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Abstract 

Background: Liver cirrhosis causes portal hypertension due to mainly parenchymal necrosis, 
then connective tissue deposition, nodular regeneration of hepatocyte, resulting in distor-
tion of the hepatic architecture. In advanced cirrhosis the hepatic artery becomes engorged 
and tortuous. Spiral CT is used during the hepatic artery phase to identify and differentiate 
liver tumors and liver cirrhosis by detecting hemodynamic changes. CT can also display 
signs of fibrosis including abnormal morphology as left lobe hypertrophy, nodular edge, 
and regenerating nodules that appear low density in CT. If cirrhosis can be detected and 
graded by a non-invasive method this will be practically very helpful. Aim: this study aims to 
evaluate the severity of liver cirrhosis using triphasic CT by measuring hepatic tissue blood 
flow to improve the accuracy of diagnosis and staging of cirrhosis and subsequent man-
agement and follow-up and to avoid the more invasive liver biopsy. Subjects and Methods: A 
case control study was done and included patients attending the internal medicine and/or 
the radiology departments in Suez Canal university hospital. Results: 60 patients were in-
cluded in this study 30 patients with previous history of liver disease compared to similar 
number of patients with no history of liver disease. There was statistically significant dif-
ference between region of interest (ROI) measurements in both groups and the difference 
was more observed between control group and Child-Pugh C patients. Conclusion: the study 
concluded that the ROI measurement of liver attenuation in Triphasic CT can be used to 
quantify liver cirrhosis as promising technique, and aid in the staging of hepatic cirrhosis. 
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Introduction 

Liver cirrhosis causes portal hyperten-
sion due to mainly parenchymal necro-
sis, then connective tissue deposition, 

nodular regeneration of hepatocyte, re-
sulting in distortion of the hepatic archi-
tecture(1-4). Liver cirrhosis causes distor-
tion of the normal liver blood flow he-
modynamics, causing decreased portal 
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flow to the liver and increased arterial 
flow. In advanced cirrhosis, the hepatic 
artery becomes enlarged and tortuous(3-

5). Liver cirrhosis causes abnormal per-
meability of the sinusoid causing ab-
normal arterioportal communications. In 
severe cirrhosis, portal vein thrombosis 
is frequently seen(6). The liver blood 
supply consists of two parts making hel-
ical computed tomography (CT) a pro-
foundly appropriate method for liver 
imaging. Spiral CT allows a solitary 
breath-hold image acquisition staying 
clear of motion artifacts(7). Quick image 
acquisition of spiral CT makes evaluation 
of the liver at different phases possible. 
The arterial and portal circulations to 
the liver have several communications. 
If vascular compromise happens, 
changes in the blood flow volume and 
direction occurs in individual vessels. 
These abnormalities can be recognized 
with spiral CT as high attenuation area 
on arterial phase images and returns to 
normal on portal phase images meaning 
there is an increased arterial blood flow 
and arterioportal shunting(7). Perfusion 
abnormalities are caused by liver cirrho-
sis, portal vein obstruction, hepatic 
trauma, hepatic neoplasms, hereditary 
hemorrhagic telangiectasia (HHT), he-
patic vein obstruction, inflammatory 
changes, steal phenomenon by hyper-
vascular tumors, aberrant blood supply, 
hepatic parenchymal compression, and 
others(8-11). The liver is predominantly 
supplied by portal vein (75%) and sup-
plemented by hepatic artery (25%). In 
liver cirrhosis, deposition of collagen in 
the space of Disse causes increased re-
sistance to incoming blood flow in the 
sinusoids. This is responsible for the de-
creased portal flow, compensated by an  

increase in arterial flow through the he-
patic arterial buffer response(12-14). The 
most common noninvasive methods 
that show the liver morphology and are 
used for diagnosing liver cirrhosis are 
CT, ultrasonography (US), and MRI. 
Cross-sectional imaging evaluates the 
hemodynamics in the liver providing ad-
ditional vital data in the diagnosis of dif-
fuse liver diseases(15-17). Many modalities 
have been used to asses liver cirrhosis 
including ultrasound, doppler, fibroscan 
and magnetic resonance imaging. Alt-
hough fibroscan can detect and grade 
cirrhosis it is unhelpful in the presence 
of ascites and in obese subjects. 

