28 mm; mean plug size,
12.79+3.45 mm) (Table 2). To facilitate the entry into the gas-
trorenal shunt proximal to the vascular plug, the vascular plug
was deployed at the most dilated gastrorenal shunt. The gastro-
renal shunt proximal to the vascular plug was then negotiated
using the guidewire and the 4-F angled-tip catheter between the
vascular plug and the shunt wall. The vascular plug was pulled
down to the narrowest gastrorenal shunt while maintaining the
position of the catheter to block the shunt flow and to prevent

vascular plug migration. When the varix was not properly iden-
tified by the feeding veins, the inflow veins were blocked with
a tornado coil (Cook Inc, Bloomington, IL, USA) and a vortex
coil (Target Therapeutics, Fremont, CA, USA), measuring 3, 4,
and 5 mm using a 2.2-F microcatheter (Fig. 2A). The mean total
procedure time was 70.13+35.69 minutes. HVPG was measured
again after mounting the plug (Fig. 2B). The catheter was subse-
quently removed, and the delivery cable attached to the end of
the vascular plug was then detached."

3. Follow-up evaluation and definitions

Patients were assessed indirectly for changes in hepatic func-
tion and bleeding via laboratory testing on the day of PARTO
and one day after PARTO. In the absence of any complication
after PARTO, abdominal CT and endoscopy were performed
within 1 to 3 months to evaluate the success of the procedure
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and re-evaluate GV. Patients had been followed up at intervals
of 2 to 3 months and re-evaluated using laboratory tests and
clinical findings. We reviewed the patients’ hepatic function
at baseline, and again at 1 and 6 months after PARTO based
on Child-Pugh score and Model for End-Stage Liver Disease
(MELD) scores. We also evaluated long-term changes in patients
with a mean follow-up time of 28+19.8 months (range, 6 to 78
months). The degree of ascites was measured via ultrasonogra-
phy or CT scan and graded according to International Ascites
Club guidelines.

The technical success of PARTO was defined by the complete
occlusion of the efferent shunt and complete filling of GV with
a gelfoam slurry. Eradication of GV was defined by complete or
marked shrinkage of GV after PARTO on follow-up endoscopy
or CT scan. The complications of PARTO were defined according

Table 2. Result of Plug-Assisted Retrograde Transvenous Obliteration

Variable Value (n=54)

Shunt size, mm 8.63+2.28
Plug size, mm 12.79+3.45
Procedure time, min 70.13+35.69
Technical success 54 (100.0)
Eradication of GV 50 (92.6)
Previous procedure before PARTO-EIS 6(11.1)
Additional procedure after PARTO

EIS 2 (3.7)
Complication

Rebleeding 1(1.9)

Fever 1(1.9)

Puncture site bleeding 1(1.9)

None 51 (94.4)

Data are presented as mean+SD or number (%).
GV, gastric varix; PARTO, plug-assisted retrograde transvenous oblit-
eration; EIS, endoscopic injection sclerotherapy.

to Interventional Radiology Standards of Practice Committee.
The HE grade was determined according to West Haven Criteria.
Liver function was compared with based on Child-Pugh score
and MELD score. Serum albumin, bilirubin, and prothrombin
time were also compared, respectively. For analysis of the fac-
tor affecting liver function, the definition of liver function
improvement was considered based on an improvement in the
combined patient’s both Child-Pugh score and MELD scores. EV
deterioration was defined by bleeding or an increase in EV size
compared with the conditions before PARTO.

4. Statistical analysis

All normally distributed data were presented as meanz+standard
deviation. Otherwise, data were presented as medians with
interquartile range. The Student t-test or Mann-Whitney U-test
was used for continuous variables, and the chi-square test or
Fisher exact test was used for categorical variables to determine
the difference between groups. The Wilcoxon signed-rank test
was used to compare changes before and after PARTO. Logistic
regression analysis was used to determine the risk factors for
EV deterioration or liver function improvement. All statistical
analyses were performed using IBM SPSS software version 22
(IBM Corp., Armonk, NY, USA). A p-value less than 0.05 was
considered statistically significant.

RESULTS
1. Efficacy and safety of PARTO and portal pressure change

A technical success rate of 100% and a gastric variceal eradi-
cation rate of 92.6% (50/54) were achieved. Two of the four
patients who were refractory to PARTO experienced additional
GV bleeding within 12 months after PARTO and underwent en-
doscopic variceal obturation for emergent active bleeding con-
trol. Three patients experienced complication after PARTO and
all were minor problems (Table 2). In 25 patients in whom the
portal pressure was measured, there was a significant increase

Fig. 2. (A) Plug-assisted retrograde
transvenous obliteration (PARTO)
and (B) portal pressure measure-
ment. Vascular plug (12 mm) was
inserted, and a gelfoam slurry was
used to fill in the gastrorenal shunt.
Hepatic venous pressure gradient
was measured after PARTO.
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in portal pressure before and after PARTO (changing from
12.52+3.83 to 14.68+5.03 mm Hg, p<0.001) (Fig. 3).

