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In acute hepatic failure auxiliary liver transplantation is an interesting alternative approach. The aim is to provide a temporary support until
the failing native liver has regenerated.1'3 The APOLT-method, the orthotopic implantation of auxiliary segments- averts most of the technical
problems. However this method necessitates extensive resections of both the native liver and the graft.4 In 1998, Erhard developed the
heterotopic auxiliary liver transplantation (HALT) utilizing portal vein arterialization (PVA) (Figure 1). This technique showed promising initial
clinical results.>® We developed a HALT-technique with flow-regulated PVA in the rat to examine the influence of flow-regulated PVA on graft
morphology and function (Figure 2).

A liver graft reduced to 30 % of its original size, was heterotopically implanted in the right renal region of the recipient after explantation of the
right kidney. The infra-hepatic caval vein of the graft was anastomosed with the infrahepatic caval vein of the recipient. The arterialization of the
donor’s portal vein was carried out via the recipient’s right renal artery with the stent technique. The blood-flow regulation of the arterialized portal
vein was achieved with the use of a stent with an internal diameter of 0.3 mm. The celiac trunk of the graft was end-to-side anastomosed with
the recipient’s a}orta and the bile duct was implanted into the duodenum. A subtotal resection of the native liver was performed to induce acute
hepatic failure.

In this manner 112 transplantations were performed. The perioperative survival rate was 90% and the 6-week survival rate was 80%. Six weeks
after operation, the native liver regenerated, showing an increase in weight from 2.3+0.8 g to 9.8+1 g. At this time, the graft's weight decreased
from 3.340.8 g t0 2.3+0.8 g.

We were able to obtain promising long-term results in terms of graft morphology and function. HALT with flow-regulated PVA reliably bridges
acute hepatic failure until the native liver regenerates.

Video Link

The video component of this article can be found at https://www.jove.com/video/51115/

Introduction

Acute hepatic failure poses a severe problem in clinical medicine leading to a mortality rate of 60-80 %.% In acute hepatic failure, auxiliary

liver transplantation is a promising alternative therapy to bridge the acute phase. The native liver is left to regenerate and following to the
regeneration the immunosuppression drugs can be discontinued. As a consequence the graft will become atrophic. However the operative
technique for auxiliary liver transplantation is still discussed."® In this context, Terpstra reported the lack of space for the graft, the portal blood
steal phenomenon and the problem of venous congestion and drainage.g'm The donor’s portal vein was anastomosed end-to-side to the
recipient’s portal vein. This resulted in portal flow competition between the graft and the native liver and in portal vein thrombosis. Most of those
technical problems can be avoided with the use of the APOLT-method }orthotopic implantation of auxiliary segments).4 However this method
necessitates extensive resections of both the native liver and the graft.” In 1998, Erhard and his team developed the heterotopic auxiliary liver
transplantation (HALT) utilizing portal vein arterialization (PVA) (Figure 1). The hilum and the portal vein of the native liver are respected with
the use of this method. That spares the recipient from unwanted side-effects such as portal vein thrombosis and portal blood steal phenomenon,
which could disturb native liver recovery. Additionally, no extensive liver resections of the native liver and graft are required for this method,
with consequently less bleeding and more remaining total liver parenchymal mass for bridging (graft) and regeneration (native liver). This
technique showed promising initial clinical results.>® The goal of this experimental work was the development of a HALT technique with portal
vein arterialization in the rat for research purposes (Figure 2). In the preliminary experiments we didn’t take into consideration the blood flow
regulation of the arterialized portal vein, which resulted in congestion of the transplanted graft after reperfusion and massive bleeding from the
liver capsule.11 Since then the blood flow in the arterialized portal vein was regulated by a stent with an inner diameter of 0.3 mm and a length
of 8 mm. Pilot experiments had shown that a stent diameter of 0.3 mm yields an average blood flow in the arterialized portal vein that is within
the upper physiological range (1.7 +/- 0.4 ml/min/g liver weight).12 Our results without blood flow regulation correlate with the results of Hong,
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who performed HALT with PVA via the iliac artery of the recipient.13 In his experiments without blood flow regulation massive portal and sinusoid
congestions occurred.

