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ORIGINAL ARTICLE

Arterialisation of the portal vein as a model
for the induction of hepatic fibrosis:
description of microsurgical models

in the rat

Abstract Within the framework of
liver transplantation, arterialisation
of the portal vein in the case of non-
recanalisable thrombosis has been
reactivated. However, one of the
consequences of this vascular
reconstruction is the development of
hepatic fibrosis. Clinical experience
has shown that the development of
fibrosis can be avoided by reducing
portal inflow. We present, as a
model for the induction of hepatic
fibrosis, techniques of PVA, includ-
ing transplantation. For PVA, sev-
eral different techniques were used:
the first with reduction of the portal
inflow over a stent inserted in the
right renal artery (PVA-B), the sec-
ond with unrestricted flow using an
aortic-portal segment (PVA-APS).
The third technique was orthotopic
liver transplantation with unre-
stricted portal arterialisation
(OLTx-APS). Portal blood flow was
measured with an ultrasonic flow
probe. To determine the degree of
hepatic fibrosis the amount of
hydroxyproline was measured.
Quantification of relative transcript
levels of procollagen 1 was effected
with real-time PCR using the Tag-
Man technology on a lightcycler
instrument. The extracellular matrix
was visualised with picro-sirius
staining. Measurements with the
ultrasonic probe showed a signifi-
cant increase in flow rates, both with
reduced (PVA-B) and unrestricted
inflow (PVA-APS; OLTx-APS). The

lowest survival rate (58%) was
found in the group with unrestricted
portal inflow. The reason for this
was a high rate of thrombosis in the
in the portal vascular tree (4 out of
12). In the OLTx-APS group four
animals died within the first 3 post-
operative days (69%), as a result of
protracted postoperative shock. The
overall survival rate was the highest
(85%) in the group undergoing PVA
with reduction of the portal inflow.
PVA with unrestricted inflow was
followed by a significant increase in
extracellular collagen, which showed
a clear correlation with the increase
in the amount of hydroxyproline,
the level of the mRNA for procol-
lagen I and picro-sirius staining.
With the operative PVA techniques
presented herein, different arterial
flow rates in the portal vein can be
investigated. In our opinion these
techniques represent an excellent
animal model for studying the gen-
esis of fibrosis and antifibrotic sub-
stances. By regulating the blood flow
in the arterialised portal vein hepatic
fibrosis can be reduced or even
avoided. After a brief period of
learning the microsurgical tech-
niques, the surgeon can limit
clamping times and achieve good
results with these techniques.

Keywords Hepatic fibrosis * Portal
vein arterialisation - Unrestricted
and reduced portal flow - Liver
transplantation
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Abbreviations AS: Aortic segment - APS: Aortic-portal
segment - ECM: Extracellular matrix - HYP: Hydroxy-
proline - IHVC: Infrahepatic vena cava -

OLTx-APS: Orthotopic liver transplantation with
unrestricted portal arterialisation - PBF: Portal blood
flow - PV: Portal vein - PVA: Portal vein

arterialisation - PVA-APS: Portal vein arterialisation
with unrestricted flow via an aortic-portal segment -
PV A-B: Portal vein arterialisation with reduction of flow
(“banding”™) - SHVC: Suprahepatic vena cava

introduction

A therapeutic option for dealing with a non-recanali-
sable thrombosis of the portal vein during the course
of liver transplantation is the arterialisation of the
portal vein [1, 2, 3, 4, 5]. The effects of this unphys-
iological vascular reconstruction on the function and
morphology of the graft are not yet known in ade-
quate detail [6]. Reported consequences of PVA are
the development of vascular ectasis with thrombosis in
the PV, right heart decompensation and hepatic
fibrosis. More recent clinical experience shows that a
reduction in portal inflow can avoid these undesired
effects [7, 8]. To investigate the mechanisms involved,
we recommend having a microsurgical animal model
available. Various procedures for inducing hepatic
fibrosis have been reported. Via ligation or division of
the common bile duct, secondary biliary cirrhosis can
be induced [9]. Occlusion of the bile duct system by a
retrograde injection of sodium amidotrizoate (Ethib-
loc; Ethicon, Germany), induces the same effect of
progressive portal fibrosis [10, 11]. A further proce-
dure that has been reported is the administration of
tetrachlorides or dimethylnitrosamines [12]. In recent
years, progress has been made in clarifying the
molecular and cellular processes leading to fibrosis [13,
14]. Currently, no rational treatment of the imbalance
between fibrinolysis and fibrogenesis is available. The
in vivo model could be used for evaluating substances
with antifibrotic potential, such as silymarin, or for
investigating the genesis of hepatic fibrosis [15, 16].
The above-mentioned procedures are of only limited
value in this respect, since they induce fibrosis through
the action of free radicals or necrosis. In our opinion,
PVA is a model for hepatic fibrosis that could replace
or supplement previous methods. Numerous micro-
surgical techniques with which to accomplish arterial-
isation of the rat portal vein have been proposed [17,
18, 19, 20]. All stem from the era of shunt surgery,
and all are associated with a high rate of thrombosis
[21, 22]. This prompted modifications to the tech-
niques in an attempt to simplify and standardise them.
For PVA with reduced portal flow, a Teflon catheter
was used. PVA with undiminished inflow was carried

out with the aid of an interposed aortic-portal seg-
ment. The technique of orthotopic liver transplanta-
tion using microsurgical suturing is a widely accepted
technique [23, 24, 25]. Here, too, modification may
enable PVA to investigate the changes to the graft [26,
27]. The aim of our study is to describe in detail
various operative techniques of portal vein arteriali-
sation after creating a portacaval shunt, and during
orthotopic liver transplantation.

