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Abstract

AIM: To investigate the hemodynamic changes in a
precancerous lesion model of hepatocellular carcinoma
(HCO).

METHODS: Hemodynamic changes in 18 Wistar rats
were studied with non-invasive magnetic resonance (MR)
perfusion. The changes induced by diethylnitrosamine
(DEN) developed into liver nodular lesions due to hepatic
cirrhosis during the progression of carcinogenesis.
The MR perfusion data [positive enhancement integral
(PEI)] were compared between the nodular lesions
corresponding well with MR images and pathology and
their surrounding hepatic parenchyma.

RESULTS: A total of 46 nodules were located by MR
imaging and autopsy, including 22 dysplastic nodules
(DN), 9 regenerative nodules (RN), 10 early HCCs and
5 overt HCCs. Among the 22 DNs, 6 were low-grade
DN (LGDN) and 16 were high-grade DN (HGDN). The
average PEI of RN, DN, early and overt HCC was 205.67
+ 31.17, 161.94 + 20.74, 226.09 + 34.83, 491.86 *
44.61 respectively, and their liver parenchyma nearby
was 204.84 = 70.19. Comparison of the blood perfusion
index between each RN and its surrounding hepatic
parenchyma showed no statistically significant difference
(P = 0.06). There were significant differences in DN
(P = 0.02). During the late hepatic arterial phase, the
perfusion curve in DN declined. DN had an iso-signal
intensity at the early hepatic arterial phase and a low
signal intensity at the portal venous phase. Of the 10
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early HCCs, 4 demonstrated less blood perfusion and
6 displayed minimally increased blood flow compared
to the surrounding parenchyma. Five HCCs showed
significantly increased blood supply compared to the
surrounding parenchyma (P = 0.02).

CONCLUSION: Non-invasive MR perfusion can detect
changes in blood supply of precancerous lesions.
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INTRODUCTION

The changes of blood flow in dysplastic and regenerative
nodules in patients with hepatic cirrhosis have been
evaluated in previous studies with computed tomography
(CT) arterial portography (CTAP) and CT hepatic
arteriography (CTHA) techniques[m]. It has been
demonstrated that during the late stage of hepatic
cirrhosis, sequential hemodynamic changes in blood
supply of dysplastic nodules lead to the development of
early hepatocellular carcinoma (HCC). The main portal
venous blood supply of these nodules gradually changes
into the hepatic arterial supply. However, invasive methods
require simultaneous catheterization of hepatic artery and
superior mesentery artery to inject contrast enhancement
substances. Because of their invasiveness, these methods
have limited clinical application. With the development
of techniques, especially the reduction of scanning time,
magnetic resonance imaging (MRI) following intravenous
injection of extracellular contrast agents has recently been
described and validated to assess perfusion parameters in
liver™™. With this method, the contrast agent in blood flow
of arterial and portal vein can be measured non-invasively.
The purpose of this study was to assess experimentally
whether MR perfusion can demonstrate the hemodynamic
changes of liver nodular lesions.
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MATERIALS AND METHODS

Animal model

The study protocol was reviewed and approved by the
Institutional Committee for Animal Care of Fudan
University. Experiments were performed on 18 6-wk
old male Wistar rats weighing 150 £ 10 g (Experimental
Animal Center of Fudan University, Shanghai, China). All
animals were housed in independent ventilating cabinets
(IVC) at 18-22°C with 55% humidity in a 12 h light/dark
cycle with free access to clean diet. Lesions in rats were
induced by diethylnitrosamine (DEN, 0.99 mg/mL, Sigma,
USA) in order to develop hepatocellular carcinoma during
carcinogenesis. The animals received DEN (10 mg/kg per
day) in drinking water at 0.01% g/L from a fresh DEN
solution prepared every two days for 100 d.

Magnetic resonance imaging

A 1.5 Tesla magnetic resonance (MR) system with a
40 mT/m maximum gradient capability (TwinSpeed,
Excite 1I, double gradient field, General Electric, USA)
and 3-inch surface coil was employed and two rats were
scanned every week from the 12th wk to the 20th wk
after they were exposed to carcinogen. The rats were
deeply anesthetized with a mixture of urethane (25%) and
diazepam (2 mg) before MR scanning. Plain scanning was
performed first in order to show the position of nodules,
including sequences of 3-planar-localization scanning, axial
and coronal T2 weighted scanning (T2WI), and axial T1
weighted (TTWI) scanning (in-phase and out-phase).