2. EV change after PARTO and the relationship with portal
pressure

Of the total 54 patients, forty-nine patients had esophagogas-
troduodenoscopy performed to evaluate EV deterioration. EV
deterioration was observed in 26 patients (53.1%). There was
no significant difference in EV deterioration when categorized
by patient’s basal liver function (11/23 [47.8%)] in Child-Pugh
A patients; 15/26 [57.7%] in Child-Pugh B/C patients) (Table
1). Endoscopic variceal ligation was performed in two patients
with EV bleeding within 1 month after PARTO. Propranolol re-
quirement was increased for EV control (10/54 patients after 1
month, 12/54 patients after 6 months).

In 25 patients in whom the portal pressure was measured,
EV was evaluated in 19 patients except in six patients who did

=0.001
25 - P

20 A

15 A

10 A

Portal pressure (mm Hg)

O T T 1
HVPG (pre) HVPG (post)

Fig. 3. Hepatic venous pressure gradient (HVPG) change after
plug-assisted retrograde transvenous obliteration (PARTO) (from
12.52+3.83 to 14.68+5.03 mm Hg, p=0.001, n=25).

not have follow-up endoscopy within 6 months after PARTO.
Among 19 patients, EV deterioration was observed in 10 pa-
tients (52.6%) with a mean portal pressure change from 14.5
(11-16.5) to 17 (14.25-21.25) mm Hg compared with patients
without changes in EV (nine patients [47.4%], HVPG from 11
[8-11.5] to 12 [6.5-15] mm Hg). EV deterioration was observed
as bleeding (2/19 patients, 10.5%) or an increase in EV size (8/19
patients, 42.1%) compared with the conditions before PARTO,
during the follow-up endoscopy within 6 months after PARTO.
Only portal pressure after PARTO was a significant risk factor in
multivariate logistic regression analysis (odds ratio, 1.341; 95%
confidence interval, 1.017 to 1.767; p=0.037) (Table 3). Of 10
patients with EV deterioration, eight patients had post-PARTO
portal pressure greater than 15 mm Hg. The other two patients
were 9, and 12 mm Hg, and the patient who checked 9 mm Hg
of HVPG showed 50% of portal pressure change after PARTO
than baseline.

3. Changes in hepatic function after PARTO and the rela-
tionship with portal pressure

Both Child-Pugh score and MELD scores after PARTO showed
significant improvement at 1 and 6 months (Child-Pugh score:
baseline, 6.94+1.76; 6 months later, 6.30+1.44; p<0.001 and
MELD score: baseline, 11.46+4.35; 6 months later, 10.33+2.96;
p=0.021). However, hepatic function was not improved signifi-
cantly during the overall follow-up period (Child-Pugh score:
6.87+1.84, p=0.781 and MELD score: 11.09+3.41, p=0.457)
(Table 4).

Child-Pugh B/C group had a higher proportion of patients
with improved liver function than Child-Pugh A group at 6
months after PARTO than baseline (4/26 [16.0%] in Child-
Pugh A patients and 13/28 [46.4%] in Child-Pugh B/C patients).
Among markers reflecting hepatic function, a significant im-
provement was detected only in serum albumin level (mg/

Table 3. Multivariate Logistic Regression Analysis of Esophageal Varices Aggravation after PARTO (n=19)

Risk factor B SE Wald F p-value OR 95%% CI

Age -0.244 0.210 1.350 0.245 0.784 0.520-1.182
Sex (O=male, 1=female) 3.310 2.096 2.493 0.114 27.378
Cause of LC

Alcohol -0.130 1.719 0.006 0.940 0.878

HBV 2.314 2.552 0.822 0.365 10.112

HCV 1.926 2.046 0.886 0.347 0.146
HVPG (pre) 0.019 0.238 0.007 0.935 1.020 0.639-1.626
HVPG (post) 0.293 0.141 4.330 0.037* 1.341 1.017-1.767
HVPG A 0.214 0.244 0.765 0.382 1.238 0.767-1.998
MELD score -0.056 0.234 0.057 0.812 0.946 0.599-1.495
Child-Pugh score 0.135 0.409 0.109 0.741 1.145 0.513-2.554

PARTO, plug-assisted retrograde transvenous obliteration; SE, standard error; OR, odds ratio; Cl, confidence interval; LC, liver cirrhosis; HBV,
hepatitis B virus; HCV, hepatitis C virus; HVPG, hepatic venous pressure gradient; MELD, Model for End-Stage Liver Disease.