Material and methods

A total of 38 operations using various techniques of
portal vein arterialisation were carried out. The ani-
mals used were male Lewis inbred rats (LEW/CrlBR;
MHC Haplotype RT1). At the start of the procedure,
the rats weighed 260-280 g. Postoperatively, the ani-
mals were kept in individual Macrolon cages and had
unrestricted access to water and pelleted feed (Stan-
dard Diet, Rats and Mice 1324, Altromin, Lage).
Ambient temperature was kept constant at 21°C, and
humidity at 60%, with al2-h light/dark cycle. As an
optical aid, we used a fine-focussing operating mictro-
scope with a magnification of x8 to x32 (Operating
Microscope 7, Zeiss, Munich). All operations were
performed using microsurgical instruments (Aesculap,
Tuttlingen) under sterile conditions. The animals re-
ceived pre-medication consisting of 0.1 mg/kg bupr-
enorphine (Temgesic; Essex Pharma) via s.c. injection.
All operations were done under general anaesthesia
with 1.0~1.5% isoflurane (Forene: Abbot) applied with
the aid of a closed-circuit anaesthesia vaporiser (Vol-
ker; Kaltenkirchen, Germany). For maintaining
anaesthesia, an isoflorane/oxygen mixture was applied
via a head chamber at a dose of 1.0-1.5%. For
postoperative treatment of pain, the animals routinely
received 0.1 mg/kg buprenorphine Temgesic; (Abbot)
s.c. at 12-h intervals for 3 days. This study was ap-
proved by the animal ethics committee of the gov-
ernment of Bavaria, Munich.

Four operative procedures were carried out and de-
scribed below: (1) Control group (n=10); (2) arteriali-
sation of the portal vein with reduced inflow
(“banding”) (n=13) PVA-B; (3) arterialisation of the
portal vein with unrestricted inflow (n=12), PVA-APS;
(4) orthotopic liver transplantation with unrestricted
portal arterialisation via an aortic-portal segment
(n=12), OLTx-APS.

Operations

Control group: Via a laparotomy, the liver was freed
from its supporting ligaments and mobilised. After
160 min, the abdomen was closed in layers.
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Creation of the portacaval shunt: As the necessary
first step in the arterialisation of the portal vein,
portal flow was first shunted to the vena cava. This
end-to-side anastomosis was done using the technique
described [21, 28]. The abdomen was opened by a
longitudinal caudo-cranial incision carried to the
xiphoid. After exposing the infrahepatic vena cava, the
portal vein was mobilised to the entry of the splenic
vein. To accomplish this, the gastroduodenal vein has
to be divided. The vena cava was then partially
clamped at the level of the renal vein using a Satinsky
microclamp. When doing this, an adequate venous
return to the right heart must be ensured. The vessel
was then opened by a longitudinal 4-mm incision, and
two holding sutures were placed (8/0; Nylon DR,
Serag-Wiessner, Naila). After clamping the portal vein
at the level of the splenic vein, the superior mesenteric
artery was clamped to minimise venous congestion in
the splanchnic bed. After dividing the portal vein at
the takeoff point of the gastroduodenal vein, the
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Fig. 1 Creation the portacaval shunt

holding sutures were used to create an anastomosis
with continuous suture. The anastomosis was cleared
of air by opening the Biemer clamp on the portal vein
and the superior mesenteric artery, and the venous
blood flow into the vena cava released, whereupon the
livid blue discoloration of the bowel spontaneously
changed and pulsation of the mesenteric vessels was
seen (Fig. 1).

Remarks

For the construction of the portacaval shunt it is
important to expose as long a segment of the portal
vein as possible. After clamping the portal vein, it
must be divided at the level of the takeoff point of the
gastroduodenal vein to obtain an adequately long
vascular stump, both for portacaval anastomosis and
to ensure a sufficiently long stump in the hilus. The
clamping time of the portal vein should not exceed
15 min.
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Fig. 2 Portal vein arterialisation with reduction of flow (‘band-
ing”); (PVA-B)
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PVA with reduction of the flow (“banding™)
(PVA-B) (n=13)

In a first step, the right renal artery was dissected free.
To accomplish this, the takeoff point of the suprarenal
artery had to be divided. Thereafter, the right renal vein
and right urethra were divided between ligatures, and
the kidney excised. The long mobilised right renal artery
was put under tension and a Biemer clamp was placed at
the point of exit of the artery from the abdominal aorta.
After making a V-shaped incision in the vessel, an
approximately 8-mm long Teflon-coated splint (Vasofix
Brauniile, 1.0 mm/20 G, OD Braun, Melsungen) was
inserted into the lumen of the vessel and secured with a
ligature. With the aid of two microforceps, the stump of
the portal vein in the hilus was then drawn over the
splint and secured with a ligature. The arterial flow to
the portal vein was then released by removing the Bi-
emer clamp. Prior to closing the abdominal wall in
layers, the portal blood flow (PBF) was measured. The
average overall duration of the procedure was
160+21 min (Fig. 2).

