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 Summary
 Background: The hemodynamic changes in hepatic vascular structures of hepatosteatosis patients were 

examined using Doppler ultrasonography.

 Material/Methods: Ninety hepatosteatosis patients, classified as mild, moderate or severe, and 30 healthy volunteers 
were included in this 120-person study. The height, weight, liver size, blood lipids and blood liver 
function tests of the subjects were measured. Those values were compared in the patient and 
control groups. In the patient and control groups, color duplex Doppler ultrasonography was used 
to examine portal vein peak velocity, portal vein flow volume, hepatic artery resistive index (RI), 
hepatic artery pulsatility index (PI) and hepatic artery flow volume.

 Results: Similarly to the degree of hepatosteatosis, increases in body mass index, liver size, liver enzyme 
levels and blood lipid levels were statistically significant (p<0.05). While the difference in portal 
vein peak velocity in the hepatosteatosis and control groups was not statistically significant, there 
was an increasing reduction in the degree of steatosis (p>0.05). As the degree of hepatosteatosis 
increased, there was a reduction in hepatic artery flow volume, portal vein flow volume and total 
flow volume that was not statistically significant. In the mild hepatosteatosis group, hepatic artery 
RI and PI values were statistically significantly lower than in the other groups (p<0.05). In the 
severe hepatosteatosis group, although the hepatic artery RI and PI values were not statistically 
significant, there was a minimal increase compared to the other groups.

 Conclusions: It is believed that those results were caused by a reduction in liver compliance and hepatic vascular 
compliance, in addition to resistance increase in vascular structures.
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Background

Hepatosteatosis, fattening of the liver, is a pathology 
defined as more than 5% fat in the liver [1]. With a silent 
clinical tableau the main causes of hepatosteatosis are alco-
hol, diabetes mellitus (DM), obesity, medications, toxins, 
hyperlipidemia and hepatitis. Its observed frequency, espe-
cially related to obesity, is increasing. While the early-stage 
hepatosteatosis does not cause serious problems, without 
treatment the increasing severity may lead to inflammation 
(steatohepatitis) and in the late stages, cirrhosis [2].

Hepatosteatosis, a reversible condition, is definitive-
ly diagnosed by histopathology, but in daily practice 
it can be diagnosed by radiology with high accuracy. 
Ultrasonography (USG), computed tomography (CT) and 
magnetic resonance imaging (MRI) can be used. On CT, 
liver parenchyma density is significantly lower than spleen 
parenchyma and on MRI the chemical shift method can be 
used to measure fat content. As USG is non-invasive, cheap 
and repeatable, it is widely used to diagnose hepatostea-
tosis and other liver diseases. Hepatosteatosis on USG is 
indicated by increased parenchymal echogenicity, loss of 
gloss on vein walls and washout, and increase in sound 
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attenuation leading to no visualization of the posterior sec-
tions of the liver. Using these results, three groups can be 
identified; mild, moderate and severe [3]. USG also allows 
hemodynamic measurements of vascular structures, which 
is not possible with other techniques. Doppler USG can 
be used to examine the flow patterns in the main vascu-
lar structures of the liver; the portal vein, hepatic vein and 
hepatic artery. In this regard, spectral investigations using 
Doppler USG can provide important information.

In the literature, studies on hepatosteatosis and hemo-
dynamic changes it causes in vascular structures of the 
liver focus on changes in hepatic vein flow forms and on 
flow parameters of the hepatic artery. It is reported that 
the normal triphasic flow form in hepatic veins becomes 
monophasic due to reduction of hepatic compliance in stea-
tosis [4]. Again, due to similar effects of steatosis, there is a 
compensatory increase in hepatic arterial flow due to pres-
sure on portal triad structures, and resistivity index (RI) 
decrease [5].

This study aimed to evaluate possible hepatic artery 
(HA) and portal vein (PV) flow changes in hepatosteatosis 
patients using Doppler USG.

Material and Methods

This study was prospectively planned. Permission was 
granted for the study by an ethics committee. Patients 
above the age of 18 with hepatosteatosis diagnosed by 
USG with no pathology of the hepatobiliary system, other 
than hepatosteatosis, were included in the study. Patients 
with conditions that may affect hemodynamic measure-
ments, such as mass in the liver, cirrhosis, heart failure, 
hypertension and chronic renal failure, were not included 
in the study. The control group comprised people with-
out hepatosteatosis or any known illness. People below 
the age of 18 were not included in the study. As hemody-
namic changes in liver vascular structures are known after 
eating, 8 hours of fasting were required before examina-
tion. Ultrasonography examinations were performed with 
a General Electric Logiq 9 device with a 3.5 MHz convex 
probe. Patients in the supine position were examined from 
subcostal or intercostal approaches. On the midclavicular 
line in the saggital plane, the craniocaudal size of the liver 
was measured. After hepatosteatosis diagnosis was con-
firmed, the degree of hepatosteatosis was classified as mild 
(grade I), moderate (grade II) or severe (grade III) using USG 
data.

