
Correlation between hepatic blood flow and liver function 
in alcoholic liver cirrhosis

Hideaki Takahashi, Ryuta Shigefuku, Yoshihito Yoshida, Hiroki Ikeda, Kotaro Matsunaga, Nobuyuki Matsumoto, 
Chiaki Okuse, Shigeru Sase, Fumio Itoh, Michihiro Suzuki

Hideaki Takahashi, Ryuta Shigefuku, Yoshihito Yoshida, Hi-
roki Ikeda, Kotaro Matsunaga, Nobuyuki Matsumoto, Chiaki 
Okuse, Fumio Itoh, Michihiro Suzuki, Division of Gastroen-
terology and Hepatology, Department of Internal Medicine, St. 
Marianna University School of Medicine, Kawasaki 216-8511, 
Japan 
Hideaki Takahashi, Division of Gastroenterology, Department 
of Internal Medicine, Sapporo Shirakabadai Hospital, Sapporo 
062-0052, Japan
Hideaki Takahashi, Department of Molecular Biology, Sapporo 
Medical University School of Medicine, Sapporo 060-8556, Ja-
pan
Shigeru Sase, Anzai Medical Co., Ltd., Tokyo 141-0033, Japan
Author contributions: Takahashi H and Shigefuku R con-
tributed equally to this article; Takahashi H contributed to the 
study concept and design; Takahashi H, Shigefuku R, Yoshida Y, 
Ikeda H, Matsunaga K, Matsumoto N, Okuse C, Sase S, Itoh F 
and Suzuki M contributed to the acquisition of data; Takahashi 
H, Shigefuku R and Yoshida Y contributed to the analysis and 
interpretation of data; Takahashi H drafted the article or revised 
it critically for important intellectual content; Takahashi H and 
Shigefuku R contributed to the statistical analysis.
Correspondence to: Hideaki Takahashi, MD, PhD, Division 
of Gastroenterology and Hepatology, Department of Internal 
Medicine, St. Marianna University School of Medicine, 2-16-1 
Sugao Miyamae-ku, Kawasaki 216-8511, 
Japan. hide-bo@marianna-u.ac.jp
Telephone: +81-44-9765805  Fax: +81-44-9765805
Received: January 6, 2014      Revised: March 31, 2014 
Accepted: April 27, 2014
Published online: December 7, 2014

Abstract
AIM: To elucidate the correlation between hepatic 
blood flow and liver function in alcoholic liver cirrhosis 
(AL-LC).

METHODS: The subjects included 35 patients with AL-
LC (34 men, 1 woman; mean age, 58.9 ± 10.7 years; 
median age, 61 years; range: 37-76 years). All patients 

were enrolled in this study after obtaining written in-
formed consent. Liver function was measured with 
tests measuring albumin (Alb), prothrombin time (PT), 
brain natriuretic peptide (BNP), branched amino acid 
and tyrosine ratio (BTR), branched chain amino acid 
(BCAA), tyrosine, ammonia (NH3), cholinesterase (ChE), 
immunoreactive insulin (IRI), total bile acid (TBA), and 
the retention rate of indocyanine green 15 min after 
administration (ICG R15). Hepatic blood flow, hepatic 
arterial tissue blood flow (HATBF), portal venous tissue 
blood flow (PVTBF), and total hepatic tissue blood flow 
(THTBF) were simultaneously calculated using xenon 
computed tomography. 

RESULTS: PVTBF, HATBF and THTBF were 30.2 ± 
10.4, 20.0 ± 10.7, and 50.3 ± 14.9 mL/100 mL/min, 
respectively. Alb, PT, BNP, BTR, BCAA, tyrosine, NH3, 
ChE, IRI, TBA, and ICG R15 were 3.50 ± 0.50 g/dL, 
72.0% ± 11.5%, 63.2 ± 56.7 pg/mL, 4.06 ± 1.24, 
437.5 ± 89.4 μmol/L, 117.7 ± 32.8 μmol/L, 59.4 ± 22.7 
μg/dL, 161.0 ± 70.8 IU/L, 12.8 ± 5.0 μg/dL, 68.0 ± 
51.8 μmol/L, and 28.6% ± 13.5%, respectively. PVTBF 
showed a significant negative correlation with ICG R15 
(r  = -0.468, P  <0.01). No significant correlation was 
seen between ICG 15R, HATBF and THTBF. There was 
a significant correlation between PVTBF and Alb (r  = 
0.2499, P < 0.05), and NH3 tended to have an inverse 
correlation with PVTBF (r  = -0.2428, P  = 0.0894). 
There were also many significant correlations between 
ICG R15 and liver function parameters, including Alb, 
NH3, PT, BNP, TBA, BCAA, and tyrosine (r  = -0.2156, P 
< 0.05; r  = 0.4318, P  < 0.01; r  = 0.4140, P  < 0.01; r  
= 0.3610, P  < 0.05; r  = 0.5085, P  < 0.001; r  = 0.4496, 
P  < 0.01; and r  = 0.4740, P  < 0.05, respectively).

