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Abstract. We present a retrospective study effectuated on 207 patients aged between 22 and 84 years, 
diagnosed with cirrhosis by liver biopsy. All the patients were evaluated by ultrasound, measuring the 
hemodynamic parameters (portal flow velocity, endsystolic velocity and end-diastolic velocity in the hepatic 
artery), flow pattern in portal vein and hepatic veins, dimensions of portal vein, splenic vein and superior 
mesenteric vein and hepatic artery. The obtained data were associated with the stage of the disease in 
order to establish correlations with the ultrasound evaluation. The results showed an increased velocity 
in the hepatic artery following the severity of the cirrhosis, while the variation of portal flow velocity 
presented no statistical relevance for different stages of disease. The hepatofugal portal flow pattern and 
monophasic flow pattern in the hepatic veins were correlated with severe forms of cirrhosis.
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by the dimensional changes. This paper aims to 
establish the specific modifications of the hemody-
namic and morphologic parameters of portal vein 
and hepatic artery and correlate these parameters 
with the severity of the disease.
Material and method

The study was effectuated in the Department 
of Radiology and Medical Imaging of the National 
Institute for Infectious Diseases Prof. Dr. Matei 
Balş, in the timeframe 2008-2011 and includes a 
number of 207 patients, aged between 22 and 84 
years, diagnosed with cirrhosis by liver biopsy.

Inclusion criteria in the study were: age over 
18 years, diagnosed with cirrhosis and liver biopsy 
within 1 month from the ultrasound exam, no va-
soactive drug taken 24 h prior to the examination; 
exclusion criteria: portal vein/hepatic artery/hepatic 
veins impossible to evaluate, portal thrombosis or 
hepatocarcinoma. 

All sonographic examinations were performed 
by the same sonographer using an ultrasound 
scanner (Aloka) with a 2.5 to 6 MHz convex probe 
with colour and pulsed Doppler. We preferred the 
intercostal approach to keep the angle of incidence 
within 50º and to minimize the artifacts; a longi-
tudinal image of the portal vein was obtained. All 
the patients were evaluated after overnight fasting, 
in supine position, unless the portal vein could not 

Introduction

Portal circulation presents a special interest 
due to specific characteristics concerning 

the functional status of the liver and the response 
of the patients to treatment, allowing to appreciate 
dynamically the evolution of liver diseases, espe-
cially in the case of chronic hepatitis and cirrhosis.  
Changes that occur in the hepatic circulation, re-
lated to the portal system or to the hepatic artery, 
can be divided in two major categories - morpho-
logical and functional.

In healthy patients, the portal vein contributes 
with 70 - 75% to the hepatic blood flow, while the 
hepatic artery contributes with the remaining 25- 
30% [1]. In the evolution of the chronic hepatitis 
toward cirrhosis, resistance to portal venous flow 
increases, at the same time this reduction which 
occurs in portal venous flow is compensated by 
an increase in hepatic arterial flow [2]. The first 
changes that occur are functional changes charac-
terized by modification of the flow characteristics 
in both portal vein and hepatic artery, followed 



Therapeutics, Pharmacology and Clinical Toxicology122

be appropriately seen, in that case, the patient was 
positioned in left lateral decubitus, using the liver 
as ultrasound window. The Doppler sample volume 
was placed in the middle of the vessel and had a 
width of approximately half the vessel. The pattern 
of the portal blood flow was defined as hepatope-
tal (homogeneous, turbulent) or nonhepatopetal 
(hepatofugal, bidirectional); while the pattern of 
the hepatic vein flow was defined as monophasic, 
biphasic or triphasic. The splenic vein was measured 
anterior to aorta and the superior mesenteric vein 
anterior to the uncinate process. Dimension, end-
systolic and end-diastolic velocity of hepatic artery 
were measured in the hepatic hilum.

We compared all the obtained data with the stage 
of the disease in order to identify specific param-
eters and to estimate the severity of the disease by 
noninvasive methods (a p-value less than 0.05 was 
considered significant).  
Results

In 90 patients an infectious etiology was es-
tablished, in 80 cases toxic-nutritional cirrhosis 
was found and in 37 cases the cause could not be 
determined (possible burnt-out NASH). (Figure 1)

Doppler evaluation of the portal flow showed in 
182 patients, hepatopetal pattern (151 cases homo-
geneous and 31 cases turbulent) and in 25 patients, 
nonhepatopetal pattern (14 cases hepatofugal, 11 
cases bidirectional). Most nonhepatopetal cases, 
correlated with the number of patients in a specific 
stage of disease, occurred in stage C – 8 patients 
from 30 presented this flow-pattern compared with 

12 from 92 in stage B and 5 from 60 in stage A. 
(Figure 2)

