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Abstract

AIM: To evaluate the results of hepatic resection with
ex-situ hypothermic perfusion and without veno-venous
bypass.

METHODS: In 3 patients with liver tumor, the degree
of the inferior vena cava and/or main hepatic vein
involvement was verified when the liver was dissoci-
ated in the operation. It was impossible to resect the
tumors by the routine hepatectomy, so the patients
underwent ex-situ liver surgery, vein cava replacement
and hepatic autotransplantation without veno-venous
bypass. All surgical procedures were carried out or su-
pervised by a senior surgeon. A retrospective analysis
was performed for the prospectively collected data
from patients with liver tumor undergoing ex-situ liver
surgery, vein cava replacement and hepatic autotrans-
plantation without veno-venous bypass. We also com-
pared our data with the 9 cases of Pichlmayr’s group.
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RESULTS: Three patients with liver tumor were ana-
lysed. The first case was a 60-year-old female with a
huge haemangioma located in S1, S4, S5, S6, S7 and
S8 of liver; the second was a 64-year-old man with
cholangiocarcinoma in S1, S2, S3 and S4 and the third
one was a 55-year-old man with a huge cholangiocar-
cinoma in S1, S5, S7 and S8. The operation time for
the three patients were 6.6, 6.4 and 7.3 h, respec-
tively. The anhepatic phases were 3.8, 2.8 and 4.0 h.
The volume of blood loss during operation were 1200,
3100, 2000 mL in the three patients, respectively. The
survival periods without recurrence were 22 and 17 mo
in the first two cases. As for the third case complicated
with postoperative hepatic vein outflow obstruction,
emergency hepatic vein outflow extending operation
and assistant living donor liver transplantation were
performed the next day, and finally died of liver and
renal failure on the third day. Operation time (6.7 £ 0.47
h vs 13.7 £ 2.6 h) and anhepatic phase (3.5 £ 0.64 h
vs 5.7 £ 1.7 h) were compared between Pichlmayr’s
group and our series (P = 0.78).

CONCLUSION: Ex-situ liver resection and liver auto-
transplantation has shown a potential for treatment of
complicated hepatic neoplasms that are unresectable
by traditional procedures.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

In 1988, ex vivo liver resection and liver autotransplanta-
tion were pioneered by Pichlmayr ez al, who tried to
open a new platform for unresectable hepatobiliary ma-
lignancies and explore new modalities for liver surgery.
In 1990, the whole liver was explanted and then perfused
with cold preservation solution. The hepatic resection
was petformed on the back table and the remnant liver
was reimplanted orthotopically. The aim of the extracot-
poreal hypothermic parenchymal resection was to extend
oncological radicality by achieving an RO margin with a
better tumor-free cutting edge. But ex-sizu liver surgery
with veno-venous bypass aggravated ischemia-reperfu-
sion injury of liver and resulted in the liver failure, which
is the most common reason for the operation abortion.
Subsequently, Hannoun ¢ a/” and Sauvanet e al” en-
deavored to improve the ex-situ technique. However, it
is still difficult to avoid the ischemia-reperfusion injury
and liver failure. To tesolve this problem, we performed
ex-situ liver surgery without veno-venous bypass in three
patients with tumors involving inferior vena cava (IVC)
based on the animal experiments. We introduce our ex-
perience in this operation as follows.

MATERIALS AND METHODS

Patients

From December 1999 to December 2008, a total of 1700
patients with hepatic tumors underwent routine hepatec-
tomy at our hepatobiliary department. The extent of IVC
and/or main hepatic vein (MHYV) involved by the tumors
was assessed by preoperative radiographic inspection.
However, the degree of the tumor-involved IVC and/or
main hepatic vein could not be confirmed by the preop-
erative inspection in three patients. Finally, it was verified
when the liver was dissociated during the operation. The
tumors were unresectable by the routine hepatectomy, so
we performed ex-sitn liver surgery, vein cava replacement
and hepatic autotransplantation without veno-venous
bypass. All surgical procedures were carried out or super-
vised by a senior surgeon (Dong JH). Patients’ conditions
are summarized in Table 1. There were two males and
one female, with a mean age of 60 years (range, 55-65
years). Two patients suffered from chloangiocarcinoma
and the other one from hemangioma.

Preoperative assessment

All patients were examined with computed tomography
(CT) as indicated to exclude extrahepatic malignant dis-
ease of the abdomen, pelvis or chest. The location of
the tumor and extent of involvement of intrahepatic
vessel and IVC (Table 1) were assessed before surgery
with CT (Figure 1A) and magnetic resonance imaging
(Figure 1B). Cardiovascular, renal and pulmonary fitness
for surgery was evaluated with an exercise electrocardio-
gram, chest radiography, and pulmonary function testing
in all patients.
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No. Sex Age Disease S‘egments d.il;m:;r Vessgls involved

(yr) involved or infiltrated
(cm)

1 Female 60 Hemangioma 1,4,5,6,7, 20 IVC (circum 190°,
8 length 5 cm)

2 Male 64 Cholangiocar- 1,2,3,4 6  IVC (circum 80°,
cinoma length 3 cm)

3 Male 55 Cholangiocar- 1,5,7,8 5 IVC (circum 60°,
cinoma length 2 cm)

RHV, MHV, RPV

IVC: Inferior vena cava; RHV: Right hepatic vein; MHV: Main hepatic vein;
RPV: Right portal vein; Circum: Circumference.