*Statistically significant, p<0.05.
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Table 4. Differences of Hepatic Function Parameters during Follow-up Periods after Plug-Assisted Retrograde Transvenous Obliteration (n=54)

Variable Baseline 1 Month after p-value 6 Months after p-value Mean follow-up p-value
Serum creatinine, mg/dL 0.98+0.30 0.97+0.26 0.700 0.99+0.22 0.804 1.05+0.30 0.059
Albumin, mg/L 3.39+0.65 3.74+0.58 <0.001* 3.73+0.68 <0.001* 3.58+0.73 0.056
PT/INR 1.26+0.22 1.21+0.17 0.002* 1.22+0.20 0.017* 1.22+0.21 0.213
Total bilirubin, mg/dL 1.49+1.25 1.26+0.86 0.039* 1.47+0.94 0.768 1.70+1.36 0.304
Child-Pugh score 6.94+1.76 6.13+1.48 <0.001* 6.30+1.44 <0.001* 6.87+1.84 0.781
MELD score 11.46+4.35 10.06+2.95 0.006" 10.33+2.96 0.021* 11.0943.41 0.457

Data are presented as mean+SD. Note: mean follow-up duration, 28.0+19.8 months (range, 6-78 months).
PT/INR, prothrombin time/international normalized ratio; MELD, Model for End-Stage Liver Disease.

*Statistically significant, p<0.05.
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L) in Child-Pugh A patients (baseline, 3.83+0.41; 6 months later,
4.03+0.55; p=0.012). However, in Child-Pugh B/C patients, a
significant improvement of serum albumin level (mg/L) (baseline,
2.99+0.57; 6 months later, 3.46+0.68; p<0.001) and a decrease
of prothrombin time/international normalized ratio level (base-
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Fig. 4. Changes in liver function parameters after plug-assisted
retrograde transvenous obliteration (PARTO) between two groups
divided by baseline Child-Pugh class. (A) The serum albumin
levels significantly improved in both two groups. (B) However,
the prothrombin time/international normalized ratio (PT/INR)
significantly improved only in the Child-Pugh B/C group, and (C)
the serum total bilirubin level did not improve in the 6 months after
PARTO in either group.

line, 1.359+0.249; 6 months later, 1.280+0.244; p=0.004) were
observed (Fig. 4).

The relationship between liver function and portal pressure
was analyzed. The Child-Pugh score and MELD scores at 6
months were better than baseline in 10 patients (45.5%) (Child-
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Table 5. Multivariate Logistic Regression Analysis of Liver Function Improvement after PARTO (n=23)

Risk factor B SE Wald F p-value OR 95% CI

Age 0.066 0.060 1.224 0.269 1.069 0.950-1.202
Sex (0O=male, 1=female) -0.837 1.119 0.560 0.454 0.433 0.048-3.876
Cause of LC

Alcohol 0314 1.220 0.066 0.797

HBV 20.987 27833 0.000 0.999

HCV 0.260 1.595 0.027 0.871
HVPG (pre) 0.262 0.267 0.962 0.327 1.299 0.770-2.192
HVPG (post) -0.164 0.206 0.638 0.424 0.849 0.567-1.270
HVPG A -0.153 0.200 0.580 0.446 0.859 0.580-1.271

PARTO, plug-assisted retrograde transvenous obliteration; SE, standard error; OR, odds ratio; Cl, confidence interval; LC, liver cirrhosis; HBV,
hepatitis B virus; HCV, hepatitis C virus; HVPG, hepatic venous pressure gradient.

Pugh score: 8 [6-9.25] to 5.5 [5-8]; MELD score: 12.5 [9.25-
16.25] to 10 [8-14]). In multivariate logistic regression analysis,
the portal pressure or its difference before and after PARTO
was not a significant factor affecting liver function (HVPG of
patients with improved liver function: 11.5 [10.75-17.25] to 15
[10.75-16.5] mm Hg; HVPG of patients without improved liver
function: 12 [9.5-15] to 14 [11-21.25] mm Hg) (Table 5).

4. Changes in other cirrhotic complications after PARTO

Only four out of 54 patients had overt HE characterized by
lethargy, disorientation, and mental deterioration with flapping
tremor and higher blood ammonia levels (range, 135 to 340 mg/
dL) at the time of admission to the hospital (one grade 1, one
grade 2, and two grade 3). In all four patients, HE improved to
grade O at 1 month after PARTO. Such improvement continued
until 6 months after PARTO. No hospitalization or additional
medication was required during the observation period. Among
48 patients with grade 1 or 2 ascites except for six patients
with grade 3 ascites, an increase in the amount of ascites was
detected in eight patients (16.7%) within 1 month and none at 6
months after PARTO.