CONCLUSION: Our investigation showed that there is 
a close correlation between liver function and hepatic 
blood flow.
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invasive methods such as ultrasonography (US), comput-
ed tomography (CT), and MRI. In methods such as color 
Doppler US[14-17] and angiography[18], intravascular HBF is 
calculated by measuring flow velocities and vessel diam-
eters of  the portal vein and hepatic artery. Furthermore, 
TBF measurement has been attempted using enhanced 
CT and MRI[14,19,20]. Hepatic TBF has been evaluated in 
patients with CLD using Xe-CT[3-13].

HBF generally decreases with disease progression 
in CLD. There are many reports about correlations be-
tween HBF and severity of  liver disease, especially LC. 
Additionally, collateral vessels appear and liver function, 
such as liver synthesis and disposal capability, declines in 
LC. Thus, in order to assess the state of  CLD it is very 
important to evaluate HBF. However, the correlation 
between HBF and liver function remains unclear. This 
study aimed to measure liver function and HBF using 
Xe-CT and to elucidate the correlation between HBF and 
liver function in alcoholic LC (AL-LC). 

MATERIALS AND METHODS
Patients
 Between October 2001 and September 2012, we per-
formed Xe-CT on 556 patients. Of  556 patients, 35 with 
AL-LC (34 men, 1 woman; mean age, 58.9 ± 10.7 years; 
median age, 61 years; range 37-76 years) who provided 
written informed consent in advance were enrolled in this 
study (Table 1). They had no severe heart, renal and respi-
ratory disease apart from liver cirrhosis. After confirma-
tion of  the above criteria and absence of  hepatocellular 
carcinoma to exclude the influence of  intrahepatic flow, 
Xe-CT was performed on admission. All study protocols 
were conducted in accordance with the ethics guidelines 
of  the Declaration of  Helsinki and approved by the eth-
ics committee at our institution (approval No. 480). 

Xe-CT theory
Xe is an inert gas that is present in the atmosphere in 
trace amounts. A high atomic weight and X-ray mass ab-
sorption coefficient for the element Xe facilitate the mea-
surement of  changes in tissue concentrations of  Xe with 
CT. In Xe-CT, changes in Xe concentrations over time 
are measured in the hepatic tissue and spleen. By apply-
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Table 1  Characteristics of patients with alcoholic liver 
cirrhosis

Characteristics

Patients (n)
   Gender
      Male 34
      Female   1
   Age (yr)
      Average 58.9 ± 10.7
      Range 37-76
      Median 61

Data represent raw number of patients or mean ± SD.

Key words: Alcoholic liver cirrhosis; Hepatic tissue blood 
flow; Liver function; Indocyanine green; Xenon com-
puted tomography

Core tip: Hepatic blood flow (HBF) generally decreases 
with disease progression in chronic liver disease. Ad-
ditionally, collateral vessels appear and liver function, 
such as liver synthesis and disposal capability, declines 
in liver cirrhosis (LC). Notably, in LC it is known that 
liver function deteriorates in almost direct proportion to 
progression of liver disease parameters such as Child-
Pugh classification. Thus, in order to assess the state 
of chronic liver disease it is very important to evaluate 
HBF. The aim of the present study was to measure liver 
function and HBF using xenon computed tomography, 
and to elucidate the correlation between HBF and liver 
function in alcoholic LC. 
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INTRODUCTION
In general, liver function gradually deteriorates as chronic 
liver disease (CLD) progresses. Notably, in patients with 
liver cirrhosis (LC), liver function deteriorates in almost 
direct proportion to liver disease progression such as an 
increase in Child-Pugh classification. Additionally, hepatic 
blood flow (HBF) gradually decreases as CLD progress-
es. Thus, to assess the state of  CLD, it is very important 
to evaluate HBF. However, it is difficult to evaluate HBF 
because the liver receives blood from both the portal vein 
and hepatic artery, and these systems are known to use 
independent mechanisms for blood flow adjustment.