Arterialisation of the portal vein with unrestricted
flow (PVA-APS) (n=13)

PVA with undiminished blood flow was effected by
interposing an aortic-portal segment (APS) between the
portal vein and the infra-renal abdominal aorta. The
first step towards accomplishing this was, after first
ligating all the tributaries, removing from a donor
animal the segment of aorta extending from the iliac
bifurcation to the point of its passage through the
diaphragm. After performing a longitudinal laparot-
omy, a portacaval shunt was created as described
above. The caudal end of the aortic segment was then
anastomosed, end-to-end, with the portal vein stump in
the hilus. For this purposes, two holding sutures were
placed. With the upper holding suture, the posterior
and ventral walls were then anastomosed using a con-
tinuous suture (8/0; Nylon; DR6; Seralon). On com-
pletion of this anastomosis, the infrarenal abdominal
aorta was then freed by blunt dissection and clamped
with two Biemer clips. After washing out the clamped
aorta, an approximately 4 mm-long incision was made
in the aortic wall, and a Biemer vascular clip placed in
about the middle of the APS and put under tension.
Suturing was begun at the caudal end of the incision
with the placement of a holding suture. The posterior
wall was then sutured from the inside, followed by the
anterior wall from the outside using an everting con-
tinuous suture (8/0; Nylon; DR6; Seralon). Beginning
caudally, the clips were removed to permit arterial
portal perfusion of the liver. Finally, the portal blood
flow (PBF) was measured with the aid of an ultrasonic

probe. The average time for the operative procedure
was 160+25 min (Fig. 3).

Remarks

Most problems seen with this PVA variant are experi-
enced with the construction of the anastomoses. Here, in
particular the posterior wall of the vessel must be fully
exposed. This is necessary to ensure that suturing does
not result in constriction or leakage. The end-to-side
APS anastomosis should be primarily leak-free, since
any further clamping and the use of a new suture are
associated with the risk of suture-related constriction
and secondary thrombosis of the aortic segment.

Orthotopic liver transplantation with unrestricted
portal arterialisation via an aortic-portal segment (APS)
n=12)

Orthotopic liver transplantation with PVA was devel-
oped on the basis of a previously described microsurgi-
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Fig. 3 Portal vein arterialisation with unrestricted flow via an
aortic-portal segment (PVA-APS)
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cal technique [23]. This technique was modified by re-
arterialisation of the graft using a hepatico-aortic seg-
ment [29]. Portal arterialisation of the liver graft was
effected using this hepatico-aortic segment [27]. With
this operative technique, all anastomoses are carried out
using microsurgical suturing methods. The bile duct was
reconstructed over a stent [30].

Removal of the donor liver

After removing the liver from its ligamentous structures
and dissecting free the coeliac trunk and abdominal
aorta, it was perfused with Ringer’s lactate solution via
the aorta. Thereafter, under cold perfusion, the cranial
end of the prepared aortic segment was anastomosed
end-to-end with the portal vein stump (8/0; Nylon; DR6;
Seralon). The graft was then finally completely removed
from the donor and stored at 4°C until used.

Transplantation

In contrast to the donor procedure, the abdomen of
the recipient was opened with a transverse laparotomy
in order to optimally expose the upper abdomen to
facilitate suturing of the suprahepatic vena cava
(SHVC). After creating the portacaval shunt, hepa-
tectomy was then performed. This was carried out
after placing a mosquito clamp on the infrahepatic
vena cava (IHVC), and a modified Satinsky clamp on
the suprahepatic vena cava (SHVC). The placement of
these two clamps marks the start of vena cava clamp
time. The success of the transplantation was decisively
dependent on the duration of clamping, which should
not exceed 25 min. During this clamping phase, gen-
eral anaesthesia was stopped, and the animal was
ventilated with oxygen alone. The venous return to the
heart then had to be rapidly re-established by anas-
tomosing the SHVC and THVC, since portal connec-
tion to the transplant had not jet been established.
The APS was therefore rapidly anastomosed, end-to-
side, to the infrarenal aorta (8/0; Nylon; DR6; Ser-
alon) to secure reperfusion of the graft. After opening
the Biemer clamps on the aorta, arterial portal and
arterial reperfusion of the graft occurred via the APS.
On reperfusion, the graft showed a rapid homoge-
neous change in colour to bright red. As the final step
of the transplantation, the recipient bile duct was
pulled over the splint already in position in the donor
bile duct, and adapted using a ligature. Thereafter, the
abdomen was irrigated twice with warm saline solu-
tion and closed in layers (3/0 Dexon, Braun, Mels-
ungen). The average duration of the operation was
159 £12 min. No postoperative antibiotic cover was
applied (Fig. 4).

Remarks

Rapid suturing of the suprahepatic vena cava is a
prerequisite for keeping the vena cava clamp time as
short as possible. Good exposure of the upper abdo-
men via a transverse laparotomy with maximal cranial
retraction of the abdominal wall is helpful here.
During hepatectomy, a portion of the diaphragm is
included in the bite of the Satinsky clamp. In this
manner, a maximum length of vessel stump is ob-
tained for the SHVC suture. Vena cava clamp time
must not exceed 25 min.

Measurement of portal venous blood inflow (PBF)

After completion of the anastomoses measurement of
portal venous blood inflow was carried out with an
ultrasonic probe. Saline solution was used as the
immersion solution. The probe (1.5RB129, Transonic
Systems, Ithaca, N.Y., USA) comprises two ultrasonic
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Fig. 4 Overview of the completed vascular anastomoses after
OLTx with PVA, showing the aortic-portal segment (OLTx-APS)
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Fig. 5 Schematic representation of the ultrasonic probe and
measuring method

transducers and an acoustic reflector. For the measure-
ment, the two transducers are placed on one side of the
vessel being investigated, and the reflector on the
opposite side between the two transducers. Ultrasonic
signals are transmitted and received alternately by the
transducers after crossing the vessel upstream and
downstream of the blood flow. The flowmeter (T209
dual channel flowmeter, Transonic Systems) computes
the exact time needed for an ultrasonic signal to pass
from one transducer via the reflector to the other
transducer. On the basis of the difference between the
upstream and downstream signal run times, the flow-
meter calculates the blood flow in the vessel in ml/min
(Fig. 5).