Subjects and Methods 

Type of the study: Case-control study.  
Study population: patients attending 
Hepatology and Radiology department 
in Suez Canal University hospital. A) In-
clusion criteria: Patients with clinically 
confirmed cirrhosis with or without por-
tal hypertension by clinical history, la-
boratory, ultrasound, and were defini-
tively diagnosed as liver cirrhosis. The 
severity of the cirrhosis is evaluated us-
ing the Child–Pugh classification as 
shown below. Scoring system to 
evaluate chronic liver disease (CLD) 
severety. A (score 5-6), B (score 7-9) and 
C (score 10-15) . The inclusion criteria for 
the control group were as follows: nor-
mal liver function and hemodynamics, 
no prior liver disease (such as HBV or 
HCV), and no evidence of portal vein 
thrombosis and decided to have to have 
triphasic CT study of whatever indica-
tion other than liver disease. B) Exclu-
sion criteria: Patients with known con-
trast reaction. Creatinine clearance less 
than 30 ml/min/1.73 m2. Pregnant wom-
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en. Patients in the pediatric age group 
(<18 years).  
Imaging technique: All the studied pa-
tients were subjected to Triphasic CT of 
the liver. This was performed on a 
16‑slice CT scanner Toshiba Activion. Pa-
tients were kept fasting for at least 6 
hours. Intravenous access (with 18 G 
cannula) through antecubital vein. A CT 
scan of the liver was obtained without 
contrast medium during a breath hold at 
the end of expiration. The scan cover-
age was from the diaphragmatic dome 
to the lower poles of both kidneys(6). CT 
examination of the total liver volume 

was acquired after intravenous injection 
of non-ionic contrast Optiray (Ioversol): 
1.5 ml/Kg with overall dose from 80-100 
ml at 3ml/s using a automatic injector. 
Liver was scanned in arterial phase 
(scanning delay, 20-25 seconds), and 
portal phase (scanning delay, 45-60 sec-
onds). circular region of interest (ROI) 
of approximately 200mm2 was placed 
on four areas of the liver parenchyma: 
right posterior, right anterior, left medi-
al, and left lateral segments, with cau-
tion avoiding the large vessels in the 
HAP and PVP, to measure the attenua-
tion of the area selected(2,17). 

 
 

Severity of the cirrhosis is evaluated using the Child–Pugh classification 

 

 

Results 

The distribution of studied groups ac-
cording to personal data is demonstrat-
ed in table (1). Of the 30 patients in the 
study group with CLD 20 patients had 
ascites and 10 patients did not. And only 
7 patients had hepatic encephalopathy 
out of the 30 chronic liver disease pa-
tients (Table 2). All the 30 subjects in the 
study group were Hepatitis C virus posi-

tive, while in the control group were 
free (Table 3). The total subjects in our 
study were divided according to lab re-
sults and clinical data into a control 
group 30 subjects (50 %) and a study 
group 30 subjects (50%). The 30 subjects 
in the study group were subdivided in 
our study according to lab results and 
clinical data into child Pugh class A 10 
subjects (33.3%), child Pugh class B 11 
subjects (36.7%), and child Pugh class C 9 
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subjects (30.0%), (Table 4). Average ROI 
measurement of all hepatic segments 
was calculated as a single measure and 
showed: The ROI measurement in 

Hounsfield Units (HU) of the hepatic pa-
renchyma in the portal phase was high-
er than the hepatic arterial phase in 
both study and control groups.  