The aim of our video is to demonstrate step by step this ne.w experimental surgical technique in the rat. In the long term the proposed technique
can be used in studies on liver regeneration and inter-liver competition and portal vein arterialization, portal vein hyperperfusion and portal blood
flow regulation.

1. Experimental Animals

3.

Obtain a Local Ethics Committee approval for all experiments which will be performed, in accordance with the animal protection FELASA
guidelines (K 40, 17/99).

Use male Lewis rats available to purchase from any commercial breeder (e.g., Charles River Wiga GmbH, Sulzfeld, Germany). Here, 224
animals (112 donors, 112 recipients) were used to perform 112 transplantations. The recipients were sacrificed at 6 weeks postoperatively. At
the time of operation, the animals should weigh 250-350 g.

Keep the animals in climate-controlled rooms with free access to food and water.

2. Anesthesia and Operative Preparation

PoN

5.
6

Place the rat in a plexiglas box connected to the anesthesia machine with an oxygen flow rate of 1 L/min, and an isofluorane vaporizer with 5
% anesthetic gas to induce anesthesia. Maintain anesthesia at 1.5 % isofluorane.

Place the rats in supine position on a warming plate.

Remove the fur of the abdomen with a depilation cream.

Prepare a sterile surgical field as following: Use a disinfectant to clean the benchtop. For the disinfection of the incision site use Chlorhexidine
first, alcohol second and, finally, a scrub solution (e.g., Chlorhexidine and 70% isopropyl alcohol). Wear a disposable surgical gown and
surgical gloves.

Use sterile microsurgery instruments.

Use an operation microscope in 12-20-fold magnification.

3. Surgical Procedure

1.

2.

Donor operation
Preparation

1. Perform a median laparotomy and resect the left lateral lobe and the median lobe of the graft as described by Higgins.14

2. Then prepare the hepatoduodenal ligament. First ligate the bile duct in order to induce congestion and dilation of the small bile duct.
Then ligate and transect the gastroduodenal vein and artery. Afterwards, isolate the celiac trunk and the common hepatic artery and
transect the left gastric artery and the splenic artery. Incise the congested bile duct, and introduce a 20-G stent into it. The positioning
of the stent must ensure the drainage of the entire hilar bile duct system. Transect the bile duct distally to the stent.

3. Isolate the infrahepatic segment of the caval vein right above the right renal vein.
Perfusion

4. After ligation of the aorta above the celiac trunk, clamp the portal vein and incise it. Introduce the perfusion catheter (14 G) into the
portal vein, and perform the perfusion with 30 ml of histidine-tryptophan-ketoglutarate (HTK)-solution (12 cm H20, 4°C).

5. Cut the diaphragm and the suprahepatic caval vein to allow the perfusate to flow out.

6. Excise the celiac trunk along with an aortic patch and rinse it with histidine-tryptophan-ketoglutarate solution.
Explantation

7. Transect the infrahepatic caval vein right above the right renal vein.

8. Then, place a stent with a diameter of 0.3 mm in the portal vein and fix it with a ligature. During the following operation, the portal vein
is arterialized via the right renal artery. Transect the portal vein distally to the stent.

9. After ligation of the suprahepatic caval vein, transect it together with a cuff of diaphragm.

10. Explant the graft and store it in histidine-tryptophan-ketoglutarate (HTK)-solution at 4 ° Celsius in a plastic bag on ice. Place corner
sutures (8-0 Ethilon) in the infrahepatic caval vein.

Recipient operation

1. Perform a median laparotomy and prepare the infrahepatic caval vein. Then isolate the right renal artery and the ureter, ligate the
ureter and transect it. Clamp the right renal artery at its origin, then ligate the right renal vein. Then after transection of both renal
vessels, perform the nephrectomy. Subsequently, shorten the right renal artery, rinse it with heparin saline solution (40 Ul heparin/ml
saline solution).