Ultrasonic Doppler examination visualisation of the
arterialised portal vein

Before Kkilling the animals on the 84™ postoperative
day, a Doppler ultrasonographic examination of the
arterialised portal vein was performed. This study was
done using a device manufactured by GE Vingmed
Ultrasound A/S/Norway and a 5 MHz pacdiatric
transducer. For this purpose, the transducer was direc-
ted towards the liver hilus. In the so-called M-mode, the
arterial flow profile was then determined. The evaluation
was strictly qualitative.

Hydroxyproline determination in liver tissue
To determine the collagen content, the concentration of
hydroxyproline was quantified by calorimetric methods

using the analysis methods as described [31, 32]. The
concentration of hydroxyproline was recorded in pg/meg.

Table 1 Real-time RT-PCR systems

RNA preparation, reverse transcription
and real-time polymerase chain reaction

Snap-frozen rat liver tissue was pulverised in liquid
nitrogen and homogenised in RNA Pure (PeqLab, Er-
langen, Germany), and total RNA was isolated in
accordance with the manufacturer’s recommendations.
Reverse transcription of 1 pg of each total RNA to
complementary DNA (¢cDNA) was performed in 20 pl
reactions with superscript RTII reverse transcriptase
(Gibco BRL). Quantification of relative transcript levels
of procollagen 1 and the housekeeping gene f-2 mi-
croglobulin in the ¢cDNA samples was performed by
real-time quantitative PCR using the TagMan technol-
ogy (PE-Biosystems, Foster City, Calif.,, USA) on a
LightCycler instrument (Roche, Mannheim, Germany).
Primer and probes were synthesised at MWG Biotech
AG (Ebersberg, Germany). Real-time PCR was per-
formed using the LightCycler FastStart DNA Master
Hybridization Probe Kit (Roche Molecular Biochemi-
cals, Mannheim, Germany). Generally, PCR samples
were amplified with an initial Tag DNA polymerase
activation step at 95°C for 10 min, followed by 45 cycles
of denaturation at 95°C for 20 s, annealing.at 60°C for
15 s and extension at 72°C for 6 s. For analysis, the
proportional second derivative maximum option of the
LightCycler software (version 3.5) and a standard curve
generated by parallel amplification of 1:2 to 1:32 serial
dilutions of pooled cDNA from the control group were
used. To normalise variations in reverse transcription
efficacy, transcript levels of the housekeeping gene f2-
microglobulin were determined, and procollagen I
transcript levels were expressed as the ratio of procol-
lagen I to B2-microglobulin mRNA (Table 1).

Histology: picro-sirius staining

On the 28" and 84™ days, biopsies were obtained from
the liver, fixed in 4% formalin and embedded in paraffin.
Staining with picro-sirius red stain was applied to rep-
resent the collagen content of the tissue [33]. For this
purpose, the sections were deparaffinised and hydrated
in a decreasing series of alcohols ending in distilled
water. They were then placed in Weigert’s haematoxylin
for 10 min and washed three times in distilled water.
Thereafter, they were placed in 10 ml aqueous Sirius

5’-Primer 5-FAM and 3-TAMRA labelled probe  3’-Primer
Procoll. «1(I) TCCGGCTCCTG TTCITGGCCATGCGTCAGGAGGG GTATGCAGCTGACT
CTCCTCTTA TCAGGGATGT

f2-Microglob.
GAGTTAA

CCGATGTATATGCTTGCA AACCGTCACCTGGGACCG
AGACATGTA

CAGATGATTCAGAGCTCCATAGA
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Red solution (Waldeck Division Chroma, Miinster,
Germany) and in 90 ml saturated aqueous picric acid
solution. All sections were examine with bright light
optics using a Zeiss photomicroscope.

Statistical analysis

The statistical analysis was done with the SPSS Pro-
gramme (Version 11). With approximately normal dis-
tribution, the results were presented as means =+
standard error of the mean (SEM). In the case of pre-
sumed non-normal distribution, or in the event of small
numbers of cases, the medians and interquartile ranges
(IQR) have been given. Inferential statistics between
factors were assessed using ANOVA models or, in the
case of non-normal variables, the Kruskal-Wallis test.
Post hoc t-test using adjustment for multiple testing was
performed for bivariate comparison. Statistical signifi-
cance was assumed at a P value of less than 0.05.

Results
Survival rates/premature deaths

For the analysis of survival rates and premature deaths,
all operated animals were considered, including those in
which fatal intra-operative complications (circulatory
collapse, haemorrhage, air embolism or thrombosis)
occurred. The observation period was 84 days.

Control group (n=10)

All animals of the control group survived the observa-
tion period.

PVA with reduction of the inflow (“banding’)
(PVA-B) (n=13)

Here, one animal that had experienced an anaesthetic
incident died on the 28" postoperative day, and another

Table 2 Survival rate, time and cause of death

animal died on the 56™ postoperative day, the autopsy
showed an extensive abscess in the abdominal cavity. In
this group the survival rate was 85%.

