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Abstract

Background: Liver biopsy has been the main method for
diagnosis, but it is an invasive method, with many complica-
tions, so anon-invasive method is needed to assess the severity
of liver cirrhosis.

Aimof Sudy: To assess the severity of liver cirrhosis by
measurement of hepatic blood flow using triphasic CT.

Patients and Methods: Our case control, single centre
study involved 30 patients with chronic diffuse parenchymatous
liver disease (which were further divided into Child-Pugh A,
B, and C subgroups) and 30 healthy volunteers. All cases
underwent supervision of their medical history, clinical ex-
amination, liver function tests, and triphasic CT scan. Meas-
urement of contrast enhancement fraction (CEF) as a parameter
of hepatic blood flow was calculated using triphasic CT,
assessment of ROI (region of interest) in HU for the hepatic
parenchymain both arterial and venous phases were done.
The contrast enhancement (CEF) was obtained by dividing
the contrast concentration in the hepatic arterial phase by that
in the portal venous phase using ROl measurement in HU.
CEF values and the ROI measurements from the study and
control groups were compared.

Results: The differencesin the ROl measurements were
statistically significant between the subgroups with multiple
comparisons, except between the control and the Child-Pugh
(A) group. The ROI measurement in the portal phase was
higher than that measured in the hepatic arterial phase in both
the study and control groups. There was a decrease in ROI
measurement in both the arterial and portal phases with
increase of the Child-Pugh grade; more evident in the portal
phase. The value of CEF in the control group was 0.74. The
CEF values increased with increasing Child-Pugh gradesin
the study group. There were noticeabl e differences for CEF
between Child-Pugh A and B groups, Child-Pugh A and C
groups and Child-Pugh B and C groups. The CEF increased
as liver function (Child-Pugh grade) deteriorated in the study

group.
Conclusion: Measurement of hepatic blood flow and CEF

by using triphasic CT can be used to evaluate the liver hemo-
dynamics and severity of liver cirrhosis.

Key Words: Liver cirrhosis- Triphasic CT - Contrast enhance-
ment fraction.

Correspondenceto: Dr. SaraS. Abou-Alfotouh,
The Department of Diagnostic Radiology, Faculty of Medicine,
Suez Canal University, Egypt

Introduction

LIVER cirrhosis causes portal hypertension due
to mainly parenchymal necrosis, then connective
tissue deposition, nodular regeneration of hepato-
cyte, resulting in distortion of the hepatic architec-
ture and normal liver blood flow hemodynamics,
causing decreased portal flow to the liver and
increased arterial flow. Liver cirrhosis causes
abnormal permeability of the sinusoid causing
abnormal arterioportal communications. In ad-
vanced cirrhosis, the hepatic artery becomes en-
larged and tortuous and in severe cirrhosis, portal
vein thrombosisis frequently seen [1,2].

The very first "World Health Organization
(WHO) study of liver disease, total deaths world-
wide from cirrhosis and liver cancer rose by fifty
million per year over two decades’. Liver cancer
was the main cause of the increase in the number
of annual chronic liver disease deaths which rose
by 1.25to 1.75 million from 1990 to 2010. In 2010,
hepatitis B virus was associated with 45% of liver
cancer and 30% of cirrhosis deaths; hepatitis C
caused about 25% of liver cancer and cirrhosis
deaths [3]. In West Africa, Hepatitis B is highly
endemic in with a prevalence of 8%. In addition,
2% of the population in the region are chronically
infected with hepatitis C [4-6] . Chronic liver disease
reduces quality of life, regardless the type of dis-
ease. Old age and increased severity were associated
with poorer quality of life [7].

The most common noninvasive methods used
for diagnosing liver cirrhosis are CT, Ultrasonog-
raphy (US), and MRI. Cross-sectional imaging
evaluate the liver hemodynamics providing addi-
tional vital datain the diagnosis of diffuse liver
diseases [g].

Ultrasound & Doppler US are not helpful in
detecting the degree of fibrosis. Contrast-enhanced
US has been reported helpful in grading the severity
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of fibrosisin patients with hepatitis C, but it requires
more validation. CT can display signs of fibrosis
including abnormal morphology as |eft |obe hyper-
trophy, nodular edge, and regenerating nodules
that appear of low density in CT [9].