Xenon computed tomography (Xe-CT) is a conve-
nient and noninvasive method combining xenon gas 
inhalation with CT to quantify and visualize tissue blood 
flow (TBF). It is widely used in neurosurgical practice to 
evaluate cerebral TBF[1,2]. Xe-CT can also be used to ob-
tain separate noninvasive measurements of  hepatic arte-
rial tissue blood flow (HATBF) and portal venous tissue 
blood flow (PVTBF) to detect changes in HBF caused by 
CLD progression[3-13]. Xe-CT using a dual blood supply 
model has been used to evaluate HATBF and PVTBF 
separately[3,8,9]. HBF obtained by Xe-CT corresponds to 
TBF, not intravascular blood flow because Xe gas can 
penetrate the hepatocytes. HBF can be obtained by other 
modalities such as perfusion CT, perfusion magnetic 
resonance imaging (MRI), and enhanced ultrasound, 
and these are the methods used to measure intravascular 
blood flow in the liver. 

Recently, HBF has been evaluated using various non-



ing the Fick principle[21], a single blood supply model (in-
flow: arterial only, outflow: venous) can be fitted to a dual 
blood supply model (inflow: arterial and portal venous) 
to separately determine HATBF (mL/100 mL/min) and 
PVTBF (mL/100 mL/min) (Figure 1). Total hepatic 
tissue blood flow (THTBF) is the sum of  HATBF and 
PVTBF.

Xe-CT imaging protocol
The imaging devices, protocol, and processing were the 
same as previously reported[9,10]. We used 25% stable Xe 
gas in conjunction with an AZ-726 Xe gas inhalation sys-
tem (Anzai Medical Co., Ltd., Tokyo, Japan). The wash-
in and wash-out periods were both 4 min. The entire 
liver was examined by CT at 1-min intervals at 4 levels, 
including the porta hepatis (9 scans in total, including 
the baseline scan) (Figure 2). Using an AZ-7000W image 
processing system (Anzai Medical Co., Ltd.), PVTBF, 
HATBF, and THTBF were calculated, and these maps 
were created. The time course change rate for the arterial 
Xe concentration, which was needed to calculate PVTBF 
and HATBF, was derived using the time course of  the Xe 
concentration in the spleen tissue. An Aquilion CT scan-
ner (Toshiba Medical Systems Corporation, Tokyo, Japan) 
was used, with exposure factors of  120 kV, 150 mA, and 
13.8 mGy. Confidence values indicated the difference 
between theoretical and actual changes in CT values over 
time and were used as an index of  reliability (Figure 3). 
Regions of  interest (ROI) were chosen at 4 levels, and 
areas with low reliability were automatically excluded 
(Figure 3). The mean of  the 4 levels was used to deter-
mine PVTBF and HATBF in each patient, and THTBF 
was calculated as the sum of  PVTBF and HATBF (Figure 
4). Xe-CT was performed on admission. The analysts of  
the Xe-CT data were blinded to the results of  the clinical 

information.

Liver function and ICG R15
Liver function tests were measured on admission. Liver 
function tests included the following parameters: albumin 
(Alb) (g/dL), prothrombin time (PT) (%), brain natri-
uretic peptide (BNP) (pg/mL), branched amino acid and 
tyrosine ratio (BTR), branched chain amino acid (BCAA) 
(μmol/L), tyrosine (μmol/L), ammonia (NH3 μg/dL), 
cholinesterase (ChE IU/L), immunoreactive insulin (IRI 
μU/mL), total bile acid (TBA μmol/L), and the retention 
rate of  indocyanine green 15 min after administration (ICG 
R15) (%). ICG (Diagnogreen®, Daiichi Sankyo Co., Tokyo, 
Japan; 0.5 mg/kg body weight) was administered via a pe-
ripheral vein, and venous blood was sampled before and 
15 min after injection. Specimens were analyzed for ICG 
concentrations on a spectrophotometer at 805 nm.

Statistical analysis
Each parameter is expressed as mean ± SD. The Pear-
son product-moment correlation coefficient was used 
to examine correlations between TBF parameters and 
liver function tests. The Pearson product-moment cor-
relation coefficient is a measure of  the linear correlation 
between two variables. It is defined as covariance of  the 
two variables divided by the product of  standard devia-
tions. All statistical tests were performed with the statisti-
cal software, GraphPad Prism (GraphPad Software, Inc., 
La Jolla, California, United States). P values < 0.05 were 
considered statistically significant.