PVA with unrestricted inflow (n=13)
(PVA-APS)

In this group, PVA via an interposed aortic segment was
performed in 13 cases. Of these, one animal each died
prematurely on the 5%, 6'%, 8% and 16™ postoperative
day. In each of these animals, the autopsy showed
thrombosis of the APS and the portal vascular tree.
Another animal died on the 66™ postoperative day, but
the cause of death could not be established with cer-
tainty. Overall, 4 of the 12 animals developed a throm-
bosis of the portal venous bed; in this group, the survival
rate was 58%.

Orthotopic liver transplantation with unrestricted
PVA via an APS (n=12)

Overall, a total of four animals died of cardiovascular
failure during the observation period, two of them
within 12 h after the operation. Here the vena-caval
clamp time was more than 25 min for the first opera-
tions in the group. Two more animals died on the 2™
and 3™ postoperative days. The reason for these pre-
mature deaths was progressive liver failure consequently
from insufficient perfusion of the graft. At the end of the
surgical phase no more fatal complication were ob-
served, so that in this group a learning curve effect can
be surmised. As 4 out of 12 animals died, the survival
rate was 69% (Table 2; Fig. 6).

Measurement of portal venous blood inflow (PBF)

The flow was measured before closing the abdominal
wall and after intravenous injection of 2-3 ml saline
solution. In the intact portal vein, a flow of 16 ml/
min+6.1 (mean + SD) was measured. Measurements
done after PVA with reduced and unrestricted blood

Group Survival Dead animals Time of death Cause of death/autopsy
rate (%) (n) (days post-op) findings
Control 100 0/10/
PVA-B 85 2/13 28, 56 1x Anaesthetic event
1x Thrombosis of PV
PVA-APS 58 5/13 5, 6,8, 16, 66 4x Thrombosis of PV and AS
1x n.d.
OLTx-APS 69 4/12 1,1,2,3 2x Cardiovascular failure post-op

2x Primary non-functional graft
with necroses in the graft
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flow showed significantly increased values. Statistical
significance was also found between the PVA-B and
PVA-APS group (Fig. 7).

Ultrasonic Doppler examination at the end of the
observation period

In the groups in which experimental arterialisation was
effected via the aortic segment (PVA-APS and LTx-
APS), all surviving animals had a positive Doppler
demonstration of arterial blood flow before being

Fig. 7 Portal venous blood
flow (PBF) graph: box plot;

time (days post-op)

killed. In the group with reduced blood flow, no arte-
rial signal was detectable in the portal vein of 2 out of
13 (18%) animals, and these were excluded from
further analysis.

Hydroxyproline
Hydroxyproline is a product of the hydroxylation of the
amino acid proline. The collagen content in the ECM

can be measured by determining hydroxyproline. At the
start of the experiment, the average hydroxyproline

p< 0.05

Mann—Whitney U-test; portal 160+
vein (control) vs PVA-B; l———viﬁ—j
P=0.001; portal vein vs
PVA-APS ; P=0.001; PVA-B 1304 —T
vs PVA-APS; P=0.001.
Statistical significance was
assumed at P<0.05 1004
p< 3.05
704 n.s.
l l —_
401 |:|
RN —
I
E
E 20
N= 10 10 10 10
porto-caval shunt  portal vein PVA-B PVA- APS
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Fig. 8 Concentration of 1000+ T —l
hydroxyproline in liver tissue p<0.05
on day 84. Kruskal Wallis test;
Dunn’s method: control vs T
PVB-APS: P=0.001; control 800+
vs LTx-APS: P=0.001; control
vs PVA-B: n.s.; PVA vs
PVA-APS /LTx-APS: n.s. I J l
6004 p< 0.05
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concentration was 2294 33.5 pg/100g liver dry weight
(mean + SD). Up until the 28" postoperative day after
PVA, a clear increase was recorded. After 84 days, this
development was even more pronounced. This increase
was significant in the two groups with unrestricted
portal flow (PVA-APS; OLTx-APS), but not in the
groups with reduced flow (PVA-B) (Fig. 8).

Rat liver procollagen I mRNA transcript levels

The control group and the groups undergoing PVA and
LTx with unrestricted portal inflow were analysed at the
end of the observation period. In the former group a
significant up-regulation of procollagen 1 transcript

levels by fivefold to sixfold was seen. The increase in
liver collagen was paralleled by a significant up-regula-
tion of procollagen I mRNA, which encodes the major
collagen type in fibrosis (Fig. 9).

Histology: picro-sirius red stain

In the tissue specimen obtained 84 days after PVA with
no portal flow reduction, this stain showed marked
periportal fibrosis with incipient septal formation and
low-grade perivascular and interstitial fibrosis. Also
diagnosed was a severe obliterative vasculopathy of the
portal vein accompanied by intimal fibrosis and nar-
rowing of the lumen (Figs. 10 and 11)

Fig. 9 Procollagen I mRNA 8 p<0.08
transcript levels on day 84. |
Control vs OLTx-APS: j
P=0.001 —_—
6
4
2
S —
4]
N= 10 10

control PVA- LTx
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Fig. 10 Picro-sirius red staining; 84 days after PVA with reduction
of blood flow (PVA-B). Mild periportal and perivascular fibrosis.
The periportal vessels showed normal wall architecture
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Fig. 11 Picro-sirius red staining; 84 days after PVA without
reduction of blood flow (PVA-APS). Marked periportal fibrosis
with incipient formation of septa. Obliterative vasculopathy of the
portal vein with fibrosis of the intima and narrowing of the lumen