2. Transect the right renal vein proximally to the ligature after proximal and distal clamping of the infrahepatic caval vein to create an oval
lumen in the infrahepatic caval vein. Rinse the caval vein with heparin saline solution. Implant the graft in the right renal region of the
recipient’'s abdomen.

3. Anastomose the donor’s infrahepatic caval vein end-to-side to the recipient’s caval vein with a 8-0 Ethilon running suture.

4. After rinsing with heparin/saline solution, introduce the stent in the portal vein into the right renal artery (Figure 3). Connect the portal
vein and renal artery with 2 stitches (8-0 Ethilon). Fix the linking stent in the renal artery with a ligature (braided silk black 7-0).

5. To allow reperfusion, first remove the arterial clamp, then both venous clamps (Figure 4).

6. Prepare the infrarenal aorta, then place a proximal and distal microclamp and incise the aorta right between both clamps. Perform an
end-to-side anastomosis between the aorta and the donor’s celiac trunk, using an aortic patch, with a 10-0 Ethilon running suture.
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7. Insert the bile duct into the duodenum: Apply a pursestring suture in the duodenal wall, make a small incision in the duodenal wall right
in the middle of the pursestring. Introduce the stented bile duct into the duodenum, and tighten the pursestring suture. Finally, hold the
duodenum and the bile duct tightly together with two stitches (Ethilon 8-0) (Figure 5).

8. Then perform a subtotal resection of the native liver, first described by Emond et al. to mimic acute hepatic failure.”

9. Fix the suprahepatic caval vein of the graft, together with a cuff of diaphragm, to the lateral abdominal wall of the recipient with 4-0
Vicryl suture. Rinse the abdomen with saline solution (Figure 6).

10. For the muscular layer use a 4-0 Vicryl running suture and for the cutaneous a 3-0 Vicryl running suture.

4. Recovery and Postoperative Management

1. Let the animals recover from anesthesia under an infrared warming lamp.
2. Inject Buprenorphine at a dose of 0.03-0.05 mg/kg B.W. sc every 8-12 hr for 2 days.
3. Examine the animals concerning the general condition and signs of iliness or infections.

5. Calculation of the Initial Native Liver Weight

Calculate the initial native liver weight in the following manner: subtract the weight of the resected liver lobes from the complete liver weight
(2.66% of body weight (this value with a standard deviation of +/- 0.49% was determined in previous experiments with n=80 animals of the same
strain and age)).15

Representative Results

The mean duration of the transplantation was about 150 min. The cold ischemia time was 64 +/- 7 min, the warm ischemia time was less than 25
min.

The perioperative survival rate was 90% and the 6-week survival rate was 80%. The 20 % loss was due to peritonitis because of stent dislocation
and biliary leakage (four animals) during the first postoperative week and due to pneumonia, intra-abdominal abscess and ileus (seven animals)
during the following five weeks. The surviving animals were in excellent general condition.

The parameters of liver-synthesis (Quick’s value: 110 +/- 7.8 %, AT lll: 104 +/- 6 %) were within the normal range six weeks after operation.

At this time point, the native liver had regenerated, showing an increase in weight from 2.3+0.8 g to 9.8+1 g (P: 0.0065). The graft's weight
decreased from 3.310.8 g to 2.3+0.8 g (P: 0.06). The total weight of both livers was within the physiological ratio of liver weight/body weight
(Figure 7).

In the histological stain of the grafts with Hematoxylin-Eosin at 6 weeks after HALT, regular hepatocytes were observed with neither edema nor
fatty degeneration (Figure 8). All grafts showed slight proliferation of bile ductuli and cholangitis due to sludge formation (Figure 8). Low-grade
intra-parenchymatous hepatocellular necroses could be observed in only two grafts. After six weeks the histology of the native liver revealed no
alterations.
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1: native liver

2: graft

3: portal vein

4: aorta

5: iliac artery bifurcation
interposition graft

6: hepatic artery

7: bile duct

8: duodenum

Figure 1. Schematic presentation of the heterotopic auxiliary liver transplantation (HALT) with portal vein arterialization (PVA) in
human. The portal vein (3) is arterialized via an iliac artery bifurcation interposition graft (5) which is also the vessel feeder of the hepatic artery

(6).
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Figure 2. Schematic presentation of the heterotopic auxiliary liver transplantation (HALT) with portal vein arterialization (PVA) in the
rat. The portal vein (a) is arterialized via the right renal artery (e) by a stent.