 
Table 1: Distribution of studied groups according to Personal data 

 
 

Control Group (n=30) Study Group (n=30) 
p-value 

Freq. % Freq. % 

P
e

rs
o

n
al

 
D

at
a 

Gender 
Male 19 63.3% 18 60.0% 

0.12 
Female 11 36.7% 12 40.0% 

Age (years) 
Mean  SD 59.3  7.26 59.7  9.3 

0.25 
Range 50 – 82 28 – 75 

No statistically significant difference between two groups 
 
 

Table 2: Distribution of studied groups according to history of clinical data 

 
 

Control Group 
(n=30) 

Study Group 
(n=30) 

Freq. % Freq. % 

C
lin

ic
al

 D
at

a 

CLD 
0 0.0% 30 100.0% 

30 100.0% 0 0.0% 

Ascites 
0 0.0% 20 66.7% 

30 100.0% 10 33.3% 

Hepatic en-
cephalopathy 

0 0.0% 7 23.3% 

30 100.0% 23 76.7% 

 
 

Table 3: Distribution of studied groups according to liver infections 

 
 

Control Group 
(n=30) 

Study Group 
(n=30) 

Freq. % Freq. % 

Li
ve

r 
In

fe
ct

io
n

s Hepatitis B 
Positive 0 0.0% 0 0.0% 

Negative 30 100.0% 30 100.0% 

Hepatitis C 
Positive 0 0.0% 30 100.0% 

Negative 30 100.0% 0 0.0% 

History of Schis-
tosomiasis 

Yes 0 0.0% 0 0.0% 

No 30 100.0% 30 100.0% 

 
 

Table 4: Distribution of study groups according to Child-Pugh classification 

 
 

Control Group (n=30) Study Group (n=30) 

Freq. % Freq. % 

G
ro

u
p

 Control 30 100.0% 0 0.0% 

Child-Pugh A - - 10 33.3% 

Child-Pugh B - - 11 36.7% 

Child-Pugh C - - 9 30.0% 
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The ROI measurement in HU of the he-
patic parenchyma in the hepatic arterial 
phase showed no significant difference 
as compared to the control group. 
However, the HU in the portal phase of 
the study group was significantly lower 
than that the portal venous phase in the 
control group. There was statistical dif-
ference between HU in the control 
group and child Pugh B, A and B, A and 
C, B and C. There was a significant dif-
ference between the control group and 
child Pugh C, but non between the con-
trol and child Pugh A (Table 5). In the 
portal phase, ROI measurement of the 
control group was slightly higher than 
the study group. However, there was 
almost no difference between the con-
trol group and Child-Pugh grade A, but  

there was a significant difference be-
tween the control and Child-Pugh C as 
well as Child-Pugh A and C. there was a 
decrease in ROI measurement with in-
creasing Child–Pugh grades” (Table 6). 

Discussion 

Liver cirrhosis is the outcome for CLD. It 
has an increasing prevalence and is the 
seventh leading cause of death. Approx-
imately 25,000 die yearly from its com-
plications. Hepatitis C virus (HCV) infec-
tion is hyper-endemic in Egypt, where 
schistosomiasis is common. Chronic HCV 
is the main cause of liver cirrhosis and 
cancer in Egypt. The rate of HCV sero-
prevalence exceeds 30% in the subgroup 
of patients aged 40 to 67 years(11).  

 
Table 5: ROI (region of interest) measurement in Hounsfield unit (HU) of different groups 

measured in ALL Liver segments at each phase 

 
 

ROI measurement- All segments 

Control Group Child–Pugh A Child–Pugh B Child–Pugh C 

C
T

 p
h

as
e

 

Pre-
contrast 

Mean  SD 49.6 ± 4.3 45.5 ± 13.4 45.9 ± 5.2 44.5 ± 6.3 

Range 35 – 61 11 – 72 36 – 56 31 – 55 

Arterial 
phase 

Mean  SD 57.8 ± 4.9 49.1 ± 9.6 52.9 ± 7.5 48.9 ± 8.7* 

Range 44 – 70 22 – 62 40 – 74 26 – 64 

Portal 
phase 

Mean  SD 77.7 ± 10.7 75.0 ± 12.4 67.1 ± 10.6* 57.2 ± 8.1* 

Range 55 – 115 50 – 105 51 – 94 41 – 74 
*Significant difference vs. control group. 