The liver blood supply consists of two parts
making helical computed tomography (CT) a pro-
foundly appropriate method for liver imaging.
Spiral CT alows a solitary breath-hold image
acquisition clear of motion artifacts, makes evalu-
ation of theliver at different phases possible. The
hepatic arterial and portal circulations have several
communications. If vascular compromise happens,
changesin the blood flow volume and direction
occursinindividual vessels. These abnormalities
can be recognized with spiral CT as transient
hepatic parenchymal enhancement (THPE) that
displays the affected site as an area of high atten-
uation in arterial phase and returns to normal in
portal phase due to decreased portal venous flow
and resulting in an arterioportal shunt (APS) [10].

With advances in knowledge; the contrast en-
hancement fraction (CEF) can be calculated using
triphasic CT and could be used as a new parameter
to observe liver hemodynamics [11].

Liver biopsy has been the main method for
diagnosis of liver fibrosis and cirrhosis, but it is
an invasive method, with many complications, so
anon-invasive method is needed to assess the
severity of liver cirrhosis.

So our study aimed to assess the severity of
liver cirrhosis by measurement of hepatic blood
flow using triphasic CT.

Patients and M ethods

Sudy population:

Our prospective, single center, case control
study approved by the local institutional ethics
committee; written informed consent was obtained
from all patients. The study involved 60 subjects
(divided into 30 patients with chronic diffuse
parenchymatous liver disease and 30 healthy vol-
unteers of matches ages and sex), there were 37
males, and 23 females. Patients displayed mean
age of (59.3+7.26) in the control group, and
(59.7+9.3) in the study group with age range of
28-82 yearsold. All patients were referred from
Gastrointestinal department to MRI Unit at Radio-
diagnosis department, Suez Canal University Hos-
pital over aperiod of one year from February 2018
to January 2019.

All cases underwent supervision of their medical
history, clinical examination, laboratory confirma

tion of chronic diffuse liver disease (Albumin,
Prothrombin time, Total bilirubin, ALT, AST, GGT,
Aspartate aminotransferase), and triphasic CT.

Theinclusion criteriafor case group involved
(a) Patients with liver cirrhosis confirmed by clin-
ical history, laboratory, ultrasound or MRI, the
severity of cirrhosis was evaluated using the Child-
Pugh classification. (b) Age >18 years, (c) Creat-
inine clearance >30ml/min/1.73m 2. Theinclusion
criteriafor the control group were as follows: (a)
Normal liver function and haemodynamics, (b) No
prior liver disease (such as hepatitis B or C), ()
No evidence of portal vein thrombosis.

The exclusion criteriaincluded; (a) Patients
with known allergic reaction to contrast, (b) Cre-
atinine clearance |l ess than 30ml/min/1.73m?, (c)
pregnant women, (d) patientsin the pediatric age
group (<18 years).

Imaging technique:

All the studied patients were subjected to
Triphasic CT using 16-dice Toshiba Aquilion CT
scanner.

Patient preparation:

Patients were kept fasting for at least 6 hours.
Intravenous access (with 18 G cannul@) through
antecubital vein was done.

Imaging technique:

A CT scan of the liver was obtained without
IV. contrast medium injection during a breath hold
at the end of expiration. The scan coverage was
from the diaphragmatic dome to the lower poles
of both kidneys. The acquisition was done in shal-
low and slow breathing. CT examination of the
total liver volume was acquired after intravenous
injection of nonionic contrast Opitray (loversol):
1.5ml/Kg with overall dose from 80-100ml at 3ml/s
using a automatic injector.

Liver was scanned in arterial phase (scanning
delay, 20-25 seconds), portal phase (scanning delay,
45-60 seconds), and equilibrium (scanning delay,
2-5 minutes) phases. All the CT examinations were
performed with the following parameters: Detector
collimation:; 0.625-1.250mm; Matrix: 512x512;
Reconstruction intervals: 3.75-5.00mm; Scan time:
50s; Gantry rotation time: 0.4s; Tube voltage: 80-
100kV; Tube current: 150-300mASs/Auto mAs.

Image analysis:
A circular region of interest (ROI) of approxi-
mately 200mm? was placed on four areas of the
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liver parenchyma: Right posterior, right anterior,
left medial, and left lateral segments, with caution
avoiding the large vessels in the hepatic arterial
phase (HAP) and portal venous phase (PVP), to
measure the attenuation of the area selected in pre-
contrast arterial and porto-venous phases, Figs.
(1,2).