RESULTS
Hepatic TBF, ICG R15, and liver function 
Hepatic TBF as measured by Xe-CT, ICG R15, and liver 
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Portal vein

Hepatic vein
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Ca(t ) fa
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Figure 1  Schema of the dual supply model and the basic equation for hepatic blood flow of xenon computed tomography. Based on the changes over time 
in CT values for the hepatic tissues and the spleen, hepatic tissue blood flow (TBF) was calculated by applying the Fick principle using Kety-Schmidt’s equation to 
obtain arterial blood flow (fa), portal blood flow (fp), and lambda (λ) values in the human liver on a pixel-by-pixel basis in xenon computed tomography (Xe-CT). This 
dual blood supply model for the liver was used to calculate hepatic blood flow by Xe-CT. Ch(t), Ca(t), Cv(t), and Cpv(t) represent time-dependent Xe concentrations 
in the liver tissue, arterial blood, venous blood, and portal blood, respectively. Arterial and portal blood flows per unit volume of liver tissue are indicated by fa and fp, 
respectively. Cp(t) represents the time-dependent Xe concentration in the portal organ tissue, and fpa indicates blood flow per unit volume of portal organ tissue.
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ing Alb, NH3, PT, BNP, TBA, BCAA, and tyrosine (r = 
-0.2156, P < 0.05; r = 0.4318, P < 0.01; r = 0.4140, P 
< 0.01; r = 0.3610, P < 0.05; r = 0.5085, P < 0.001; r = 
-0.3123, P < 0.05; and r = 0.4740, P < 0.05, respectively) 
(Table 3 and Figure 7).

DISCUSSION
Some methods that can be used to measure HBF include 
organ-reflectance spectrophotometry and hydrogen 
clearance[22,23], direct catheter insertion[18,24], continuous 
spectral Doppler US[16,17], dynamic CT[20], and dynamic 
MRI[14]. HBF gradually decreases as liver disease pro-
gresses in all patients with CLD including alcoholic liver 
disease[7,9,16,17,20,22,23], nonalcoholic fatty liver disease[8,9,12,13], 
and liver disease related to hepatitis C virus[6,7,9,13]. 

Liver function gradually deteriorates as CLD pro-
gresses. In particular, liver function deteriorates in almost 

function is summarized in Table 2. 

Correlation between hepatic TBF and ICG R15
PVTBF showed a significant negative correlation with 
ICG R15 (r = -0.468, P < 0.01, Figure 5). No significant 
correlation was seen between ICG 15R and HATBF and 
THTBF.

Correlation between hepatic TBF, ICG R15 and liver 
function
The correlations between hepatic TBF as measured by 
Xe-CT, ICG R15, and liver function are summarized in 
Table 3, Figure 6, and Figure 7. There was a significant 
correlation between PVTBF and Alb (r = 0.2499, P < 
0.05), and NH3 tended to have an inverse correlation 
with PVTBF (r = -0.2428, P = 0.0894) (Table 3 and 
Figure 6). There were also many significant correlations 
between ICG R15 and liver function parameters, includ-
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Figure 2  Measuring methods of hepatic tissue blood flow using xenon computed tomography. Xenon concentration in inhaled gas was 25%, and a 4-min 
wash-in and 4-min wash-out were used. Computed tomography (CT) at each of the 4 levels was performed 8 times at 1-min intervals. Patients held their breath during 
each scan to prevent movement of the liver caused by respiration. CT of the spleen was used to measure arterial xenon concentrations.
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direct proportion to liver disease progression in patients 
with LC. Additionally, a hyperdynamic state appears as 
CLD progresses, especially in LC, and total plasma vol-
ume gradually increases[24]. In the portal venous system, 

including the celiac artery and superior mesenteric artery 
in particular, splenic arterial flow prominently increases 
and accounts for a considerable amount of  the portal 
venous system volume[24]. Conversely, HBF generally 
decreases with disease progression[16-18,20,22,23,25-27], and we 
have reported results similar to those previously report-
ed[6-9,12]. In addition, portal flow decreases in inverse pro-
portion to ICG R15[14,20]. We also previously reported that 
portal flow gradually decreases in patients with LC as the 
Child-Pugh score increases or disease stage advances[7,9]. 
Berzigotti reported that HBF estimations by Doppler US 
and ICG are significantly correlated[28]. This study showed 
that ICG R15 can be a more valuable and precise index 
that reflects both HBF and liver function because there 
were many significant correlations between ICG R15 and 
liver function in our investigation. Presently, we have a 
renewed sense of  the importance of  ICG R15.