Discussion

The technique of PVA has been re-activated for liver
transplantation [2, 4, 5, 34, 35]. The basis for the present
study was our own experience with PVA during clinical
liver transplantation and arterialisation of the liver in
the pig and rat model [4, 6, 27]. Clinical experience and
findings indicate that structural changes in the graft

occur as a result of “over-arterialisation” of the graft. As
one of the long-term sequelae of PVA with unrestricted
inflow in the PV, the development of a fibrosis has been
reported [8, 36, 37]. The purpose of reducing the portal
inflow is to avoid the development of hepatic fibrosis [7].
To investigate these mechanisms, the microsurgical
animal models described were developed. By varying
portal inflow different situations can be simulated.
Various microsurgical techniques have been proposed
for arterialisation of the portal vein [17, 18, 19, 20, 28].
With the aim of standardising the procedure and
achieving different portal inflow rates, operative tech-
niques are now presented. To simplify the PVA with
reduced inflow a Teflon stent was placed in the renal
artery after excision of the right kidney. This technique
involving the placement of a splint in the portal vein was
successfully used for arterial revascularisation in an
auxiliary liver transplantation model [38]. An additional
advantage of this technique is that it enables stan-
dardisation of the portal inflow. The associated throm-
bosis rate was 12% after the observation period, and the
reported thrombosis rate of the portal vein was about 20
to 30% [21, 22]. For the technique of PVA with unre-
stricted inflow, an aortic segment obtained from the
donor animal was used in analogy to the technique de-
scribed in liver transplantation. In this group, an
appreciably reduced survival rate (58%) was observed.
In 4 out of 5 animals autopsy showed thrombosis of the
portal vein system. This phenomenon is known from the
clinical setting, where ectasis with multiple thromboses
has been found in the arterialised portal vein system [6].
The same problem was thus also found in our micro-
surgical rat model as a consequence of unrestricted
portal venous inflow.

Orthotopic liver transplantation in the rat has already
been reported [39, 40, 41, 42]. The technique with arte-
rialisation of the PV via an AS is based on that described
by Engemann [26]. Here the re-arterialisation of the
graft is accomplished with the aid of an AS. The cranial
end of this AS was anastomosed end-to-end with the PV.
The PV was thus arterialised with unrestricted inflow. In
comparison with conventional technique, this procedure
has two peculiarities. With the conventional technique
the clamp time of the SHVC, IHVC and the PV before
resection of the liver up to the release of the SHVC and
portal vein is referred to as the anhepatic phase. All
authors consider the duration of this phase to be critical
for the survival of the recipient animal. The reported
duration for survival ranges widely between 11 and
30 min [26, 39, 43, 44, 45]. In the case of OLTx with
PVA, hepatectomy is followed by the suturing first of
the SHVC and then the IHVC. Thus the clamp time of
the vena cava corresponds to the anhepatic phase. In our
own experience this time was an average 2142 min. It
became shorter during the course of the study, pre-
sumably as a result of the learning curve. The long-term
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survival of the recipient animal was achieved with a
clamp time of less than 25 min in all cases [46].

The second peculiarity of this technique is that rep-
erfusion of the graft is first achieved when the end-to-
side anastomosis between the aortic segment and the
infrarenal abdominal aorta the graft is established. An
ischaemia/reperfusion injury might be considered the
cause of early graft failure. Overall, a survival rate of
69% was achieved, which was lower than the average
value reported following the conventional technique in
rats [30, 42, 43, 45]. The portal blood flow was deter-
mined by measurements with an acoustic reflector. In
this way, a significantly increased flow in comparison
with a normally perfused PV was seen both after PVA
with unrestricied flow and PVA with flow reduction.
This means that two techniques producing different flow
rates are available. The objective of the described
microsurgical models in the rat was to induce hepatic
fibrosis. To prove induction of hepatic fibrosis, various
components of the ECM were determined. Extracellular
matrix components in the liver comprise types I-VII
collagens and elastin, with the collagens forming the
major portion of the matrix. Hydroxyproline is a post-
translational product of the hydroxylation of the amino
acid proline, and occurs in all the various types of col-
lagen. This means that the collagen content of liver tis-
sue can be estimated by determining the concentration
of HYP [47, 48]. A significant increase in HYP was
observed both after PVA with unrestricted inflow and in
the group undergoing liver transplantation. In the group

undergoing PVA with inflow reduction an increase was
also observed, but was not significant.

One of the main extracellular matrix components of
fibrotic liver is the expression level of procollagen 1
mRNA [49]. In hepatic fibrosis of the liver, the mRNA
level of procollagen 1 is a powerful parameter [50].
Here, PVA with unrestricted inflow has been associated
with a significant five to sixfold up-regulation of pro-
collagen I mRNA, an effect that has also been observed
in rat liver with biliary cirrhosis [50, 51]. The increase in
liver collagen is paralleled by a significant up-regulation
of procollagen I mRNA, which encodes the major
collagen type in fibrosis. The development of periportal
and perivascular fibrosis, have also been demonstrable
by the picro-sirius stain. Therefore we conclude that:
firstly, PVA with unrestricted portal inflow, a discernible
change in the ECM, together with an increase in the
collagens and up-regulation of procollagen I mRNA
occurs; secondly, these effects were not observable to the
same extent when portal blood flow was reduced;
thirdly, the validity of the microsurgery models with
various portal inflow is proven and can enable investi-
gations of the genesis and treatment of hepatic fibrosis.
Aided by the detailed description, and the -analysis of
possible sources of error provided, it should be possible
for a microsurgeon to learn the surgical technique pre-
sented herein, rapidly and easily.