Then the contrast concentration was cal culated
by dividing the contrast concentration in the hepatic
arterial phase by that in the portal venous phase
using ROI measurement in HU. The CEF was
calculated using the following formula [10] :

CEF = Contrast concentration (HAP)/
Contrast concentration (PVP).

(A)
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Satistical analysis:

Data collected was coded analyzed using Mi-
crosoft Excel software in the form of: Seria ID,
age, sex. Datawas then import into SPSS (Statis-
tical Package for Social Sciences) software program
version 13.0 for analysis. According to the type of
data, the following tests were used to test differ-
ences for significance; Chi square, t-test, and one-
way ANOV A with least significance difference.
Chi square test and non parametric tests used to
compare categorical variables. p-value was set at
<0.05 for significant results. Data was presented
in the form of table presentation.

©

Fig. (1): Triphasic CT of the liver in normal volunteer aged 45 years old. (A) Pre-contrast. (B) Arterial phase. (C) Porto-venous
phase. A circular region of interest (ROI) with an area of approximately 200mm 2 was placed on the right posterior,
right anterior, left medial, and |eft lateral liver segments on the slice with the largest liver parenchyma, avoiding the
large vessels. The ROI was placed on asimilar area and location in the different phases. The calculated CEF=0.74.

(A)

©

Fig. (2): Triphasic CT of theliver in a51 years old male patient with liver cirrhosis (Child-Pugh grade C), displayed irregular
nodular hepatic contour, enlarged caudate |obe, attenuated hepatic veins, portal venous thrombosis and ascites. (A)
Precontrast. (B) Arteria phase. (C) Porto-venous phase. Thereisincrease in ROl measurement in the arterial and portal
phases compared to the pre-contrast phase. The ROl measurement in the portal phase was lower than the arteria phase
indicating slow drainage of the contrast media from the liver parenchyma due to portal out- flow obstruction which
has an impact on liver function by decreasing portal perfusion. The calculated CEF wasincreased= 1. 1.
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Results

A total of dligible 30 chronic liver disease
patients with similar normal control ones with a
total of 60 patients were subjected for this work.
37 of them were males, while 23 patients were
females & patients were found in age group be-
tween 28 to 82 years old with a mean age
(59.31£7.26) in the control group, and (59.7 £9.3)
in the study group.

Of the 30 patients in the study group with
chronic liver disease 20 patients had ascites and
10 patients did not. And only 7 patients had hepatic
encephal opathy out of the 30 chronic liver disease
patients.

In all the 30 chronic liver disease patients, there
were an abnormal liver function laboratory results
including: Albumin, Prothrombin time, Total bi-
lirubin, ALT, AST, Aspartate aminotransferase,
GGT. While the control cases had normal liver
function. All the 30 subjectsin the study group
were Hepatitis C virus positive, while in the control
group were free.

The total subjectsin our study were divided
according to lab results and clinical datainto a
control group 30 subjects (50%) and a study group
30 subjects (50%). The 30 subjectsin the study
group were subdivided in our study according to
lab results and clinical datainto child Pugh class
(A) 10 subjects (33.3%), child Pugh class (B) 11
subjects (36.7%), and child Pugh class (C) 9 sub-
jects (30.0%).

The ROI measurement in HU in all liver seg-
mentsin different groups are listed in (Table 1).
The ROI measurement in the porto-venous phase
was higher than the arterial phase in both the study
and control groups.

Table (1): ROI (region of interest) measurement in Hounsfield
unit (HU) of different groups measured in ALL
Liver segments at each phase.

In the arterial phase, the ROl measurement of
the control group was dlightly higher than that of
the study group but there were no significant
difference’. However, the ROl measurement in
the portal phase of the study subgroups was signif-
icantly lower than the portal venous phasein the
control group (Table 2).

Table (2): ROI (region of interest) measurement in Hounsfield
unit (HU) of different groupsin arterial phase.