Doppler evaluation of the hepatic veins showed 
a triphasic aspect in 142 patients, biphasic in 49 
patients and monophasic in 16 patients. Most 
monophasic flow-pattern, correlated with the 
number of patients in a specific stage of disease, 
occurred in stage C – 5 patients from 17 presented 
this flow-pattern compared with 9 from 71 in stage 
B and 1 from 52 in stage A. (Figure 3)

The morphological evaluation included measure-
ments of portal vein (in hepatic hilum), hepatic 
artery (in hepatic hilum), splenic vein (anterior to 
aorta), superior mesenteric vein (anterior to the 
uncinate process) (Table I). In order to see which 
parameter is significantly different in the three stages 
of cirrhosis, Kruskal-Wallis tests were effectuated.  
We obtained high signification for the portal vein 
(PV) and close to the 0,05 limit for the mesenteric 
superior vein (MSV). For the portal vein, dimen-
sions ranged between 9 and 16mm, for the splenic 
vein (SV) between 7 and 12mm, for the mesenteric 
superior vein from 5 to 12mm, with medium values 
of 12,74mm for the portal vein, 9,15mm for the 

Evaluation of hepatic circulation in patients with cirrhosis

Figure 1 Infectious etiology

Figure 2 Doppler evaluation of the portal flow

Figure 2 Doppler evaluation of the hepatic veins

Cirrhosis

Child A Child B Child C KruskalWallis
   p-valueMedium value    SD   Medium value SD  Medium value SD

PV (mm) 12,26 1,59 12,99 1,54 12,97 1,78 0,005
SV (mm) 8,92 1,20 9,31 1,34 9,21 1,25 0,164
SMV (mm) 8,61 1,34 9,02 1,10 9,05 1,37 0,030
HA (mm) 3,23 0,42 3,31 0,52 3,36 0,62 0,591

Table I Morphological evaluation
PV-portal vein, SV-splenic vein, SMV-superior mesenteric vein, HA-hepatic artery



XVI, Vol.16, Number 2/2012      123

splenic vein and 8,89mm for the mesenteric superior 
vein. In all cases of evaluated vessels we obtained 
an increased value from stage A toward stage B. 
From stage B to stage C, the change in dimensions 
was smaller, with a slight tendency for the portal 
vein and splenic vein to decrease in dimension. 

In the case of hepatic artery (HA), with Kruskal-
Wallis test we obtained a p-value equal to 0,591, 
suggesting that there are not enough evidence to 
reject the null hypothesis, there are no statistic 
relevant differences among the three degrees of 
cirrhosis. Because we found dimensions of 3, 4 and 
5 mm for the HA, we considered this parameter in 
a subsequent  statistic analysis, a categorical vari-
able and not a continuous variable. With this basis, 
we built a contingency table between the HA and 
cirrhosis, in order to perform the independency 
test (Table II).

On first position of Table II we find the effec-
tives - from 207 patients,  65 are in stage A (and 
from these 65 patients, 50 patients have 3mm HA 
and 15 patients have 4mm HA), 104 are in stage B 
(74 with 3mm HA, 27 with 4mm HA and 3 with 
5mm HA) and 38 in stage C (27 with 3mm HA, 
8 with 4mm HA and 3 with 5mm HA). 

The patients from stage A with 3mm HA repre-
sent 33% from all patients with 3mm HA and 77% 
from all patients that are in stage A. 

(33% 49% 18%), (30% 54% 16%) and (0% 50% 
50%) represent row-profiles, and medium row-profile 
is (31% 50% 18%)

The three percents from the row-profiles must 
be compared with the three percent from the me-
dium row-profile; if they are equal, than there is 
independency between cirrhosis and HA; if they 
are not equal, the bigger the difference between 
them, the stronger the correlation between  HA 
and cirrhosis.

Comparison is made component by component 
- 33%, 30% and 0% are compared with 31%, etc. 

When the percent is smaller than the medium 
percent (0% smaller than 31%), there is rejection 
between the values A and 5mm – the interpretation 
is that the patients in stage A are unlikely to have 
HA with dimensions of 5mm, while the patients in 
stage C are likely to have HA with dimensions of 
5mm (50% is bigger than 18%). The discussion is 
similar when we have the opposite – if the percent 
is bigger than the medium percent. 

The same conclusion is obtained by comparing 
the column-profiles with medium column-profiles: 
(77% 23% 0%), (71% 26% 3%) and (71% 21% 8%) 
with (73% 24% 3%).

We tested if the existent differences have statis-
tic relevance, if there is a real correlation between 
the dimensions of the HA and cirrhosis, and we 
effectuated the independency test χ 2. The null 
hypothesis in independency between the two pa-
rameters and the p-value of 0.223 reconfirm the fact 
that the HA dimensions ant the stages of cirrhosis 
are independent. 