 
 
Table 6: ROI (region of interest) measurement in Hounsfield unit (HU) of different groups in 

PORTAL PHASE. 

 
 

ROI measurement- Portal phase 

Rt post. seg-
ment 

Rt ant. segment 
Lt med. Seg-

ment 
Lt lat. Seg-

ment 

G
ro

u
p

 

Control 75.9  10.3 78.2  11.1 79.2  9.8 77.6  11.8 

Child-Pugh A 75.9  13.8 72.5  12.5 75.3  12.3 76.4  12.7 

Child-Pugh B 66.5  11.4 66.2  9.6* 67.8  11.1* 67.8  11.8* 

Child-Pugh C 58.6  7.8* 51.4  6.8* 60.1  9.1* 58.7  6.6* 
*Significant difference vs. control group. 

 



34 Triphasic CT in the Evaluation of Hemodynamics of Cirrhotic Liver 

 

Case 1-(control) 
Male patient, 40 years old, with a known liver hemangioma for follow up but oth-
erwise no chronic liver disease. 

Laboratory tests Reference range Patient 

Bilirubin T (mg/dL) 0.1- 1.2 0.4 

S. albumin (g/L) 3.5 - 5 4.7 

PT (sec prolonged) 9.5- 13.8 seconds (None) 12 
 

Triphasic CT ROI in HU of different liver segments in different CT phases. 

 Regions 

Rt post. Rt ant. Lt med. Lt lat. 

Pre-contrast 35 40 42 43 

Arterial phase 46 49 53 44 

Portal phase 80 82 81 82 

 
Case 2 (Child pugh grade A) 
Female patient, 44 years old, complaining of abdominal pain and weight loss with a 
history of chronic liver disease. Suspected crohn’s disease. 

Laboratory tests     

Point score 1 2 3 Patient 

Total bilirubin (mg/dL) < 2 2-3 >3 1.8 

Serum albumin (g/L) >3.5 2.8-3.5 <2.8 3 

PT (sec prolonged) <4 4-6 >6 2 

Ascites None Mild Moderate to severe None 

Hepatic encephalopathy None Grad I-II Grade III-IV None 
 

Child Pugh classification     

Classification A B C subject 

Total points 5-6 7-9 10-15 6-A 
 

Triphasic CT ROI in HU of different liver segments in different CT phases. 

 
Regions 

Rt post. Rt ant. Lt med. Lt lat. 

Pre-contrast 39 41 43 42 

Arterial phase 48 50 50 53 

Portal phase 66 65 69 77 

Impression 
Increase in ROI measurement in the arterial and portal phases compared to the pre-
contrast phase. The ROI measurement in the portal phase was significantly higher 
than arterial and pre-contrast phases indicating early liver disease with good liver per-
fusion and function. 

 
All chronic liver disease patients have 
liver fibrosis that develops into cirrhosis. 