Patients with a slight increase in the diffusion of liver 
echogenicity, with normal echogenicity of the diaphragm 
and intrahepatic vein walls were classified as grade I 
hepatosteatosis. Increased liver echogenicity, with mini-
mal washout of intrahepatic vein walls and diaphragm 
echogenicity were evaluated as grade II hepatosteatosis. 
Patients with a definite increase in liver echogenicity with 
posterior segments of the liver not clearly visible and intra-
hepatic vein walls and diaphragm partly or fully obscured 
were classified as grade III hepatosteatosis.

After hepatosteatosis investigation was completed, portal 
vein and hepatic artery were examined using color duplex 

Doppler. Patients were examined in supine or left lateral 
decubitus position. A 3.5 MHz convex probe was used. 
Vascular structures were investigated with gray scale, 
color Doppler and spectral Doppler USG.

Portal vein between splenoportal junction and intrahepatic 
bifurcation was visualised as an anechoic tubular struc-
ture on gray-scale images. On color Doppler, the lumen 
was fully filled with homogeneous color and flow direction 
was towards the liver. On spectral exam the sample win-
dow was located in the center of the lumen. The flow cur-
sor was placed parallel to the portal flow. While the por-
tal flow was examined, the angle was held between 30–60 
degrees. For that reason, the majority of patients were 
examined in the left lateral decubitus position. As portal 
vein flow reflects the respiratory phase, flow measure-
ments were made while the patients held their breath.

After the patient inhaled and held their breath, the flow 
spectrum was examined and images were frozen to measure 
and record portal vein diameter, velocity, and flow volume.

The hepatic artery was examined by Doppler USG after 
deep inspiration, in right intercostal or subcostal direction. 
The diameter of the hepatic artery is much smaller than of 
the portal vein and due to anatomic variations, it was dif-
ficult to observe in some patients. The majority of exami-
nations showed the hepatic artery anterior and slightly 
diagonal to the portal vein on a 30–60-degree angled image. 
On spectral examination, at least three consecutive wave 
forms were used to measure hepatic artery diameter, peak 
systolic speed, end diastolic speed, RI, PI, and flow volume.

After USG examination was complete, the patients’ height 
and weight were measured and body mass index (BMI) was 
calculated.

SPSS 13.0 and Minitab 14.12 programs were used for analy-
ses in this study. Continuous variables were given as mean, 
standard deviation, minimum and maximum values; cat-
egorical variables were given as frequency and percent-
ages. Normal distribution of variables was tested with 
the Shapiro-Wilk test. Comparison of normally distributed 
variables in 3 or more groups was completed with one-way 
analysis of variance (ANOVA). Paired comparisons used the 
post-hoc test. Variables not compliant with parametric tests 
were compared using the Mann-Whitney U test for paired 
comparisons and Kruskal Wallis test for 3 or more group 
comparisons. Relationships between continuous variables 
were interpreted using the Spearman correlation coefficient. 
A p value of less than 0.05 was accepted as significant.

Results

A total of 120 cases were evaluated. The control group 
of 30 healthy people without hepatosteatosis, and other 
groups of mild (grade I), moderate (grade II) and severe 
(grade III) hepatosteatosis, comprised 30 patients in each 
group. The control group comprised 9 males and 21 females 
between the age of 18 and 61; grade I hepatosteatosis 
group included 12 males and 18 females between the age 
of 25 and 74; grade II hepatosteatosis group included 11 
males and 19 females between the age of 26 and 67 while 
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the grade III hepatosteatosis group included 8 males and 22 
females between the age of 23 and 79.

Liver size was examined using ultrasonography and mean 
values were calculated for each group (Table 1). When the 
groups were compared with each other, statistically sig-
nificant differences were found (p=0.001). As the degree of 
hepatosteatosis increased, the liver size increased (Figure 1). 
Mean BMI was calculated for each group (Table 1). When 
comparing the groups with each other, a statistically signifi-
cant difference was found (p=0.002). As the degree of hepa-
tosteatosis increased, BMI increased as well (Figure 2). In 
the correlation analysis, liver size and BMI were positively 
correlated with hepatosteatosis (r=0.605).

