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Portal Vein Hemodynamics in Patients with
Non-Alcoholic Fatty Liver Disease
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Paralleling the rise in the incidence of obesity and diabetes worldwide, nonalcoholic fatty
liver disease (NAFLD) is being increasingly recognized as one of the major causes of
chronic liver disease. Doppler sonography is used as a diagnostic method in the non-inva-
sive assessment of the hemodynamics of hepatic vascular flow in liver diseases. We inves-
tigated the effects of fatty infiltration in the liver on the Doppler flow hemodynamics of the
portal vein. Doppler sonography of the liver and portal vein was performed in 60 subjects
with NAFLD and 20 healthy volunteers (control). The patients were grouped into mild
(grade 1), moderate (grade 2), and severe (grade 3) according to sonographic appearance
of hepatosteatosis (n = 20 for each group). The vein pulsatility index (VPI), mean flow
velocity (MFV), peak maximum velocity (V,.x), and peak minimum velocity (V) of the
portal vein were significantly lower in patients with NAFLD than those of the controls
(p <0.001). The VPI was 0.20 in the patients and 0.31 in the control. The MFV was 12.3
cm/sec in the patients and 16.5 cm/sec in the control group. The portal vein flow was
found to be decreased as the grade of fatty infiltration increased for VPI (r = —0.946, p <
0.001), MFV (r =-0.951, p <0.001). The alteration in Doppler waveform pattern of portal
vein with fatty liver population suggests reduced vascular compliance in the liver.
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Fatty liver is a relatively common incidental
finding on imaging studies. Although generally a
benign condition, fat in the liver can be troubling
for clinicians because it can cause persistently
elevated liver enzyme levels (Neuschwander.
2001). Imaging studies assist in the diagnosis of
nonalcoholic fatty liver disease (NAFLD) through
identifying fatty infiltrate in the liver. Ultra-
sonography of the liver has a sensitivity of 82 to
89% and a specificity of 93% for identifying fatty

liver infiltrate (Bayard et al. 2006). Paralleling
the rise in the incidence of obesity and diabetes
worldwide, NAFLD is being increasingly recog-
nized as one of the major causes of chronic liver
disease (Flegal et al. 1998; Salgado et al. 2006).
Steatohepatitis occurs in 24 to 95% of these
patients, whereas fibrosis is implicated in 6 to
74% of the cases, and cirrhosis in 0 to 24% (Kral
et al. 2004; Salgado et al. 2006).

Doppler sonography is used as a major diag-
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nostic method in the non-invasive assessment of
the hemodynamics of hepatic vascular flow (Aube
et al. 2004). Previous studies have shown that the
flow of the hepatic and portal veins is altered in
patients with liver cirrhosis, portal vein thrombo-
sis, Budd—Chiari syndrome, and vascular malfor-
mations (Dietrich et al. 1998; Bargallo et al. 2006;
Bolognesi et al. 2007). However, a recent study
with a similar design has been published showing
the relationship between fatty infiltration of the
liver and decreased portal venous velocity and
pulsatility (Balci et al. 2008). We also aimed to
investigate the effect of fatty infiltration on the
Doppler flow volume of the portal vein.

MATERIALS AND METHODS

Ultrasonographic examination of the portal vein
was performed on 80 subjects (60 patients with fatty
livers; 32 males; 28 females, with a mean age of 42.96
years [range 18-69 years] and 20 healthy volunteers; 10
males; 10 females, with a mean age of 44.50 years [range
30-67 years]) who were consecutively admitted to
gastroenterology outpatient clinic. Three groups of 20
patients each with different degrees of fatty infiltration of
the liver were selected. The groups were classified as the
control (grade 0), mild (grade 1), moderate (grade 2), and
severe (grade 3) groups according to sonographic appear-
ance of hepatosteatosis. Subjects with heart disease
based on medical history, physical examination, and
chest radiography were excluded. Patients with acute or
chronic liver disorders and malignancy were also elimi-
nated based on appropriate clinical, laboratory, and imag-
ing investigations. All the subjects in the study and con-
trol groups were negative for hepatitis B surface antigen
and anti-hepatitis C virus antibody. To preclude possible
influences on the waveform of the vascular hemodynam-
ics, pregnant subjects, patients with a history of abdomi-
nal or thoracic surgery, and patients consuming more
than 40 g of alcohol per week or taking cardiovascular
drugs or other medications that might have an adverse
effect on the liver were excluded from the study and con-
trol groups (Karabulut et al. 2004). The procedure and
purpose of the examination were explained to all subjects
prior to obtaining informed consent.

