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Abstract

Background: A focal reaction of the liver is radiologically seen after stereotactic high dose radiotherapy of liver tumors. The
histological counterpart of this reaction should be clarified using an animal model.

Materials and Methods: Six New Zealand white rabbits were positioned on a special stereotactic set-up. Parts of the liver
(1.5—-8 ml) were irradiated with either 20—24 Gy/80% (n =3) or 36 Gy/80% (n =3). The animals were followed by CT
examination up to 2 years after radiotherapy. Finally, the animals were sacrificed and the liver macroscopically and
microscopically inspected. Results: No focal reaction could be observed in any liver at any time by CT examination. The
liver macroscopically and microscopically showed no changes 6 months or 2 years after radiotherapy.

Conclusion: Up to a single dose of 36 Gy/80%, rabbits seem to show no focal tissue reaction after high dose radiation

therapy of small parts of the liver.

Introduction

Radiation treatment of the liver can lead to radiation
induced liver disease (RILD). RILD is clinically
defined as weight gain, increased abdominal girth,
ascites and a substantial rise in alkaline phosphatase
[1]. The incidence of RILD is dependent on the
dose and the volume of the irradiated liver. Recent
series showed that irradiation of small volumes of the
liver with a single high dose or using a hypofractio-
nated focused approach does not lead to RILD if
enough liver volume can be spared from irradiation
[2—-5]. However, a focal radiologic reaction can be
observed in areas, which were irradiated with doses
above 1 x 14 Gy single dose [2] or 3 x10 Gy [3] in
patients treated in stereotactic treatment protocols.
The histological counterpart to these radiological
tissue reactions is not exactly known. Knowlegde of
the histopathological counterpart might help to
define limits of volume and dose in the use of
stereotactic radiation therapy of liver malignancies.
An animal model using stereotactic high dose

irradiation of parts of the liver in rabbits should
clarify the histological patterns.

Materials and methods

Six New Zealand white rabbits received a stereo-
tactic irradiation of parts of their liver. The initial
weight was median 4.8 kg (range 3.9-5.8 kg). All
animals were held under standardized conditions at
the research animal facility at the German Cancer
Research Center. For treatment and follow-up, the
rabbits were anaesthetized by intramuscular injec-
tion of Xyloacin (4 mg/kg body weight) and Ketanest
(50 mg/kg body weight). All rabbits received and in-
travenous entry in the lateral ear vein for fluid sub-
stitution, further anesthetic drug application and
contrast medium injection. The animals received
100% oxygen during examinations and treatment.
All animal experiments were approved by the
responsible governmental institution (Regierung-
spriasidium Karlsruhe AZ 35-918581/97/99).
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Treatment Planning and Trearment

A special set-up system was developed for stereo-
tactic irradiation of the rabbits (See Figure 1). The
system contained of a wooden base plate which
could be mounted to the regular stereotactic head
system (Leibinger, Freiburg, Germany). The rab-
bits were positioned on the left body side and
abdominal breathing was reduced by an abdomi-
nal belt.

A Siemens Somatom plus4 CT scanner was used
for CT examinations. CT examinations always con-
tained a unenhanced series, an enhanced series
30 seconds after the begin of contrast agent admin-
istration and a late study (3 minutes after contrast
i.v.). Six to eight ml contrast agent (Ultravist 300,
Schering, Berlin, Germany) were given by manual
injection in approximate 10 seconds for the aquisi-
tion of contrast enhanced images. The CT was
performed as a spiral CT with a slice thickness of
2 mm after reconstruction.

For treatment, the data of the enhanced series
were immediately sent to a treatment planning
station and the rabbit remained in the stereotactic
set-up under anesthesia.

The treatment planning program STP Version
4.0 (Stryker- Leibinger, Freiburg, Germany) was
used for stereotactic treatment planning. The liver
was completely segmented and a target point was
determined. The median volume of the liver was
59 mls (range: 45-100 mls). Treatment was per-
formed by a coplanar arc radiation using a round
collimator (8 mm, 11 mm, or 14 mm) on a 6 MV
linear accelerator (Siemens; Germany). The vo-
lume that was covered by the prescription isodose
(80%) ranged between 2% and 9% of the liver

volume (median 4.7%). The absolute volume
ranged between 1.5 and 8 ml (median 5 ml). The
animals were divided in a “low dose” group
(prescription dose of 24—28 Gy/80% isodose) and
a “high dose” group (prescription gose of 36 Gy/
80% isodose).

Follow-up

Follow-up examinations were performed 1 month,
2 months and 6 months after treatment for all
animals. Three rabbits were also examined 3 months
after radiotherapy (2 “high dose, 1 “low-dose”). One
animal of each dosage group was also examined 1
year and 2 years after irradiation. Follow-up exam-
ination included a CT scan under the same condi-
tions as the treatment planning.

After the last follow-up examination, the animals
were sacrificed, the liver was removed and sliced.
Based on the treatment planning documentation,
the volume of irradiation was identified, macrosco-
pically inspected and samples of the high-dose
region (>80% isodose) and untreated liver regions
(<10% of the applied dose) were collected in
formalin and Carnoy fluid.

The liver samples were embedded in paraffin.
Slices were microscopically examined by an experi-
enced pathologist (HJG) after staining with Heama-
toxylin and Eosin (HE-staining).

Results

All animals showed a normal behavior after irradia-
tion. The initial weight remained stable (<10%
changes) during the whole follow-up period.

Figure 1. Rabbit in stereotactic set-up up. Abdominal breathing is reduced by an abdominal compression.