MR perfusion scanning was only performed on the
nodules of interest demonstrated by T2WI. Fast spoiled
gradient-echo sequence (FSPGR) was selected and
the time resolution was 4 sections/2 s. Major protocol
parameters included TR/TE: 5.8-8 ms/4-2.7 ms; band
width: 31.3-19.2 kHz; section thickness: 2 mm; intersection
gap: 0.5 mm; matrix: 128 X 128; excitation time: 1; FOV: 8.
The time of acquisition of perfusion-weighted images was
at the 8th phase after the starting point of tail vein bolus
injection of diluted gadolinium (0.1 mmol/mlL., Magnevist;
Schering, Guangzhou, China) (0.2 mmol/kg). The total

scaning time was 2 min.

Pathological analysis

Within 24 h after MR imaging, the rats were killed and
their liver was removed at autopsy. The whole liver was
serially sectioned into 1 mm-thick sections corresponding
to the coronal plane MR image. The sections were
fixed in a 10% formalin solution for 48 h and paraffin-
embedded. Standard hematoxylin-cosin staining was used
to assess the nature of nodules and immunohistochemical
staining was performed for reticulin protein, CD31, CD34
antibodies. Transmission electron microscopy was also
performed to study the ultrastructure of hepatic cancer
cells. Pathologic diagnosis was made by two specialists
independently and all nodules were defined grossly and
microscopically following the criteria and nomenclature of
the International Working Party on the Terminology of

Nodular Hepatocellular TLesions'.

Image evaluation
Data processing was performed at a workstation with
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PEI SD t P
RN 205.67 31.17 5.30 0.06
DN 161.94 20.74 3.64 0.02°
eHCC 226.09 34.83
HCC 491.86 44.61 3.74 0.02°
Parenchyma 204.84 70.19
P < 0.05.

AW 4.2 software package (General Electric, USA). Signal
intensity and time curves were derived from manually
drawing regions of interest (ROIs) on nodules and
surrounding hepatic parenchyma. Positive enhancement
integral (PEI) representing the blood perfusion could be
obtained by setting the start (8th) and end (12th) phases.
Values were expressed as mean * SD. Statistical analysis
was performed with SPSS 11.0. Perfusion data between
nodules and parenchyma nearby were compared with #
test. P < 0.05 was considered statistically significant.

RESULTS

A total of 46 nodules were located by MR imaging
and autopsy, including 22 dysplastic nodules (DN), 9
regenerative nodules (RN), 10 early HCCs and 5 overt
HCCs. Among the DN (2-7 mm, average 4.6 mm), 6
were low grade DN (LGDN) and 16 were high grade DN
(HGDN). The average positive enhancement integral (PEI)
of DN, early and overt HCCs was 205.67 = 31.17,161.94
+ 20.74,226.09 £ 34.83, 491.86 = 44.61 respectively,
and their adjacent liver parenchyma was 204.84 £ 70.19
(Table 1).

By comparing the blood perfusion index between
nodules and their surrounding hepatic parenchyma, we
found no difference in RN (# = -5.303, P = 0.06) showing
the same signal intensity as its adjacent parenchyma at
both hepatic artery phase and portal vein phase of MR
perfusion. There were significant differences in dysplastic
nodules (# = -3.63, P = 0.02) which manifested decreased
blood perfusion. At the later phase of hepatic artery,
the perfusion curve in DN declined when compared
with surrounding parenchyma. DN showed an iso-signal
intensity at hepatic artery phase and a low signal intensity
at portal vein phase (Figure 1).

Of the 10 early HCCs, 4 manifested low perfusion
and the average PEI value was smaller than that of
adjacent parenchyma, showing an iso-signal intensity at
the phase of artery and a low signal intensity at portal
vein phase. The PEI values were higher in 6 early HCCs
than in parenchyma nearby, which had a relatively higher
signal intensity at hepatic artery phase and a low signal
intensity at portal vein phase (Figure 2). Five overt HCCs
had a remarkably higher signal intensity at hepatic artery
phase and their perfusion curves ran up when compared
with the surrounding parenchyma at early artery phase.
The PEI value of HCC was much higher than that of
adjacent parenchyma and the difference was significant

(t=3.74, P = 0.02) (Figure 3).
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DISCUSSION

There is cumulative evidence that RN at the late stage
of hepatic cirrhosis can develop into HCC through an
intermediate step of DN which has been considered as
a precancerous lesion by the International Working Party
since 1995 even though the hepatocarcinogenesis
has not been clarified thoroughly. Early detection
of HCC is critical to patient treatment and survival
because of improved surgical techniques for resection
and transplantation and new alternative therapeutic
options, such as transcatheter chemoembolization or
radiofrequency ablation. For surveillance of patients at
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Figure 1 DN showing a high signal intensity on
T2, but noton T1 and PWI.
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Figure 2 Early HCC showing an iso-signal
intensity on T1, a high signal intensity on T2 or
on T2 coronal.

risk, accurate methods capable of revealing not only HCC
but also the premalignant precursor, namely DN, are
required.