The liver enzymes and blood lipid profiles of all subjects 
in the study were examined. ALT and AST values for liver 
enzymes were measured. For blood lipids, total cholesterol, 
triglycerides (TG), LDL and HDL values were also meas-
ured. Mean values were calculated for the groups and com-
pared with the control group and themselves. There was 
a significant increase in liver enzymes and total choles-
terol in blood with increase in the degree of hepatostea-
tosis (p<0.05). There was an increase in LDL levels with 
the degree of hepatosteatosis at the limit of significance 
(p=0.05). As hepatosteatosis degree increased, there was an 
increase in TG levels that was not statistically significant 
(p=0.105). As hepatosteatosis degree increased, there was a 
significant decrease in HDL levels (p<0.05).

While portal vein peak velocity measured on Doppler 
USG was not significant between the groups, there was 

a decrease with increase in the degree of hepatosteatosis 
(p=0.305) (Table 1).

Between the groups there were no significant statistical 
differences in hepatic artery flow volume (p=0.479), por-
tal vein flow volume (p=0.415), total hepatic flow volume 
(p=0.297) and hepatic perfusion index (p=0.912). Between 
the groups there was a statistically significant difference in 
hepatic artery RI (p=0.043) and hepatic artery PI (p=0.034) 
(Table 2).

When we compared hepatic artery (HA) RI and PI values 
in Group 2 (grade I hepatosteatosis) and Group 1 (control); 
we observed a reduction that was not statistically signif-
icant. Comparing HA RI and PI values in Group 3 (grade 
II hepatosteatosis) and Group 4 (grade III hepatosteatosis) 
with Group 1 (control), there was an increase that was not 
statistically significant. To identify paired groups where 
HA RI and PI values were significant, groups were com-
pared using the Mann-Whitney U test. Results indicated a 
significant increase between Group 2 and Group 3 (HA RI 
p=0.014; HA PI p=0.038), and between Group 2 and Group 
4 (HA RI p=0.035; HA PI p=0.010) with increase in the 
degree of hepatosteatosis (Table 3).

Discussion

Definitive diagnosis of hepatosteatosis requires histo-
pathology. Pathologically, hepatosteatosis is defined as 
liver fat ratio greater than 5%, but in daily practice it is 
mainly diagnosed incidentally or while testing increases 
of the liver enzyme level using USG. In a study comparing 

Variables Group 1
(Control group)

Group 2 (Grade I 
hepatosteatosis)

Group 3 (Grade II 
hepatosteatosis)

Group 4 (Grade III 
hepatosteatosis) p value*

Liver size  147.12±10.5  165.17±12.6  173.0±15.2  189.17±17.7 0.001

BMI  24.42±3.9  30.57±6.9  30.6±6.0  36.17±7.0 0.002

Portal vein peak 
velocity  43.32±16.9  39.03±13.0  40.50±13.7  35.5±12.15 0.309

Table 1. Mean liver size, BMI and portal vein peak velocity values according to groups and relevant p values.

BMI – body mass index. Data were given as mean ± standard deviation. * Kruskal-Wallis test.
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histopathological results with USG, USG had 77% speci-
ficity, 88% sensitivity, 77% positive predictive and 67% 
negative predictive values [6]. As the amount of fattening 
increased, USG sensitivity increased [7,8].

Hepatosteatosis may cause a wide spectrum of pathologies, 
from simple fattening, steatohepatitis with accompanying 
inflammation, and at advanced stages, cirrhosis that may 
result in hepatocellular carcinoma [9].

When diagnosing portal hypertension, a frequent compli-
cation of cirrhosis, the safe, highly accurate, non-invasive, 
easily repeated technique of Doppler USG may be used [10]. 
Hepatosteatosis is known to be a parenchymal pathology 
of the liver and may progress to cirrhosis. In this study, the 
use of Doppler USG in hepatosteatosis monitoring, simi-
lar to the one used in chronic hepatitis and cirrhosis, was 
researched.

In this study 120 subjects between the age of 18 and 79 
were examined. Four groups of 30 subjects, normal (con-
trol) or with mild, moderate, and severe hepatosteatosis, 

were created and compared. When comparing groups 
in terms of liver size and BMI, there was a difference in 
mean values and that difference was statistically signifi-
cant. As the degree of hepatosteatosis increased, there was 
a significant increase in the liver size and body mass index. 
Additionally, correlation between BMI and liver size turned 
out to be statistically significant (r=0.605).