The results obtained by evaluating the portal and 
HA flow velocities can be found in Table III. For 
the  portal vein, we considered low velocity flow a 
value smaller than 12 cm/s – the obtained values 
ranged from 6cm/s to 13 cm/s, with a medium value 
of 10,53cm/s on stage A, from 5 to 14 cm/s and a 
medium value of 10,43 cm/s in stage B and from 6 
to 14 cm/s  and a medium value of 10,68 cm/s in 
stage C. For the endsystolic velocity were registered 
values from 43 cm/s to 71cm/s with a medium 
value of 55,95 in stage A, from 46 to 89cm/s with a 
medium value of 60,45cm/s in stage B and from 54 
to 92 cm/s with a medium value of 65,44 in stage 
C. We observed an increase of the systolic velocity 
in HA, correlated with the stage of the disease. For 
the end-diastolic velocity we obtained values from 
13 cm/s to 23 cm/s and a medium value of 17,29 
cm/s in stage A, from 13 cm/s to 28 cm/s and a 
medium value of 18,58 in stage B and from 16 to 

Lazăr I.M. et al.

Cirrhosis

(mm) Child A Child B Child C Total row

Hepatic artery

3
50

33%
77%

74
49%
71%

27
18%
71%

151

73%

4
15

30%
23%

27
54%
26%

8
16%
21%

50

24%

5
0

0%
0%

3
50%
3%

3
50%
8%

6

3%

Total Column 65
31%

104
50%

38
18% 207

Table II
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31 cm/s and am medium value of 21,13 cm/s in 
stage C. We observed here, as for the endsystolic 
velocity, that the values increase with the stage of 
the disease. In order to see if we have statistical 
relevance in our observation, Kruskal-Wallis tests 
were effectuated, and we obtained that the flow 
changes are relevant only for the hepatic artery.

After the morphological analysis, when no rel-
evant correlation between the dimension of HA 
and the stage of cirrhosis were found, we tried to 
see if the dimension of the HA can be correlated 
with the HA flow velocities (Table IV).  The ob-
tained data showed a slight tendency to increase 
for both endsystolic and end-diastolic velocities and 
to decrease for RI, with the dimension of HA, but 
the values had no statistic relevance.  
Discussion

Flow velocity in the portal vein is decreased 
in all stages of cirrhosis, and variations are not 
relevant – this can be explained by the existence 
of the collateral circulation which accepts a part of 
the portal flow and by the change in the hepatic 
perfusion rapport between HA and PV. By analyz-
ing the dimensions and the flow velocity of the 
HA, we can observe that the flow velocities (both 

endsystolic and enddiastolic) increase with the stage 
of disease. The fibrotic changes in the liver occur 
in the hepatic lobules, inducing changes in the 
hepatic architecture and sinusoidal circulation, but 
also in the portal spaces. Due to the structure of 
the portal wall, fibrotic tractions and compressions 
exerted by the hepatic nodules on the PV and its 
branches are more important than the same changes 
induced on the HA.

In the evolution of cirrhosis, due to an increased 
resistivity caused by fibrotic changes, the flow veloc-
ity of the PV decreases and in order to ensure an 
adequate liver perfusion, an increase in dimensions 
of the PV and its branches occurs. This enlargement 
cannot compensate on long term the decrease of the 
blood flow, especially when collateral veins open and 
the liver blood volume provided by the portal vein 
decreases even further, inducing hypoxic changes 
and accelerating the progression of the disease. An 
efficient mechanism to delay these hypoxic changes 
is represented by the enlargement of the hepatic 
artery and the increase in velocity of the blood 
flow. When monitoring the flow velocity in the 
portal vein, eventual presence of collateral circula-
tion must always be considered which may cause 
reduction in the flow velocity – if a patient develops 
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Cirrhosis
KruskalWallis
p-valueChild A Child B Child C

MV SD MV SD MV SD
FV – PV 10,53 1,70 10,43 1,94 10,68 2,05 0,916
ESFV - HA 55,95 6,76 60,45 7,49 65,44 9,54 0,00001
EDFV - HA 17,29 2,39 18,58 3,09 21,13 4,04 0,00001

Hepatic artery
KruskalWallis
p-value3 mm 4 mm 5 mm

MV    SD  MV SD  MV     SD
ESFV – HA 59,74 8,80 59,78 6,71 66,66 6,52 0,089
EDFV – HA 18,46 3,37 18,72 3,01 22,66 3,29 0,021
RI 0,69 0,3 0,68 0,03 0,66 0,02 0,165

Table III. Evaluation the portal and HA flow velocities

Table IV. Correlation between dimension of the HA and HA flow velocities

FV – PV – flow velocity in portal vein, 
ESFV – HA – endsystolic flow velocity in hepatic artery, 
EDFV – HA – enddiastolic flow velocity in hepatic artery, 
MV- mean value, 
SD – standard deviation

ESFV – HA – endsystolic flow velocity in hepatic artery, 
EDFV – HA – end-diastolic flow velocity in hepatic artery, 
RI – resistivity index, 
MV- mean value, 
SD – standard deviation
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such changes, an endoscopic exam is mandatory 
in order to evaluate the presence of esophageal or 
gastric varices. The same judgment can be made 
if PV decreases in dimensions. Flow velocities in 
splenic vein and mesenteric superior vein register 
also decreases in patients with cirrhosis.