CT data

No changes of the high dose irradiated liver parts
could be observed by CT examination. The par-
enchyma of the whole liver showed a homogenous
density in the unenhanced, the enhanced and the
late contrast enhanced CT studies in every follow up
examination and in every dose group. The vessel
architecture of the liver was clearly identified. (see
Figure 2).

Macroscopic and microscopic examination

No macroscopic and microscopic changes of the
treated liver parts could be observed. Microscopi-
cally, liver of the high dose region did not show any
changes of the normal portal liver architecture or
congestion of the sinusoids.

Discussion

Recent publications showed that stereotactic radio-
therapy of liver tumors can safely and successfully be
performed [3—5]. No radiation induced liver disease
occurs if enough liver is spared from radiation.
However, an asymptomatic focal liver reaction could
be seen in all patients [2,3].

This pattern of liver reaction is also described after
fractionated radiotherapy [6—8] and has been de-
scribed in a patient showing radiation induced liver
disease (RILD) after a single dose radiation treat-
ment [9]. Ingold et al. first described the clinical
picture of RILD in 1965 [10]. The mortality of
RILD is approximately 10-20% [1]. The pathophy-
siological counterpart is the picture of veno-occlu-
sive disease (VOD). Reed and Cox were the first
characterizing the histological changes of RILD as
marked congestion, which involve mainly the central
portion of each lobule with atrophy of the inner liver
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plates [11]. The wall of the small veins reveal a large
number of fine reticulin fibers that crisscross the
lumen of the vein and the adjacent afferent sinusoids
[12]. Chronic radiation liver damage is characterized
by a distortion of the liver architecture: variable
distances between central veins and portal areas,
fibrosis of the central veins and concentric fibrosis of
portal spaces [13]. It is not clear, if the focal reaction
after stereotactic radiotherapy is a focal veno-occlu-
sive disease. However, no focal tissue reaction could
be observed by CT scanning in the rabbit animal
model. Also, none of histological pattern of veno-
occlusive disease could be detected in any of the
irradiated animals.

In humans, this radiological reaction is first seen
median 1.8 months after radiotherapy and decreases
in volume thereafter [2].

The radiological reaction occurs after a single dose
greater than 14 Gy in the human liver. We applied
up to 45 Gy to the isocenter of a 11 mm round
collimator in a rabbit liver. Meaning, a volume of
20 ml received more than 14 Gy, 8,5 ml more than
20 Gy and 5,5ml more than 30 Gy in a single
fraction. However, we could not see any radiological
tissue reaction. It is possible that normal tissues in
rabbits are much less radiosensitive than in humans.
On the other hand, there are several reports of
successfully using rabbits to test radiation effects on
other organs than the liver within the known dose
limits [14,15].

It is unlikely, that the reason of not detecting is
based on a insufficient scanning technique. We
examined the rabbits using a contrast enhanced
CT with a contrast bolus injection resulting in a
sharply contrasted images of the liver with clearly
demarcated liver veins as it is usually seen in
unaffected parts of human livers after radiotherapy.
It might be possible, that we timely missed the focal

Figure 2. Treatment plan for a stereotactic liver irradiation (left): The inner circle corresponds to the 80% isodose (36 Gy), the following
circles correspond to the 70%, 60%, 60%, 50%, 40%, 30% and 20% isodose lines. Right: CT examination 2 months after irradiation: no

radiological reaction is visible.
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reaction during our follow up examinations. We
examined the liver 1 month, 2 months and 6 months
after radiotherapy. The reaction showed up in hu-
man liver median after 1.8 months after radiotherapy
with a broad range of 1.2 to 4.6 months. It decreases
in size, thereafter, but is seen over a period of several
months [2]. If the reaction appears later in rabbits
compared to the human liver or completely disap-
pears earlier, we missed the correct time for the
examination. On the other hand, 3 rabbits were also
examined 3 months after radiotherapy without
showing any tissue reaction on CT.

The irradiated volume might have been to small to
see radiological changes. The volume that was
covered by the prescription isodose ranged between
2 and 9% of the whole liver volume. However, the
normal liver volume (including the tumor) that is
covered by the prescription isodose is below 10% of
the liver volume in humans in most cases and the
radiological radiation reaction occurs at much lower
dose levels.

The rabbits were moved within the complete
stereotactic set-up from the CT scanner to the linac.
The correctness of the target point was visually
confirmed and no target point imaging were per-
formed. Therefore, it cannot be guaranteed that we
missed the target due to movement of the rabbit. On
the other hand, due to the belly belt, the rabbits were
fixed in their position and a large wheel pushing
trolly enabled a smooth transport to the linac.
Therefore it is unlikely, that the target significantly
shifted. The abdomial compression belt should help
to fix the rabbit and limit the liver movement.
However, we do not know to which extent the
moving was reduced, so the dose might be smeared
around the target point.

Cromheecke et al. macroscopically described a
change in tissue color 3 months after intraoperative
irradiation of liver with electrons (up to 30 Gy) in
dogs. Histologically, they described a thickening of
the capsula and minor signs of veno-occlusive
disease. The signs were more pronounced dependent
on the dose. A significant focal fibrosis was visible
1 year after irradiation [16,17]. No imaging studies
were undertaken with these dogs. Other groups
could not see any signs of veno occlusive disease in
rats after doses of up to 40 Gy [18-20]. Again, no
imaging studies were done.

It remains speculative, what kind of pathological
changes are responsible for the focal liver reaction
after high dose stereotactic radiotherapy. It is most
likely a focal veno-occlusive disease based on the
case report by Willemart et al. [9]

In conclusion, rabbits do not show a focal tissue
reaction after high dose radiation therapy of small
liver volumes. Therefore, the rabbit as used in this

study is not a suitable animal model for examination
of radiation effects in the liver.
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