Liver enzymes and blood lipid values were measured and 
compared for all subjects. ALT, AST, TG, total cholesterol 
and LDL showed significant increases with increasing 
degree of hepatosteatosis. TG values increased with the 
degree of hepatosteatosis, but that was not statistically 
significant. HDL values showed a statistically significant 
decrease as the degree of hepatosteatosis increased.

Portal vein flow revealed a biphasic pattern and was affect-
ed by e.g. respiration or hunger/satiation. In previous stud-
ies, examinations were carried out during normal respira-
tion, whereas in our study, patients held deep inspiration 
breath during the examination. In this way, monophasic 
flow was created in the portal vein and we were able to 

Variables Group 1 
(Control group)

Group 2 (Grade I 
hepatosteatosis)

Group 3 (Grade II 
hepatosteatosis)

Group 4 (Grade III 
hepatosteatosis) p value*

Portal vein flow 
volume  925.7±411  1001.1±494  929.6±381  796.7±268 0.415

Hepatic artery flow 
volume  177.9±105.8  190.2±129.3  188.7±127.7  134.5±58.1 0.479

Total flow volume 1103.7±431.3  1191.3±577.2  1118.4±412.6  931.3±266.7 0.297

Hepatic perfusion 
index  0.825±0.103  0.838±0.08  0.825±0.094  0.845±0.075 0.912

Hepatic artery RI  0.628±0.108  0.622±0.068  0.669±0.071  0.668±0.722 0.043

Hepatic artery PI  1.138±0.406  1.092±0.224  1.229±0.264  1.290±0.310 0.034

Table 2. Doppler ultrasonographic parameters according to groups and relevant p values.

RI – resistivity index; PI – pulsatility index. Data were given as mean ± standard deviation. * Kruskal-Wallis test.

Hepatic artery RI p value* Hepatic artery PI p value*

Group 1
Group 2

0.623±0.11
0.622±0.11 0.896 1.138±0.41

1.092±0.22 0.902

Group 1
Group 3

0.623±0.11
0.669±0.07 0.087 1.138±0.41

1.229±0.26 0.107

Group 1
Group 4

0.623±0.11
0.668±0.72 0.090 1.138±0.41

1.290±:0.31 0.051

Group 2
Group 3

0.622±0.11
0.669±0.07 0.014 1.092±0.22

1.229±0.26 0.038

Group 2
Group 4

0.622±0.11
0.668±0.72 0.035 1.092±0.22

1.290±0.31 0.010

Group 3
Group 4

0.669±0.07
0.668±0.72 0.804 1.229±0.26

1.290±0.31 0.640

Table 3. Mean hepatic artery RI and PI values according to groups and relevant p values for double-group comparisons.

RI – resistivity index; PI – pulsatility index. Data were given as mean ± standard deviation. * Kruskal-Wallis test.
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prevent fluctuations due to respiration. We believe that 
thanks to that, more accurate measurements were provided.

When comparing the portal vein peak velocity between 
the control group and hepatosteatosis groups and between 
the hepatosteatosis groups, we found a reduction (though 
statistically insignificant) linked to the degree of steatosis 
(p>0.05). In an MRI study of 35 hepatosteatosis patients 
and 29 controls, Ulusan et al. used Doppler USG for exami-
nations and found a significant proportional reduction in 
portal vein velocity in the hepatosteatosis group compared 
to the control group [11].

Solhjoo et al. studied 31 patients with hepatosteatosis, 
some diagnosed histopathologically, and 31 controls using 
Doppler USG to measure portal vein mean velocity. There 
was a significant decrease in portal vein mean velocity in 
the hepatosteatosis group [12].

In a study of 60 obese and 20 healthy adults, Erdogmus et 
al. found a significant reduction in portal vein mean flow 
velocity, portal vein peak velocity and portal vein mini-
mum velocity in patients with a fatty liver and concluded 
that, this was due to vascular compliance reduction as a 
result of fat infiltration into the liver [13].

Balci et al. divided 140 patients into 4 groups based on BMI 
and found that, independent of BMI, there was an inverse 
correlation between degree of fat infiltration and both por-
tal venous PI and portal vein mean velocity values. They 
concluded that this was caused by reduced parenchymal 
and vascular compliance. Additionally they proposed that 
limits on the expansion of the liver capsule and increased 
volume of hepatocytes due to fattening may cause venous 
compression [14].