B-mode and duplex Doppler sonographic examina-
tions were performed by the same radiologist using the
same duplex Doppler system (EUB 6500; Hitachi,
Tokyo) with a 3.5-MHz convex probe. The radiologist is

not blinded when obtaining and grading portal venous
waveforms. After an overnight fast, each subject was
examined in the supine or 50-60° left lateral position with
the arms raised above the head. The liver parenchyma
was scanned and vascular malformations and space-
occupying lesions were excluded. Using B-mode sonog-
raphy, the presence or absence and severity of fatty infil-
tration was graded using a scale from O to 3 as previously
reported by Mihmanli et al. (2005), indicating absent,
mild, moderate, and severe hepatosteatosis, respectively,
corresponding to increasing degrees of hepatic echo-
genicity with poorer visualization of the intrahepatic ves-
sels and diaphragm. Grade O (control) patients had nor-
mal liver echogenicity. Grade | patients had a minimal
diffuse increase in hepatic echogenicity, with normal
visualization of the diaphragm and of the walls of the
intrahepatic vessel. Grade 2 patients had a moderate
diffuse increase in hepatic echogenicity, with slightly
impaired visualization of the hepatic veins and dia-
phragm. Grade 3 patients had a marked increase in
echogenicity with poor penetration of the posterior por-
tion of the right lobe of the liver, and poor or no visual-
ization of the hepatic veins and diaphragm. Each subject
was asked to stop breathing during shallow inspiration to
avoid modifications caused by deep inspiration, and a
spectral analysis of the portal venous flow was recorded
for at least 5 sec (Scatarige et al. 1984; Karabulut et al.
2004). The point of measurement of the portal vein was
the main portal vein proximal to its bifurcation. To char-
acterize the portal vein, the flow peak maximum velocity
(Vinax), peak minimum velocity (V,;,), mean flow veloci-
ty (MFV), and vein pulsatility index (VPI) were obtained
in all patients and control subjects.

Statistical analysis

The statistical analysis was performed using the
Statistical Package for the Social Sciences (version 10.0;
SPSS, Chicago, IL, USA). The distribution of data was
analyzed using the one-sample Kolmogorov—Smirnov
test. The data were expressed as the median for numeri-
cal variables. The Kruskal-Wallis and Mann Whitney’s
U-tests were used to compare the medians. Spearman’s
correlation of rank coefficient was used to assess the
relationship between variables. All tests of significance
were two-tailed, with p < 0.05 considered statistically
significant.

REsuLTS
Demographic data of the patient were similar
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TaBLE 1. Demographics and doppler flow caracteristics of subjects.

Control group Study group

(n = 20) (n = 60) p*
Age (median) 42.1 £10.93 432 +11.97 >0.05
Sex (M/F) 10/10 3228 >0.05
BMI (kg/m?) 252+ 1.18 20 + 1.41 <0.001
VPI 031+ 131 0.21%2.55 <0.001
MFV (cm/sec) 16.5 % 0.67 12,5+ 1.89 <0.001
V. (cm/sec) 40.8 +0.92 28.6 + 437 <0.001
V_(cm/sec) 28.4+0.59 22 +2.87 <0.001

*Mann-Whitney’s U-test Results are shown as mean =+ s.D.
BMI, body mass index; VPI, pulsatility; MFV, flow velocity; V., peak
maximum velocity; V . , peak minimum velocity.

TaBLE 2. Demographics and doppler flow caracteristics of patients of subgroups.

Study group (n = 60)

Grade 1 Grade 2 Grade 3 p

(n = 20) (n = 20) (n = 20)
Age (median) 38.5 = 14.68 48.2 £10.03 43 + 8.86 >0.05
BMI (kg/m?) 27.4 +0.56 28.9+0.74 30.5 +£0.60 <0.001
VPI 0.27 £1.26 0.20 +£1.29 0.17x1.21 <0.001
MFV (cm/sec) 14.6 +0.87 12.6 £0.78 10.3 +0.61 <0.001
V... (cm/sec) 34 +£0.64 28.5+0.89 23.5+0.83 <0.001
V..., (cm/sec) 24.9 +0.46 22.9+£0.58 18.2+0.53 <0.001

*Kruskal-Wallis test. Each p value indicates for Grade 1 vs Grade 2, Grade 2 vs Grade 3 and
Grade 1 vs Grade 3. Results are shown as mean =+ s.D.