ROI measurement-arterial phase

Rt post. Rt ant. Ltmed. Ltlat.
segment  Segment  Segment  Segment

Group:

Control 55.8+45 58.4+4.7 583+4.8 585+5.2
Child-Pugh A 47.9+86 48.0+11.2 49.0+9.6 51.5+10.1
Child-PughB 51.2+55 53.3+83 53.7+7.4 53.6+9.1
Child-Pugh C 47.1+94 46.9+95 51.9+6.9 50.0+9.0

There was significant difference between the
ROI measurement in the portal phase of the Child-
Pugh (C) and the control group, with almost no
difference between the control group and Child-
Pugh (A). There was statistical difference between
HU in the control group and Child-Pugh (B), Child-
Pugh (A) and (B), Child-Pugh (A) and (C), Child-
Pugh (B) and (C) (Table 3). With increase in the
Child-Pugh grade there was a decrease in ROI
measurement in both the arterial and portal phases
but more marked in the portal phase.

Table (3): ROI (region of interest) measurement in Hounsfield
unit (HU) of different groupsin portal phase.

ROI measurement-portal phase

ROI measurement- All segments

Control Child- Child- Child-

Rt post. Rt ant. Lt med. Ltlat.
segment  Segment  Segment Segment
Group:
Control  75.9+103 78.2+111 79.2+9.8 77.6+118
Child-  75.9+138 725+125 753+123 76.4+127
Pugh A
Child- 665+114 66.2+9.6* 67.8+111* 67.8+11.8*
Pugh B
Child- 58.6+7.8* 51.4+6.8* 60.1+9.1* 58.7+6.6*
Pugh C

Group Pugh A PughB  PughC

CT phase:
Pre-contrast:

Mean+SD 49.6+4.3 455+134 459452 445463

Range 35-61 11-72 36-56 31-55
Arterial phase:

Mean+SD 57.8+49 491496 529+75 48.9+8.7*

Range 44-70 22-62 40-74 26-64
Portal phase:

Mean+SD 77.7+10.7 75.0+124 67.1+10.6* 57.2+8.1*

Range 55-115 50-105 51-94 41-74

*Significant difference versus control group.

*Significant difference versus control group.

The value of CEF in subject with normal liver
function in the control group was 0.74. The CEF
values increased with increasing Child-Pugh grades
in the study group. There were noticeable differ-
ences for CEF between Child-Pugh A and B groups,
Child-Pugh A and C groups and Child-Pugh B and
C groups. The CEF increased as liver function
(Child-Pugh grade) deteriorated in the study group
(Table 4)”.
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Table (4): The ROl measurement in the arterial and portal
phases and CEF (contrast enhancement fraction)
for the study and control groups.

ROI- ROI-

Group arterial portal CEF

Control 57.814.9 77.7+£10.7 0.7410.45

Child-Pugh A 49.1+9.6 75.0+12.4 0.65+0.77

Child-Pugh B 52.9+7.5 67.1+£10.6 0.79+0.70

Child-Pugh C 48.9+8.7 57.2+8.1 0.85+1.07
Discussion

Liver biopsy has been the main method for
diagnosis, but it is an invasive method, with many
risks as: Sampling error, serious complications,
and even death. The accuracy of liver biopsy has
been questioned because of these risks that may
lead to over- or under staging of fibrosis. Therefore,
an accurate noninvasive method is needed to meas-
ure the degree of hepatic cirrhosis [1].

In our study, we used triphasic CT to detect the
severity of hepatic cirrhosis by quantitatively
measuring hepatic tissue blood flow. The main
point of this study was to compare the hepatic
parenchymal enhancement obtained in triphasic
CT imaging of cirrhotic patients to that of the
control group with normal liver function, and to
evaluate the possibility of estimating the liver
haemodynamics of cirrhotic patients using ROI
measurement in HU and calculated CEF.

In our study, there was a significant decrease
in ROI measurement in the portal phase in Child-
Pugh (C) patients as compared to the control group
in all liver segments and thisis due to the presence
of portal hypertension and possible decrease in
parenchymal portal venous flow resulting in de-
creased blood flow and consequently decreased
contrast perfusion throughout the liver.

Cirrhotic nodules or fibrotic scars obliterate
hepatic vascular space and thus raising resistance
to portal flow [12] . Thisresulted in decreased
perfusion of contrast throughout the liver paren-
chyma and subsequently decreased ROl measure-
ment in the portal phase as compared to the control

group”.