In general, portal/hepatic arterial flow ratio (P/A) 
is approximately 2[29]. However, there is a compensatory 
mechanism called the hepatic arterial buffer response[24-27], 
which maintains total HBF by increasing hepatic arte-
rial flow in response to decreasing portal flow[24-27]. This 
hepatic hemodynamic alteration, particularly the decrease 
of  portal flow, causes collateral vessel development, espe-
cially the emergence of  esophagogastric varices (EGV). 
The portal vein acts as a functional vessel, and the hepat-
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Figure 3  Measurement of hepatic tissue blood flow and confidence values obtained using xenon computed tomography. A: Baseline computed tomography; B: 
Confidence map. The original blood flow maps were modified by automatically excluding any pixels with confidence values exceeding the threshold in the confidence 
map. The white areas on the confidence map indicate regions of low reliability and were automatically excluded. Confidence values indicate the difference between 
theoretical and actual changes over time on xenon computed tomography (Xe-CT); C: Portal tissue blood flow (PVTBF) map; D: Hepatic arterial tissue blood flow 
(HATBF) map; E: Total hepatic tissue blood flow (THTBF) map. Maps were created for portal venous TBF (PVTBF; C), hepatic arterial TBF (HATBF; D), the Xe solubil-
ity coefficient, and confidence values for each pixel in the liver based on changes over time in the Xe-CT numbers in the hepatic tissue and spleen.

Table 2  Hepatic tissue blood flow, retention rate of indocya-
nine green 15 min after administration, and liver function

PVTBF (mL/100 mL/min)   30.2 ± 10.4
HATBF (mL/100 mL/min)   20.0 ± 10.7
THTBF (mL/100 mL/min)   50.3 ± 14.9
Alb (g/dL)   3.50 ± 0.50
PT   72.0% ± 11.5%
ChE (IU/L)    161 ± 70.8
BNP (pg/mL)   63.2 ± 56.7
TBA (μmol/L)   68.0 ± 51.8
NH3 (μg/dL)   59.4 ± 22.7
ICG R15   28.6% ± 13.5%
BTR   4.06 ± 1.24
BCAA (μmol/L) 437.5 ± 89.4
Tyrosine (μmol/L) 117.7 ± 32.8
IRI (μg/dL) 12.8 ± 5.0

Data represent mean ± SD. PVTBF: Portal venous tissue blood flow; 
HATBF: Hepatic arterial tissue blood flow; THTBF: Total hepatic tissue 
blood flow; ICG R15: Retention rate of indocyanine green 15 min after ad-
ministration; Alb: Albumin; PT: Prothrombin time; BNP: Brain natriuretic 
peptide; BTR: Branched amino acid and tyrosine ratio; NH3: Ammonia; 
ChE: Cholinesterase; IRI: Immunoreactive insulin; TBA: Total bile acid.
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ic artery acts as a feeding vessel[29]. Portal flow transports 
fatty acids, glycerin, glucose, amino acids, and other com-
pounds on one hand, and bilirubin, ammonia, aromatic 
amino acids, and other compounds on the other hand 
into the hepatocytes to metabolize. One is to synthesize 

and the other is to discard. Portal flow is important in 
metabolism. In this study, unlike HATBF and THTBF, 
PVTBF had a stronger correlation with liver function 
and disease status. PVTBF has predominance and plays 
an important role in HBF. Furthermore, PVTBF has an 
active hemodynamic change. Conversely, HATBF has a 
passive hemodynamic change.