DISCUSSION

The technical success rate (100%) of PARTO was similar
with a recent study reporting 98.6% (72/73)."” The rate of
complications related to the procedure was only 5%. In
addition, all complications were minor such as fever and minor
oozing at the puncture site. No serious complications such as
bacterial peritonitis, portal or renal vein thrombosis, pulmonary
embolism, or pulmonary edema were detected. These results
support the safety and efficacy of PARTO.

EV is expected to deteriorate due to an increase in portal
pressure after PARTO. According to BRTO studies, the risk of
increased EV size and bleeding after BRTO was 7.3% and 27%
within 1 year, respectively.*”"*” Jogo et al.”’ suggested that a

serum total bilirubin level of 1.6 mg/dL or higher and an HVPG
of 13 mm Hg or higher are risk factors for EV deterioration.
According to a multicenter study of 183 patients in Korea, 54
of 136 patients (39.7%) showed worse EV grade after PARTO."
In our study of 54 patients, EV worsening was observed in 26
patients (53.1%) and 16 of them underwent endoscopic variceal
ligation. Of the 19 patients who had portal pressure measured
and underwent follow-up endoscopy, only portal pressure after
PARTO was a significant factor affecting EV deterioration. Ten
patients with EV deterioration developed portal pressure of 15
mm Hg or more after PARTO. Of the remaining two patients,
one patient had increased portal pressure by more than 50%
from baseline. In multivariate analysis, portal pressure after
PARTO had a significant effect on EV deterioration. However,
sudden changes in portal pressure are expected to affect EV
deterioration, but further study is needed with sufficient sample
size.

The hepatic function of the treated patients improved signifi-
cantly during the 6 months of observation period. In particular,
the serum albumin level and the prothrombin time improved
after 6 months compared with the baseline. A few studies on
BRTO reported a transient improvement in liver function due
to increased portal blood flow. Kumamoto et al.** reported that
a large splenorenal shunt can improve the liver function com-
pared with a non-BRTO-treated group. However, after an aver-
age of 3 years, the liver function became similar to the baseline.
In our study, the liver function significantly improved during
6 months compared with that at baseline. However, it did not
continue for long-term follow-up period during the overall
28+19.8 months (range, 6 to 78 months). Uehara et al."* ana-
lyzed the changes in portal pressure following shunt occlusion
and reported improvement in liver function during a 6-month
observation period when a 20% increase over the baseline
portal pressure was detected. And they reported patients with
Child-Pugh class B or C showed more improvement in the albu-
min level, prothrombin time, and total bilirubin level compared
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to Child-Pugh class A. In the present study, the portal pressure
change was not a significant factor in the improvement of liver
function. In the patients with Child-Pugh class B or C, more
patients improved liver function after PARTO. Among the pa-
rameter affecting liver function, serum albumin level and pro-
thrombin time improved in the patients with Child-Pugh class B
or C during 6 months after PARTO. However, only serum albu-
min level improved in the patients with Child-Pugh class A. Our
results were similar to the previous study.

A major advantage of blocking the portosystemic shunt is the
improvement in HE.>”"**?® Of four patients, only one received
PARTO just for HE control without GV. The improvement of HE
was reported in the previous BRTO study as mentioned in the

"1 and was based on the same results in the recent

introduction,
PARTO study in Korea.”'>”” All the four patients diagnosed
with HE showed clinical improvement after PARTO in the
present study. Overall, the serum ammonia level of the enrolled
patients returned to normal range at 1 week after PARTO (from
127.4458.0 to 28.1+9.8 pumol/L, p=0.002), similar to the results
of other studies.”” In a study of ascites, the increase in ascites
ranged from 00 to 44% of patients after BRTO.”® In the present
study, there was no clinically significant aggravation in ascites,
especially at 6 months after PARTO.

This study has several limitations. First, this was a retrospec-
tive study. Thus, the interpretation of the results was limited in
the absence of a control group. However, the results of this study
support the safety and efficacy of PARTO, which has been per-
formed widely, with excellent results for HE. The liver function
also improved in these patients and was sustained over a mean
observational period of 28+19.8 months (range, 6 to 78 months).
However, a long-term follow-up is needed with larger sample
size.

In conclusion, the portal pressure significantly increased
after PARTO. During 6 months of observation period, hepatic
function and HE improved, and EV deteriorated. Post-
procedural portal pressure was the only significant risk factor
for EV deterioration. Thus, a serial follow-up of portal pressure
can facilitate the prediction of EV bleeding. However, further
long-term follow-up and prospective studies are needed to
corroborate these results.
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