Mohammadi et al. studied 160 patients grouped as mild, 
moderate or severe hepatosteatosis and controls. They 
compared portal vein peak velocity and mean velocity with 
hepatic artery RI and hepatic vein phasicity. There was an 
inverse correlation between hepatic flow parameters and 
the degree of fattening, and as the degree of hepatosteatosis 
increased there was a reduction in the parameters [15].

In the current study, comparing portal vein flow volume, 
HA flow volume, total flow volume (portal vein flow vol-
ume + HA flow volume) and hepatic perfusion index 
(hepatic arterial flow volume/total hepatic flow volume) 
between control and hepatosteatosis groups and between 
hepatosteatosis groups, showed no statistically significant 
differences (p>0.05). HA flow volume, portal vein flow vol-
ume and total flow volume were increased in grade I and 
grade II hepatosteatosis groups compared to controls, but 
that was not statistically significant. When comparing the 
grade III hepatosteatosis group with the control group, we 
found a reduction that was not statistically significant. As 
the severity of fattening increases, the hepatocyte volume 
increase may put pressure on vascular structures causing a 
reduction in flow volume. This may also be due to reduced 
parenchymal and vascular compliance. Studies in the liter-
ature have concluded that as the degree of hepatosteatosis 
increases, flow volume decreases [16,17].

Magalotti et al. evaluated patients with non-alcoholic fatty 
liver disease confirmed by biopsy, and found that after 6 
months of diet and pharmacological treatment, liver echo-
genicity recovered, liver volume significantly decreased, 
and portal vein flow and discharge significantly increased. 
They reported that B-mode and Doppler USG could be used 
for observation and monitoring of hepatosteatosis treat-
ment [18].

Hepatosteatosis affects the portal vein earlier than the 
arterial system, causing reduction in portal flow and por-
tal flow volume. To compensate for this reduction, hepatic 
artery flow volume increases. As the degree of fattening 
increases, the compensatory situation ceases and arte-
rial flow is affected, causing a reduction in arterial flow, 
though not to the extent of the reduction in portal volume. 
In hepatosteatosis, as the degree of steatosis increases, the 
hepatic perfusion index increases [17]. In our study, when 
hepatic perfusion index values were compared between the 
control and hepatosteatosis groups and between the hepa-
tosteatosis groups, no statistically significant difference 
was observed (p>0.05). However, while not statistically 
significant, an increase in hepatic perfusion index values 
was observed in the hepatosteatosis group compared to the 
control group. Kakkos et al. evaluated 41 obese patients 
and 18 volunteers, and found out that the hepatic perfusion 
index was significantly higher in the obese group when 
compared to controls. Additionally, they recorded a posi-
tive correlation between that index and serum AST and TG 
levels [17].

In our study, there was a significant difference in HA RI 
and PI between the groups (Table 2). Comparisons within 
the groups were made to identify which group caused the 
difference: grade I hepatosteatosis patients had lower RI 
and PI values than the other groups, and the difference 
was due to that group. Between the other groups and the 
control group, no difference was noticed. Similar studies 
in the the literature have found that as the degree of hepa-
tosteatosis increased, HA RI and PI values decreased [18]. 
However, we did not observe this in our trial. The only 
reduction in RI and PI values, though not significant, was 
found between grade I hepatosteatosis and control groups. 
In addition to those results, although not statistically sig-
nificant, there was a minimal increase in hepatic artery RI 
and PI values in the severe steatosis group, when compared 
to the other groups. This contradicts the data in the litera-
ture. It is thought that this increase may be caused by an 
increase in the resistance within vascular structures in the 
liver linked to hepatosteatosis.

Mohammadinia et al. in a study of 80 subjects in mild, 
moderate and severe hepatosteatosis group and a control 
group, used color Doppler and spectral Doppler USG to 
examine HA RI. There was a significant reduction in HA 
RI values as the degree of hepatosteatosis increased [18]. 
Mihmanli et al. reported a correlation between increased 
degree of steatosis and reduction in HA RI values. They 
argued that fat infiltration caused compression of the por-
tal triad structures. That infiltration affected the portal 
vein earlier, and caused a reduction in portal flow, which 
led to increased compensatory HA diastolic flow, causing 
RI to decrease [19].
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Conclusions

In conclusion, hepatosteatosis is a pathology of the paren-
chyma of the liver that may advance to cirrhosis. Thus it 
requires monitoring. Hepatosteatosis causes hemodynamic 
changes in the liver, namely hepatic vascular compliance 
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