Chronic hepatitis and cirrhosis are mostly pa-
thologies with slow evolution and seriate evaluations 
are required in order to appreciate the evolution of 
disease and adjust the treatment accordingly - in 
a patient with a portal vein of 8mm, an increase 
in dimension to 10mm, if the examination was ef-
fectuated in the same condition, may represent the 
beginning of a vascular decompensation.

There are multiple factors which may influence 
the portal flow velocity, irrespective of  the liver 
pathology – technical factors such as inspiration, 
patient positioning (dorsal or lateral decubitus), 
type of probe, frequency, incidence, angle, filters 
or patient related factors such as alimentation, 
degree of hydration, medication. In order to ap-
preciate correctly the morphological (dimensions) 
and functional modification (flow pattern, velocities) 
induced by the disease (cirrhosis), when the patient 
is evaluated, the same condition as in the previous 
examination must be met. Shigeo Sugano el al. 
found that inspiration caused a 24,6% reduction in 
portal blood flow in healthy controls and a 13,5% 
reduction in cirrhotics – explained by the diffuse 
intrahepatic fibrosis, formation of pseudolobules, 
which leads to increased portal venous pressure 
and decreases portal blood flow; another factor is 
the reduced compressibility of the cirrhotic liver 
due to the fibrotic changes [3]. Normally, blood 
flow within the portal vein increases after eating 
and with respiration. Absence of these findings also 
indicates portal hypertension [4]. For an accurate 
ultrasound examination, the measurement should be 
performed by experienced personal (when possible 
the same operator); low frequency probes should be 
used (1,5-3-5 MHz); the monitoring of the patient 
should be effectuated with the same ecograph due 
to different settings of different medical equipments; 
the patient should not eat at least 8 hours before 
examination (and avoid carbonated drinks before 
the evaluation); readings should be taken in inspira-
tory apnea (allows a longer apnea than expiratory 
apnea); when possible, at least 2 readings should be 
taken and in the report should be mentioned the 
average; the vessel measurements and hemodynamic 
readings should be standardized in every clinic (in 
terms of exact positioning, sample width, angle).

If duplex Doppler ultrasound is demonstrated to 
have a high sensitivity and specificity in diagnosis 
of portal hypertension – ex: 95% using PV diameter 
(12.5 mm), PBV (21 cm/s), and CI (0.1) [5], few 
data (some of them contradictory) are currently 

available regarding evaluation of cirrhosis stages 
by noninvasive methods. This study allows to ap-
preciate the progression of disease in a cirrhotic 
patient by ultrasound, evaluating the velocity of the 
HA and flow pattern of hepatic veins and portal 
vein. Changes in the dimensions of portal vein and 
flow velocity of portal vein, although important 
in diagnosis of the portal hypertension, are not 
relevant to appreciate the progression of disease 
in a cirrhotic patient.

Reduction of the portal venous flow is compen-
sated by changes in the hepatic arterial flow in order 
to maintain total liver oxygen supply, a regulatory 
mechanism known as the hepatic arterial buffer 
response [6, 7] which is explained by local adenosine 
concentration. In the regulation of hepatic arterial 
and portal venous resistance, formation of NO 
and CO, are also known to assume an important 
role [8].  The experimental data suggest that the 
celiac trunk also contributes to the regulation of 
hepatic blood flow and its distribution between 
the hepato-splanchnic organs, in particular during 
low-flow states [9]. 

Due to changes in the hepatic structure (scar 
tissue and regeneration nodules formation), there 
are characteristic changes of blood flow in cirrhosis 
[10]. The change of flow pattern for the hepatic 
veins to a monophasic waveform and for portal 
vein to a hepatofugal flow pattern, strongly suggest 
a progression of disease and represent a factor of 
negative prognosis. 

Currently, some authors recommend the assess-
ment of the hepatic vein flow to monitor therapy 
of portal hypertension [11]. In the measurement of 
hemodynamic parameters, the associated hepatic 
pathologies must also be considered, due to the 
fact that Doppler perfusion index is elevated in 
tumoral liver disease [12], if portal vein thrombosis 
is not associated.
Conclusion

Morphological and functional changes of the 
hepatic circulation are important to evaluate and 
establish the diagnosis of cirrhosis (considering 
the dimension of portal and splenic vein and flow 
velocity in portal vein), and to monitor its progres-
sion (considering hepatic artery velocities and flow 
pattern in hepatic vein and portal vein).
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