Acknowledgements This study was supported by the ELAN
Foundation of the University of Erlangen-Nuremberg

References

1. Erhard J, Lange R, Giebler R, Rauen 5.

Aspinall RJ, Seery JP, Taylor-Robon-

9. Milani S, Herbst H, Schuppan D, Stein

U, de Groot H, Eigler FW. Arterial-
ization of the portal vein in orthotopic
and auxiliary liver transplantation.
Transplantation 1995; 60:877.

. Erhard J. Comments on “Arterializa-
tion of the portal vein in orthotopicand
auxiliary liver transplantation” (reply).
Transplantation 1996; 62:1376.

. Erhard J, Lange R, Rauen U, et al.
Auxiliary liver transplantation with ar-
terialization of the portal vein for acute
hepatic failure. Transpl Int 1998;
11:266.

. Ott R, Béhner K, Miiller S, et al. Out-
come of patients with pre-existing por-
tal vein thrombosis undergoing
arterialization of the portal vein during
liver transplantation. Trans Int 2003;
16:15.

son SD, Habib N. Comments on
“Arterialization of the portal vein in
orthotopic and auxiliary liver trans-
plantation”. Transplantation 1996;
62:1375.

. Ott R, Schuppan D, Tannapfel A, et al.

Portal vein arterialisation as a technical
option in liver transplantation: impact
on function, regeneration, and mor-
phology of the liver following hemi-
hepatectomy in pigs. Liver Int 2003;
23:54.

. Settmacher U, Stange B, Schaser KD,

et al. Primary permanent arterialization
of the portal vein in liver transplanta-
tion. Transpl Int 2003; 16:430.

. Stange B, Glanemann M, Niissler NC,

Bechstein WO, Neuhaus P, Settmacher
U. Indication, Technique and Outcome
of portal vein Aterialization in ortho-
topic liver transplantation. Transplan-
tation Proceedings 2001; 33:1414.

10.

1.

H, Surrenti C. Transforming growth
factors beta 1 and beta 2 are differen-
tially expressed in fibrotic liver disease.
Am J Pathol 1991, 139:1221.

Boigk G, Stroedter L, Herbst H,
Waldschmidt J, Riecken EO, Schuppan
D. Silymarin retards collagen accumu-
lation in early and advanced biliary
fibrosis secondary to complete bile duct
obliteration in rats. Hepatology 1997;
26:643.

Gerling B, Becker M, Waldschmidt J,
Rehmann M, Schuppan D. Elevated
serum aminoterminal procollagen type-
I1I-peptide parallels collagen accumu-
lation in rats with secondary biliary
fibrosis. J Hepatol 1996, 25:79.



833

12.

13.

14.

15.

16.

17.

19.

20.

21

22.

23.

24.

25.

Brenner DA, Veloz L, Jaenisch R, Al-
corn JM. Stimulation of the collagen
alpha 1 endogenous gene and transgene
in carbon tetrachloride-induced liver
fibrosis. Hepatology 1993; 17:287.
Friedmann SL. Seminars of medicine of
the Beth Israel Hospital, Boston. The
cellular basis of hepatic fibrosis. Mech-
anisms and treatment strategies. N Engl
J Med 1993; 328:1828.

Schuppan D, Koda M, Bauer M, Hahn
EG. Fibrosis of liver, pancreas and
intestine: common mechanismus and
clear targets? Acta Gastroenterol Belg
2000; 63:366.

Schuppan D, Strobel D, Hahn EG.
Hepatic Fibrosis-Therapeutic Strate-
gies. Digestion 1998; 59:385.

Li D, Friedmann SL. Liver fibrogenesis
and the role of hepatic stellate cells: new
insights and prospects for therapy. J
Gastroenterol Hepatol 1999; 14:618.
Griin M, Brolsch CE, Wolter J. Influ-
ence of portal hepatic blood flow on
RES function. In: Liehr H, Griin M
(eds): The Reticuloendothelial System
and the Pathogenesis of liver Disease
1980; Amsterdam, Elsevier/North Hol-
land: 149.

. de Hemptinne B. Acute effects of por-

tacaval shunt and arterialisation on rat
hepatic regeneration. EURSBM 1980;
12 (Supp! 1): 3.

Hirner A, Haring R. Experimental liver
arterialisation following portacaval
shunt-rehabilitation. Chirurg 1981;
52:389.

Lecompte Y, Franco D, Martin ED,
Bismuth H. Liver arterialization with
portacaval shunt in the cirrhotic rat.
Surgery 1974; 75:161.

Holmin T, Buchholtz B, Flati G, Ivan-
cev K, Teuscher J. A simplified method
for total arterialization of the liver in
rats. Microsurgery 1983; 4:57.
Vassanelli P, Marchetto R, Marini P,
Fiore D. Liver revascularization with
the left gastric artery following porto-
caval shunt in rats: technique and pre-
liminary results. Microsurgery 1984;
5:119.

Lee S, Charters AC, Chandler JG, Orl-
off MJ. A technique for orthotopic liver
transplantation in the rat. Transplanta-
tion 1973; 16:664.

Kamada N, Calne RY A surgical
experience with five hundred thirty liver
transplantants in the rat. Surgery 1983;
93:64.