However, in the arterial phase, there was a
slight decrease in ROl measurement in Child-Pugh
(C) as compared to the control group probably due
to increased arterial flow pressure cirrhotic patients
due to the hyperdynamic circulation that occurs
with portal hypertension as proved in previous
literature. Therefore, the ROl measurement in the
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arterial phase was not affected as the ROl meas-
urement in the portal venous phase. The hyperdy-
namic circulation resulted in aminimal decrease
in the ROI measurement in the hepatic arterial
phase.

For the different Child-Pugh grades, our study
demonstrated that ROI measurement decreased as
liver function (Child-Pugh grade) deteriorated in
the study group, which may be aresult of the
increased arterial supply and decreased portal
supply of the liver parenchymain advanced liver
cirrhosis [1]. ROl measurement could be a success-
ful predictive indicator for liver haemodynamics
of cirrhosis patients as a quantitative method be-
cause it reflects changes in haemodynamics and
correlates with Child-Pugh grade.

The timing of the arterial and portal phasesis
acrucial factor in this study to ensure accurate and
consistent results. If the arterial phase acquisition
beginstoo early, the ROl measurement of the liver
parenchyma measured would be lower owing to
insufficient hepatic arterial infusion. However, if
the acquisition begins too late, ROl measured
would probably be higher owing to the participating
portal venous infusion and the same happensin
the portal phase. In addition, the ROl measurement
could be affected by factors, as the dose, concen-
tration, and injection rate of contrast material.

The CEF reflects the ratio of the hepatic arterial
flow to that of the total hepatic flow based on the
contrast concentration in the liver parenchyma
The CEF values increased with increasing Child-
Pugh grades in the study group. There were notice-
able differences for CEF between Child-Pugh (A)
and (B) groups, Child-Pugh (A) and (C) groups,
and Child-Pugh (B) and (C) groups.

Our study matches with a study done by Zhao
et a., that the iodine content (contrast enhancement
in our study) measured with triphasic CT in the
arterial phase is proportional to the arterial blood
flow, and the porto-venous phase is mainly propor-
tional to the whole liver blood flow. Theoretically,
the CEF would then reflect the ratio of the hepatic
arterial blood flow to that of the total liver flow
[11] . There was a difference in CEF between the
control and study groups, and between the sub-
groups in the study group. The ROl measurement
showed that the portal phase was higher than that
in the arterial phase in both the study and control
groups. The CEF values increased with increasing
Child-Pugh grades in the study group.

In our study, the ROI measurement of hepatic
parenchyma was found to be higher in the portal
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phase and lower in the arterial phase for patients
in the study group than in the control group, result-
ing in an elevated CEF for cirrhotic patients. This
value was significantly lower than that for patients
with normal liver functions.

The increase of CEF of liver parenchyma with
increased Child-Pugh grade may be explained by
the increased portal pressure and decreased hepatic
excretory function in these cases. Also, collagen
deposition and increased hepatic vein wedge pres-
sure causing more retention of contrast in the liver
parenchyma. Accordingly, CEF could be a success-
ful predictive indicator for liver haemodynamics
of cirrhosis patients when used as a quantitative
parameter because it reflects changes in haemody-
namics and correlates with Child-Pugh grade.

Our study agree with Tripodi et a., [13], that
liver cirrhosisincreases portal flow resistance and
slowing-down the blood out-flow, this favors PV
thrombosis and have an impact on liver function
by decreasing portal perfusion. This decreasein
out-flow of blood caused increase in ROl measure-
ment of the portal phase as compared to the arterial
phase.

Our study had some limitations as; firstly: Even
though our study showed that the numerical value
of ROI measurement in HU of the hepatic paren-
chyma attenuation, the exact correlation and the
consistency between the ROl measurements and
the HPI (hepatic perfusion index) is still unknown
and should be further studied. Secondly: More
studies with correlation to perfusion CT parameters
as (hepatic perfusion flow, hepatic perfusion volume
MTT (mean transition time) and permeability
surface) can be done and reflect the liver haemo-
dynamics more accurately from different views.

In conclusions:

The ROI measurement of liver parenchyma
attenuation in Triphasic CT and calculation of
contrast enhancement fraction (CEF) can be used
to quantify liver fibrosis as a promising technique,
and aid in the staging of hepatic cirrhosis; with
many advantages, as follows. Non-invasive tech-
nigue, no anesthetic risk, can be used if liver biopsy

is contraindicated, palatable by patients, can be
used to evaluate the treatment response, and quan-
tify hemodynamic changesin liver cirrhosis.
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