About 20 to 30 percent of subjects 
without cirrhosis at presentation will 
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develop its complications which are: 
hepatocellular carcinoma, hepatic fail-
ure, ascites, variceal bleeding, hepatic 
encephalopathy. Portal hypertension 
will eventually develop and has a high 
prevalence in Egypt. It causes develop-
ment of portosystemic collaterals with 
compensatory portosystemic shunting 
and disturbed intrahepatic circula-
tion(14,19). Many modalities have been 
used to asses liver cirrhosis including 
ultrasound, doppler, fibroscan and 
magnetic resonance imaging. Although 
fibroscan can detect and grade cirrhosis 
it is unhelpful in the presence of ascites 
and in obese subjects. Noninvasive 
methods to estimate liver cirrhosis are 
increasingly being used in clinical prac-
tice, including serum biomarkers, and 
imaging modalities. If noninvasive 
methods could asses liver cirrhosis, then 
further assessment with liver biopsy 
with its limitations may not be needed. 
Ultrasound and Computed tomography 
are non-invasive methods that can as-
sess the morphologic abnormalities of 
cirrhosis(20). The present study uses tri-
phasic CT to detect the severity of he-
patic cirrhosis using a noninvasive quan-
titative measurement of hepatic tissue 
blood flow to improve accuracy of diag-
nosis and staging of cirrhosis and sub-
sequent management and follow-up. 
The main point of this study was to 
compare the hepatic parenchymal en-
hancement obtained in triphasic CT im-
aging of cirrhotic patients to that of the 
control group with normal liver function 
and to evaluate the possibility of esti-
mating the liver hemodynamics of cir-
rhotic patients using ROI (region of in-
terest) measurement in HU (Hounsfield 
Unit). The total subjects in our study 
were divided according to lab results 

and clinical data into a control group 30 
subjects (50 %) and a study group 30 
subjects (50%). The 30 subjects in the 
study group were subdivided in our 
study according to lab results and clini-
cal data into child Pugh class A 10 sub-
jects (33.3%), child Pugh class B 11 sub-
jects (36.7%), and child Pugh class C 9 
subjects (30.0%). There was statistically 
significant difference between ROI 
measurements in the control group and 
child-Pugh B, child-Pugh A and B, Child-
Pugh A and C, Child-Pugh B and C. There 
was a significant difference between the 
control group and Child-Pugh C, but non 
between control group and Child-Pugh 
A. In our study, there was a significant 
decrease in ROI measurement in the 
portal phase in Child-Pugh C as com-
pared to the control group in all liver 
segments due to the presence of portal 
hypertension and possible decrease in 
parenchymal portal venous flow result-
ing in decreased blood flow and conse-
quently decreased blood perfusion and 
decreased contrast perfusion through-
out the liver. Cirrhotic nodules or fibrot-
ic scars obliterate hepatic vascular space 
and thus raising resistance to portal 
flow(8). Similarly, in our study, the ROI 
measurement in hepatic parenchyma 
was found to be almost similar in the 
arterial phase compared to the control 
group and lower in the portal phase for 
the study group than in the control 
group. For the different Child–Pugh 
grades, our study demonstrated that 
ROI measurement decreased as liver 
function (Child–Pugh grade) deteriorat-
ed in the study group, which may be a 
result of the increased arterial supply 
and decreased portal supply of the liver 
parenchyma in advanced liver cirrho-
sis(11). ROI measurement could be a suc-
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cessful predictive indicator for liver he-
modynamics of cirrhosis patients when 
it can be used as a quantitative method 
because it reflects changes in hemody-
namics and correlates with Child–Pugh 
grade. Our study agrees with the opin-
ion that the iodine content (contrast 
enhancement in our study) measured 
with spectral CT in the arterial phase is 
proportional to the arterial blood flow, 
and the porto-venous phase is mainly 
proportional to the whole liver blood 
flow( ). In our study, the ROI measure-
ment of hepatic parenchyma was found 
to be higher in the portal phase and 
lower in the arterial phase for patients 
in the study group than in the control 
group, resulting in an elevated CEF for 
cirrhotic patients. This value was signifi-
cantly lower than that for patients with 
normal liver functions.  

Conclusion 

We conclude that, the ROI measure-
ment of liver attenuation in Triphasic CT 
can be used to quantify liver fibrosis as a 
promising technique, and aid in the stag-
ing of hepatic cirrhosis; with many ad-
vantages, which can be summarized as 
follows: Non-invasive technique. No an-
esthetic risk. Can be used if liver biopsy 
is contraindicated. quantify hemody-
namic changes in liver cirrhosis 
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