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Abstract

AIM: To determine the validity of the non-invasive method
of CT perfusion (CTP) in rat model of hepatic diffuse disease.

METHODS: Twenty-eight Wistar rats were divided into
two groups. Liver diffuse lesions were induced by diethyln-
itrosamine in 14 rats of test group. Rats in control group
were bred with pure water. From the 1% to 12" wk after
the test group was intervened, both groups were studied
every week with CTP. CTP parameters of liver parenchyma
in different periods and pathologic changes in two groups
were compared and analyzed.

RESULTS: The process of hepatic diffuse lesions in test
groups was classified into three stages or periods according
to the pathologic alterations, namely hepatitis, hepatic fibrosis,
and dirrhosis. During this period, hepatic artery flow (HAF)
of control group declined slightly, mean transit time (MTT),
blood flow (BF) and volume (BV) increased, but there were
no significant differences between different periods. In
test group, HAF tended to increase gradually, MTT prolonged
obviously, BV and BF decreased at the same time. The results
of statistical analysis revealed that the difference in the
HAF ratio of test group to control group was significant.
The ratio of BV and BF in test group to control group in stage
of hepatitis and hepatic cirrhosis, hepatic fibrosis and early
stage of hepatic cirrhosis was significantly different, but
there was no significant difference between hepatitis and
hepatic fibrosis. The main pathological changes in stage of
hepatitis were swelling of hepatic cells, while sinusoid
capillarization and deposition of collagen aggravated
gradually in the extravascular Disse’s spaces in stage of
fibrosis and early stage of cirrhosis.

CONCLUSION: The technique could reflect some early
changes of hepatic blood perfusion in rat with liver diffuse
disease and is valuable for their early diagnosis.
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INTRODUCTION

The imaging diagnosis of hepatitis, hepatic fibrosis and eatly-
stage hepatic cirrhosis is still very difficult because they lack
morphological changes. However, some hemodynamic changes
of these diseases have been found. Invasive and non-
invasive methods®* are employed to detect these alterations.
At present, blood perfusion data of liver tissues and lesions
can be obtained by non-invasive method of CT perfusion
(CTP) scan using rapid scan technique and analytic software.
Clinical observations have shown its feasibility®”. But there
are few studies on the blood changes in hepatitis, hepatic
fibrosis and cirrhosis at eatly stage®. This study was to
investigate the validity of CTP in rat model of hepatic
diffuse disease.

MATERIALS AND METHODS

Animals

Twenty-eight male Wistar rats, 6 wk old, were divided into
test and control groups (14 each group). Three days were
given to get themselves adapted to the environment in
independent ventilating cabinets. Test group was continually
intervened every day by adding diethylnitrosamine (DEN,
0.01%, Sigma, 0.99 mg/mL) into their drinking water.
Control group drank pure water at the same time. The rats
in both groups were scanned by spiral CT once a week for
12 wk after the intervention in test group. Rats of both
groups were killed 24 h after CT scan and liver parenchyma
tissue of corresponding part was collected and stained with
hematoxylin and eosin for pathological examination.

CTimaging

All examinations were completed on a spiral CT scanner.
Plain scan was performed to select a slice in which the liver,
aorta and portal vein were clearly visualized. Then single
section sequential dynamic contrast enhancement CT scan
was done according to the protocol of 0.6 s scan time, 0.4 s
cycle time, 50 s total scan time; 120 kV, 80 mA; 5-mm slice,
512%512 matrix, 12 cm FOV. An ionic contrast agent (60%
angiografin, 1 ml./kg) with diluted concentration of 33%
was injected into the tail vein after 5-10 slices were scanned.
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Tissueanalysis

Within 24 h after CT imaging, the rats were killed and livers
were removed at autopsy. DEN-induced liver injury was
assessed by standard hematoxylin-eosin staining and electron
microscopy, and compared to the normal livers.

Data analysis

All images were transmitted to a workstation (SPARC;
Volume Viewer) for data analysis using GE AW4.2. Four
of the six parameters were calculated by this software,
including blood flow (BF), blood volume (BV), mean transit
time (MT'T), hepatic arterial flow (HAF). The other two
parameters devised for tumor lesion were not included in
this test. Three regions of interest (ROI) were drawn in the
abdominal aorta, portal vein and right lobe of the liver
respectively to obtain satisfactory time-density curves. Hepatic
artery was substituted by abdominal aorta because of its
small caliber. The ROI of liver parenchyma was as large as
possible and avoided large blood vessels.

Statistical analysis

Data were expressed as mean*SD. The Student-Newman-
Keuls was used for comparison between two groups in different
periods. Considering the changes of perfusion parameters
in normal group, ratios of the relative data between test group
and normal group were compared. P<0.05 was considered
statistically significant.

RESULTS
Pathology

Hepatic lesions in test group were proved to be the main
pathologic changes manifested as swelling of hepatocytes
1-4 wk after intervention. Fibrotic changes were found at
5-8 wk. Hepatic lesions developed into cirrhosis at 9-14 wk
and were characterized by many cirrhosis nodules. Diffuse
lesions in different lobes were at different levels. Left lobe
and/or left segment of right lobe developed into cirrhosis
earlier and more serious than others.

CTresults
No obvious morphologic changes were seen in both groups
during the experiment.