BMI, body mass index; VPI, pulsatility; MFV, flow velocity; V __ , peak maximum velocity;
V... peak minimum velocity.

and comparable in both groups (p > 0.05). BMI

was significantly higher, where as the VPI, MFYV, DiscussioN

Viaxs Vinins @and V., — Vi, of the portal vein were
all significantly lower in the study group than in
the control group (p < 0.001) (Table 1). The VPI
in the study group was 0.20. The MFV was 16.5
cm/sec in the control group and 12.3 cm/sec in the
study group with fatty liver. Sonographic grade
of fatty liver was negatively correlated with VPI
(r =-0.946, p < 0.001), MFV (r = -0.951, p <
0.001), Vmax (r = -0.969, p < 0.001), and Vmin
(r =-0.967, p < 0.001) of the portal vein flow.
(Table 2, Figs. 1 and 2).

The relative contributions of intrahepatic fat
deposition and inflammatory changes to the flow
patterns of the hepatic and portal veins are
unknown (Dietrich et al. 1998). The main finding
of this study is that the VPI, MFV, V., and V ;,
decrease in patients with fatty liver. The cause of
this change may be reduced vascular compliance
in the liver due to fatty infiltration.

Portal venous flow is classically described as
being continuous in healthy subjects (Needleman
et al. 1986). In normal adults, the VPI is 0.48
(Gallix et al. 1997). Dietrich et al. (1998) investi-
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Fig. 1. Portal vein pulsatility. There was a statistically significant negative correlation between the
sonographic grade of fatty liver and pulsatility index of portal vein (r =-0.946, p < 0.001).
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Fig. 2. Flow velocity of portal vein. There was a statistically significant negative correlation between
the sonographic grade of fatty liver and flow velocity of portal vein (r =-0.946, p < 0.001).

gated the correlation between the V,..x, Viuin, and
Vinax— Vimin 0f the portal vein and the degree of
fatty infiltration defined histologically in biopsy-
proven hepatitis-C patients, and found that V ,,,
Viin, and V. — Vi decreased as the degree of
hepatosteatosis increased. Schneider et al. (2005)
found a negative correlation between the degree

of hepatosteatosis and portal vein flow modula-
tion in patients with hepatitis C, and a negative
correlation between the degree of fatty infiltration
and the portal vein MFV. The MFV was reported
to be decreased in chronic liver diseases also, and
it may even reverse in cases with severe fibrosis
(Chawla et al. 1998). In our study group the
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patients did not have chronic liver disease, were
free of hepatitis B or C, and we also found a nega-
tive correlation, between the degree of hepatoste-
atosis and MFV, VPI, V.., and V ;, in portal vein
flow.

Balci et al. (2008) recently reported a rela-
tionship between fatty infiltration of the liver and
decreased portal venous velocity and pulsatility in
a study of similar design. VPI, MFV, V., and
Vomin measurements of that study was similar to
our findings which supports the idea that portal
venous velocity and pulsatility decrease in
patients with fatty liver diseases.

There are several limitations to our study:
The fatty infiltration was graded based on the
ultrasonographic appearance of the liver, since we
did not perform liver biopsies in the subjects for
ethical reasons. We neither performed echocar-
diography to exclude heart diseases nor monitor
the intra-abdominal pressure during the Doppler
examination. The role of the intra-abdominal
pressure in the magnitude of venous modulation
is evidenced by a decrease in venous pulsatility
when the patient is sitting and during deep inspi-
ration, maneuvers known to increase intra-abdom-
inal pressure (Sugerman et al. 1997).

In conclusion, the VPI, MFV, V..., and V .,
of the portal vein were significantly lower in fatty
liver patients and correlated with the grade of
hepatosteatosis. The cause of this alteration may
be reduced vascular compliance in the liver due to
fatty infiltration.
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