Generally, when HBF decreases, a compensatory 
mechanism is called upon for O2 concentration mainte-
nance. This results in an increase of  O2 extraction (oxy-
gen desaturation). However, if  HBF further decreases, 
that mechanism cannot compensate adequately for O2 
concentration maintenance, and a decrease in oxygen 
consumption follows[22,23]. The decrease in HBF and oxy-
gen consumption induces oxidant stress and cytokines 
that trigger inflammation. As a consequence, fibrosis 
progresses and HBF further decreases, thus creating a 
vicious cycle[23]. As CLD progresses, liver synthesis and 
disposal capability decline. Hayashi et al[22] reported a 
significant positive correlation between HBF and local 
oxygen consumption in alcoholic liver disease and low 
levels of  HBF and local oxygen consumption (even in 
the alcoholic fatty liver), which gradually decreased as 
CLD progressed. Moreover, they reported a significant 
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Figure 4  Measurement of hepatic tissue blood flow using xenon computed tomography. Measurement of hepatic tissue blood flow (TBF) and confidence val-
ues obtained using xenon computed tomography (Xe-CT). Maps were created for portal venous TBF (PVTBF; B), hepatic arterial TBF (HATBF; C), the Xe solubility 
coefficient, and confidence values for each pixel in the liver on the basis of changes over time in the Xe-CT numbers in the hepatic tissue and spleen. A: Base line CT; 
B: Portal blood flow map; C: Arterial blood flow map; D: Total hepatictissue blood flow (THTBF) map.
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Figure 5  Correlation between portal venous tissue blood flow and reten-
tion rate of indocyanine green 15 min after administration. Portal venous 
tissue blood flow (PVTBF) was significantly negatively correlated with retention 
rate of indocyanine green 15 min after administration (ICG R15) (r = -0.442, P 
< 0.01).
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Table 3  Correlation between hepatic tissue blood flow, retention rate of indocyanine green 15 min after administration, and liver 
function

PVBTF HATBF THTBA ICG R15

r P  value r P  value r P  value r P  value

Alb (g/dL)  0.2499 < 0.05 -0.0251 NS  0.0452 NS -0.2156 < 0.05
NH3 (μg/dL) -0.2428 0.0894 -0.1479 NS -0.1307 NS  0.4318 < 0.01
PT  0.1475 NS  0.1947 NS  0.0690 NS -0.4140 < 0.01
BNP (pg/mL) -0.0231 NS -0.0231 NS  0.0330 NS  0.3610 < 0.05
TBA (μmol/L) -0.1810 NS -0.0160 NS  0.0483 NS  0.5085 < 0.01
T Chol (mg/dL) -0.0618 NS  0.2007 NS  0.0483 NS  0.4195 < 0.05
ChE (IU/L) -0.0613 NS  0.0704 NS  0.0197 NS -0.0952 NS
BTR -0.1329 NS  0.2103 NS  0.0801 NS -0.2378 NS
BCAA (μmol/L) -0.3123 NS  0.2031 NS -0.0220 NS -0.3123 < 0.05
Tyrosine (μmol/L)  0.0644 NS -0.0317 NS -0.0078 NS  0.4740 < 0.01
IRI (μg/dL) -0.0377 NS  0.0509 NS -0.0509 NS  0.1251 NS

PVTBF: Portal venous tissue blood flow; HATBF: Hepatic arterial tissue blood flow; THTBF: Total hepatic tissue blood flow; Alb: Albumin; PT: Prothrombin 
time; BNP: Brain natriuretic peptide; BTR: Branched amino acid and tyrosine ratio; NH3: Ammonia; ChE: Cholinesterase; IRI: Immunoreactive insulin; TBA: 
Total bile acid; BCAA: BCAA: Branched-chain amino acids; NS: Not significant.
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positive correlation between ICG R15 and local oxygen 
consumption in alcoholic liver disease, suggesting a close 
association between HBF and local oxygen consumption 
and, by extension, liver-sparing ability in CLD. Addition-
ally, portal flow increases and intestinal hemodynamics 
improve as a result of  interrupted blood flow to the col-
lateral vessels. By inference, these phenomena may result 
in increased estimated hepatic oxygen consumption, he-
patocyte function, and synthesis. 

There are some reports which relate HBF to liver 
function. Noiret et al[30] reported that the redistribution 
of  organ blood flow associated with severe cirrhosis 
was sufficient to cause hyperammonemia, even when 
the hepatic detoxification function and the ammonia 
production were set to normal. They noted that interven-
tions that reduce the fraction of  shunting may be future 
targets of  therapy to control hyperammonemia severity. 
Maruyama et al[31] reported that patients with hepatofugal 
flow had a significantly higher incidence of  ascites than 
those with hepatopetal flow, higher Child-Pugh clas-
sification, and higher incidence of  decompensated liver 
and rectal varices. Two reports suggest that depending 
on the severity of  portal hypertension, decrease of  HBF 
can lead to deteriorated liver function in spite of  relative 
preservation of  hepatocellular function. In addition, we 
reported that PVTBF increased after endoscopic injec-
tion sclerotherapy for EGV, and HATBF decreased in 
response to an increase in PVTBF[12]. In the future, we 

will elucidate whether hemodynamic alteration leads to 
the amelioration of  liver function.

In conclusion, there is a significant close correlation 
between PVTBF, ICG R15, and liver function.
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