Time-density curves (Figure 1) of CTP were satisfactory
and all hepatic blood perfusion data (Table 1) could be
obtained. From the 1% to 12" wk after the test group was
treated with DEN, HAF increased gradually, MTT prolonged
obviously, BV and BF decreased at the same time. While
HAF of control group declined slightly, MTT, BF and BV
increased. Statistical analysis (Figure 2) showed that the
differences in the HAF ratios of test group to control group

at different stages were significant (P<0.05). The BV and
BF ratios at stage of hepatitis and hepatic cirrhosis, hepatic
tibrosis and eatly stage of hepatic cirrhosis were significantly
different (P<0.05), but no significant difference was found
between hepatitis and hepatic fibrosis.
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Figure 1 Time-density curves for abdominal aorta (curve 1), portal vein (curve
2) and liver parenchyma (curve 3).
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Figure 2 Histogram of BV, MTT, HAF (A) and BF (B) at different stages in two
groups.

DISCUSSION

At present, the diagnosis of hepatitis, hepatic fibrosis and
early hepatic cirrhosis in clinic mainly depends on blood
examination and the history of patients. Hepatic biopsy has
to be considered in order to determine the degree of lesion
but is not always exact. Hemodynamic change is important
in determining the function of liver. The blood volume of
liver accounting for 1/4 of cardiac output is important in
maintaining hepatic function. Decrease of blood perfusion

Table 1 CTP data at different stages of test group and control group (mean+SD)

Hepatitis (1-4 wk)

Fibrosis (5-8 wk) Cirrhosis (9-12 wk)

Test Normal Test Normal Test Normal
HAF (%) 0.3340.23 0.25+0.17 0.55+0.13 0.22+0.16 0.710.24 0.19£0.17
BV (mL/100 g/min) 18.05+3.27 20.5442.35 19.35+3.96 26.6516.67 9.5143.61 33.06+4.45
BF (mL/100 g) 152.84+59.12 143.43+26.65 161.77+56.64 192.44+79.98 117.59+78.66 251.67+73.50
MTT (s) 6.6+2.39 6.57+3.28 11.4143.92 8.3+2.75 15.0245.21 7.8842.06
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in liver will impair its function by reducing the exchange of
blood and hepatocytes. Therefore, the investigation of
perfusion parameters of liver is of great value in clinical
diagnosis and treatment of liver disease.

Non-invasive techniques used in clinic to estimate hepatic
perfusion include hepatic clearance of sorbitol, SPECT,
PET, Doppler, eze. However, there are some shortcomings
of these methods. For example, the method of hepatic
clearance of sorbitol is affected severely by some enzymes
and transit mechanism when applied in patients with severe
liver diffuse disease. Nuclear medicine techniques are
hampered by their limited spatial and temporal resolution
in differentiating the overlapping parts of hepatic artery
and portal vein perfusion in liver, and can barely reflect a
large area of liver and can be affected easily by abdominal
aorta, inferior vena cava and right kidney when hepatic
artery perfusion is measured quantitatively®. Doppler and
color Doppler can only measure the velocity of large blood
vessels and could not directly evaluate the blood amount
of hepatic patenchyma®. The applications of invasive
methods including angiography, CTA, CTAP, efc., do not
play an important role in routine clinical practice.

Studies of Miles ez a'”, reported that it is possible to
analyze hepatic perfusion using single slice dynamic CE CT
scan. According to its achievements in brain diseases!"", this
technique may be a promising way to detect hepatic blood
petfusion. To date, there are few reports about its application
in liver diseases!'>",

Our results showed that HAF in control group declined
slightly and MTT, BF and BV increased gradually from the
1% to 12" wk after the test group was treated, but there
were no significant differences. The explanation may be
because the experimental rats were growing and hepatic
perfusion data would change with the growth. In test group,
HAF tended to increase, MTT prolonged obviously, BV
and BF decreased at the same time. Considering the changes
of perfusion parameters in control group, the ratios of the
counterpart data in test group and control group were
compared. The results of statistical analysis demonstrated
that the differences in HAF and MTT at different stages
of test group were significant (P<0.05), and the differences
in BV and BF between hepatitis and hepatic cirrhosis, hepatic
tibrosis and early stage of hepatic cirrhosis were significant
(P<0.05), suggesting that single slice dynamic CE CT scan
can estimate the changes of hepatic blood perfusion related
with liver diffuse disease. There was no significant difference
in BV and BF between hepatitis and hepatic fibrosis. The
explanation may be that liver at this stage can still compensate
for its blood perfusion by increasing hepatic arterial volume
or the pressure of portal vein. The perfusion data of early
stage of hepatic cirrhosis changed a lot compared to those
at stage of hepatitis. Pathologic analysis showed that transfor-
mation of the fenestrated sinusoids into continuous capillaries
and deposition of collagen in the extravascular spaces were
the key factors. This kind of alterations may increase the
interstitial pressure and obstruct hepatic blood perfusion.
Shunts between hepatic artery and portal vein disturb hepatic

perfusion in hepatic cirrhosis, but this phenomenon was not
obvious in our animal models.

MR perfusion in liver has been studied recently. However,
there is no good analytic software because of its complexity
compared to CT. Furthermore, the theory and manipulation
of MR perfusion are not as simple as CTP in liver examination.
Therefore, CTP is more feasible than MR at present.
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