Portal vein arterialization

: 1cm

Figure 3. Portal vein arterialization during HALT with PVA in the rat. (A) The stent in the portal vein is introduced in the right renal artery. (B)
The portal vein and the right renal artery are connected with two sutures. Please click here to view a larger version of this figure.
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Figure 4. Situs after graft reperfusion via the arterialized portal vein in the rat. Please click here to view a larger version of this figure.
Please click here to view a larger version of this figure.

Choledocho-
duodenostomy

B ¥ % ag 4
Figure 5. Choledocho-duodenostomy during HALT in the rat. Please click here to view a larger version of this figure.
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Figure 6. Situs after HALT with PVA in the rat. Please click her:e to view a larger version of this ﬁgure.
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Figure 7. Graphic presentation of the liver weight (gr) of native liver, graft and total liver, at time point of operation and after six weeks.
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1: central vein
2: bile duct

Figure 8. Histological section of the graft after six weeks, stained with Hematoxylin-Eosin (HE) (magnification x100 (A) and x400 (B)).
Please click here to view a larger version of this figure.

The first heterotopic auxiliary rat liver transplantation was described by Lee et al.,'® in 1966 followed by Hess." The portal vein of the graft was
anastomosed with the portal vein of the recipient. During this procedure, the portal venous blood supply to the native liver is compromised.

In 1991 Hong performed HALT with PVA via the iliac artery of the recipient.13 Without blood flow regulation massive portal and sinusoid
congestions occurred.

Furthermore Aguirrezabalaga et al., performed HALT with PVA, nevertheless without paying the necessary attention to the blood flow regulation
in the arterialized portal vein.'®

The use of a stent having an inner diameter of 0.3 mm and a length of 8 mm yields an average portal blood flow after reperfusion of the
arterialized portal vein that is within the upper physiological range.

The biliary drainage is the Achilles heel of liver transplantation. The recipient animals are in danger to die due to biliary leakage and peritonitis.
For this purpose we used a stent to perform the choledocho-duodenostomy. Additionally we applied a pursestring suture with a pair of additional
sutures to avoid leakage and disconnection. Consequently, the biliary complications were reduced to 4 %.

In this current study, a subtotal resection of the native liver was performed to induce acute liver failure. This technique was first described by
Emond, it is standardized and shows no side effects on other organ systems or on the graﬂ.7

In 2002, Palmes published the APOLT technique in the rat with a survival rate of 70-80 %, the animals were sacrificed after two weeks."® In this
model the left lobe of the graft was transplanted after resection of the left lobe of the native liver. The graft’s portal vein was anastomosed end-
to-end to the left segmental portal vein of the recipient, thus resulting in surgical difficulty to perform the operation, since the lumen of the vessels
becomes very small.

Unlike orthotopic liver transplantation, during heterotopic liver transplantation there is no anhepatic phase. The anastomoses can be performed
without any time-pressure. Moreover, in the heterotopic position, there is no interference by the moving diaphragm. Furthermore, the recipient’s
portal vein is not clamped, thereby avoiding venous congestion of the small intestine, spleen, pancreas and stomach.

We obtained good long-term results concerning graft microcirculation, morphology and function.?’ HALT with flow regulated PVA can reliably
bridge an acute liver failure phase while the native liver regenerates. 15

HALT with flow regulated PVA is an innovative technique, relatively easy to establish. This model enables future studies on liver regeneration and
inter-liver competition and portal vein arterialization, portal vein hyperperfusion and portal blood flow regulation.zo'
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