The imaging characteristics of DN have been

. [10-12] . .

previously reported . However, the diagnosis of
precancerous lesions is still difficult because of the
ovetlapping between DN and RN, DN and eatly HCC on
ultrasound, CT and MRI. Meanwhile, some researchers
demonstrated that RN has almost the same blood flow
as liver, which is mainly supplied by portal vein, and
hepatic artery accounting for only a small part of total
blood flow"”. When RN progresses into DN, the blood
flow in most parts of DN decreases (mainly portal vein
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blood supply) compared with surrounding parenchyma,
and HCC always has increased blood flow (mainly hepatic
artery blood supply) than its adjacent parenchyma. Until
now this change has been regarded as the key-point
to differentiate the nodules in liver. CTAP and CTHA

are considered the best ways to make their differential
diagnosis. But the application is limited in clinical practice
due to their invasiveness. Non-invasive methods at
present mainly focus on multi-detector spiral CT, MRI,
PET and harmonic ultrasound"*"". To our knowledge,
hemodynamic changes in hepatic nodules studied with MR
perfusion have not been previously reported.

In the present study, MR perfusion demonstrated
hemodynamic changes during the transition of RN to DN,
eatly and overt HCC. The results obtained by ultra-fast MR
perfusion scanning are consistent with those by invasive
methods of CTAP or CTHA™. Moreover, hepatic artery
segment of the perfusion curve in nodules declined slightly
compared with surrounding parenchyma at the stage of
HGDN and early HCC, suggesting that the preexisting
hepatic artery is destructed in nodules. Otherwise, the
positive enhancement integral representing the total blood
flow would show polarization during this period. Part of
them presented as increased blood flow (6/10 in eatly
HCC; 5/16 in HGDN), but decreased blood flow was
also observed at the same time in others (4/10 in eatly
HCC; 11/16 in HGDN). The results of out pathology
showed that the blood vessels in DN (including HGDN
and LGDN) decreased compared with its surrounding
hepatic parenchyma, and an increased number of tumor
vessels were seen in HCC and even in early HCC.
However, sinusoidal capillarization inside the nodules
became gradually prominent during the process from RN,
LGDN to HGDN and finally to HCC. This discrepancy
cannot be cleatly explained at present. The explanation of
this phenomenon and the answer to its relationship with
the alteration of nodular characteristics, and whether it

Figure 3 HCC showing an iso/low-signal
intensity on T1WI, a hyper-intensity on T2.

corresponds with the different changes in tumor cells or in
microvessles, depend on further pathologic studies.

The main advantage of MR perfusion is that this
procedure provides ample information not only on the
hemodynamic changes of nodular lesions in liver, but also
on the parenchyma of the tumor. Therefore, this technique
may be more valuable for the differential diagnosis of
nodules in liver. The sequence we used in this study was
fast spin gradient echo (FSPGR) which is as fast as echo-
planar imaging (EPI). The ratio of time resolution was
0.5 s/section, but its signal-noise ratio (SNR) and spatial
resolution were much higher than those of EPI, suggesting
that this sequence is suitable for liver MR perfusion.

Nowadays, although CT petrfusion (CTP) and PET
are also used to study the hemodynamics, MR perfusion
shows more advantages when small nodular lesions in
liver and precancerous lesion of HCC are analyzed. It has
been reported that MRI is more sensitive than CT and
PET in revealing the small nodules in liver, especially in
the hepatic parenchyma with the background of serious
cirrhosis"™. Moreover, MR perfusion has no side effects
of radiation and has a better prospect than CT in study of
hemodynamics. However, both MR imaging and CT have
their technical defects at present. The scan of perfusion
could only focus on ROI of one or several sections and
could not cover the whole liver, while nodular lesions liver
are usually multiple and located in different lobes., thus
limiting its application in clinical practice. Newly developed
harmonic ultrasound showing the vascular structure
inside nodules more clearly, may have a broader prospect.
Reports on the application of this technique in liver are
few and further investigation is needed”".
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