Stettaf A, Gugenheim J, Houssin D,
Bismuth H. Cuff technique for ortho-
topic liver transplantation in the rat. A
simplified method for the suprahepatic
vena cava. Transplantation 1986;
42:330.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Engemann R. Technique for orthotopic
rat liver transplantation. In: Thiede A,
Deltz F, Engemann R, Hamelmann H,
eds. Microsurgical models in rats for
transplantation research 1985, Heidel-
berg, Springer: 69.

Miiller V, Ott R, Tannapfel A, Hohen-
berger W, Reck T. Arterialisation of the
portal vein in liver transplantation: A
new microsurgical model in the rat.
Transplantation 2001; 71:977.

Lee S, Fisher B, Porto-caval shunt in
the rat. Surgery 1961; 50:668.
Engemann R, Ulrichs K, Thiede A,
Miiller-Ruchhotz W, Hamelmann H.
Value of a physiological liver transplant
model in rats. Induction of specific graft
tolerance in a fully allogenic stain
combination. Transplantation 1982;
33:566.

Zimmermann FA, Butcher GW, Davies
HS, Brons B, Kamada N, Tirel O.
Techniques for orthotopic liver trans-
plantation in the rat and some studies of
the immunologic responses to fully
allogeneic liver grafts. Transplant Proc
1979; 11:571.

Siddiqi NJ, Al-fafari AA, Alhomida
AS. Investigation of total, free, peptide-
bound, Protein bound, solubile and in-
solubile collagen hydroxyproline con-
tent in tissues from the Arabian came.l
Cell Biochem Funct 2000; 18:243.
Reddy GK, Enwemeka CS. A simplified
method for the analysis of hydroxy-
proline in biological fluids. Clinical
chemistry; 1996; 29:225.

Junqueira LC, Bibnolas G, Brentani
RR. Picrosirius staining plus polariza-
tion microscopy, a specific method for
collagen detection in tissue sections.
Histochem J 1979; 11:447.

Charco R, Margarit C, Lopez-Travera
JC, et al. Outcome and Hepatic Hemo-
dynamics in Liver Transplant Patients
with Portal Vein Arterialisation. Amer-
ican Journal of Transplantation 2001;
1:146.

Troisi R, Kerremans I, Mortier E,
Defreyne L, Hesse UJ, de Hemptinne B.
Arterialization of the portal vein in
pediatric liver transplantation. Transpl
Int 1998; 11:147.

Asakawa H, Kasai S, Mito M. Flow
and pressure-adapted portal arterial-
ization in dogs. Jpn J Surg 1985; 15:291.
Panis Y, McCullan DM, Emond JC.
Progressive necrosis after hepatectomy
and the pathophysiology of liver failure
after massive resection. Surgery 1997;
121:142.

Schleimer K, Lange R, Rauen U, Er-
hard J. Auxiliary liver transplantation
in acute liver failure in the rat-an illus-
trated description of a new surgical ap-
proach. Langenbecks Arch Surg 1999;
384:204.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51,

Hanisch E, Lemperle S, Jakobi R, We-
ber T, Heller K, Herrmann G. Ortho-
topic liver transplantation with arterial
re-anastomosis in the rat. A detailed
description of technique and analysis of
possible errors. Langenbecks Arch Chir
1993; 378:73.

Gao W, Lemaster JJ, Thurman RG.
Development of a new method for he-
patic rearterialisation in rat liver trans-
plantation. Reduction of liver injury
and improvement of surgical outcome
by arterialization. Transplantation
1993; 56:19.

Howden B, Jablonski P, Grossman H,
Marshall VC. The importance of the
hepatic artery in rat liver transplanta-
tion. Transplantation 1989; 7:428.
Zhao D, Wheatley AM. Orthotopic li-
ver transplantation in the rat: compari-
son of models with and without
rearterialization of the graft, Eur Surg
Res 1993; 25:294.

Kamada N, Calne RY. Orthotopic liver
transplantation in the rat. Technique
using cuff for portal vein anastomosis
and biliary drainage Transplantation
1979; 28:47.

Steffen R, Ferguson DM, Krom RAF.
A new method for orthotopic rat liver
transplantation with arterial cuff anas-
tomosis to the recipient common hepa-
tic artery. Transplantation 1989; 48:166.
Lie TS, Hansen HH, Niehaus KJ. Be-
deutung der Arterialisation des Trans-
plantates bei
Rattenlebertransplantationen. Langen-
becks Arch Chir 1983; 359:133.
Delriviere L, Gibbs P, Kobayashi E,
Goto S, Kamada N, Gianello P. Tech-
nical details for safer venous and biliary
anastomoses for liver transplantation in
the rat. Microsurgery 1998; 18:12.
Olaso E, Friedman SL. Molecular reg-
ulation of hepatic fibrogenesis. J Hepa-
tol 1998; 29:836.

Li D, Friedmann SL. Liver fibrogenesis
and the role of hepatic stellate cells: new
insights. and prospects for therapy. J
Gastroenterol Hepatol 1999; 14:618.
Milani S, Herbst H, Schuppan D, Stein
H, Surrenti C. Transforming growth
factors beta 1 and beta 2 are differen-
tially expressed in fibrotic liver disease.
Am J Pathol 1991; 139:1221.

Jia JD, Bauer M, Sedlaczek N, et al.
Modulation of collagen XVIII/endost-
atin expression in lobular and biiary rat
liver fibrogenesis. J Hepatol 2001;
35:386.

Raetsch C, Jia JD, Boigk G, et al.
Pentoxifylline downreglates profibro-
genic cytokines and procollagen I
expression in rat secondary biliary
fibrosis. Gut 2002; 50:241.