Anesthetic management

This type of sutrgery should be performed always with
the presence of anesthesiologists who have experience
with liver resection and are able to manage prolonged
IVC occlusion and the changes that occur with liver re-
perfusion. During surgery, all patients were monitored by
standard non-invasive techniques. In addition, a Swann-
Ganz catheter and an arterial line should be placed
before surgery in the patients who planned to undergo
total vascular exclusion (TVE) with hypothermic perfu-
sion. Body warmers wete routinely employed to prevent
hypothermia intraoperatively.

Method and techniques

We routinely used a bilateral subcostal incision which
provided adequate exposure for almost all types of liver
resection. After mobilization of liver, a double examina-
tion of the liver by palpation and ultrasonography was
performed to confirm the number and size of the le-
sions, to define their relationship to intrahepatic vascular
structures, exclude undiagnosed liver metastases and
lastly to determine the resection line.

The approach of vascular control was chosen de-
pending on the tumor location and extent of tumor in-
volvement. The retrohepatic cava was partially occluded
by a side clarnpm if the extent of involved IVC was small
(< 60° circumferentially and < 2 cm longitudinally).
However, the TVE was needed to guarantee clear surgi-
cal field*™ if the IVC was involved in a larger extent. The
technique of TVE we used involves mobilization of the
liver, exposure and control of the suprahepatic and infra-
hepatic vena cava as well as the portal structures (portal
vein and hepatic artery)[g’m]. En blocliver and a segment of
the vena cava were removed finally (Figure 2A).

IVC was quickly replaced with a 20-mm ringed polytet-
rafluoroethylene (PTFE) graft if it was infiltrated by the
tumor. After that, IVC was unclamped (Figure 2B).

Hypothermic hepatic perfusion and bench hepatec-
tomy: After parenchymal transection was completed, the
liver was perfused and harvested as described for whole
organ procurement. The hilar structures were divided on
the bench. After cannulation of the portal and arterial
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Figure 1 Computed tomography and magnetic resonance imaging of tumor. A: Preoperative computed tomography scan (case 1) demonstrated a large heman-
gioma located in S1, S4, S5, S6, S7 and S8 of liver, and inferior vena cava (IVC) was involved and compressed severely (IVC circumference 190°, longitude 5 cm); B:
Magnetic resonance imaging (case 3) showed the tumor located in S1, S5, S7 and S8, with a diameter of 5 cm; IVC (circumference 60°, longitude 2 cm), right hepatic

vein thrombus, main hepatic vein as well as right portal vein were infiltrated by the tumor.

N

Figure 2 Main technical aspects of ex-situ liver surgery without veno-venous bypass. A: Bench hepatectomy-cutting line of removed liver (case 3); B: Infiltrated
inferior vena cava was replaced with a 20-mm ringed polytetrafluoroethylene graft; C: Reconstruction of inferior vena cava when polytetrafluoroethylene graft was
removed (case 1); D: Anastomosis was performed in excised portal vein, hepatic artery and hepatic duct of residual right hepatic lobe (case 2).

systems, the liver was flushed with preservation solution
[histidine-tryptophan-ketoglutarate (HTK)-Bretschneider]
at 4 'C and packed with ice immediately. The volume of
HTK used was 1 L. Proper hepatic artery and common
bile duct were flushed respectively as well. The tumor
was excised with cavipulse ultrasonic surgical aspirator
and dipolar electrosurgical unit under intraoperative ultra-
sonographic guide, and the involved blood vessels were
partially exscinded, repaired, formed and reconstructed.
Figure 2C shows that the involved IVC was peeled off,
trimmed and replaced anastomosed PTFE graft in right
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trisegmentectomy in the case of hemangioma.

The hepatic resection was performed on the back
table and the remnant liver was reimplanted orthotopi-
cally (Figure 2D). After meticulous hemostasis, a fibrin
glue sealant was sprayed on the cut surface. After irriga-
tion, a closed suction drain was inserted, and the wound
was closed in layers.

Statistical analysis

Fisher’s exact tests were used to compare variables be-
. 1 . A
tween Pichlmayr e7 al" and the present series. All statisti-
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No. Hepatectomy Sreef::li::is IVC reconstruction ot|pn: ;a::;))n '::::ep?;‘)c BlcE::iLl)oss Complication l:t:;pé?)l Outcome
1 Ex vivo hepatectomy 1,4,5,6,7,8 Synthetic graft and 6.6 3.8 1200  Pleural effusion 28 Alive without disease
with reimplantation of autologous IVC 22 mo after operation
segment 2 and 3
2 Ex vivo hepatectomy il, 2,3, 6} Synthetic graft 6.4 2.8 3100 No 38 Alive without disease
with reimplantation of 17 mo after operation
segment 4b, 5,6,7,8
3 Ex vivo hepatectomy 1,5,6,7,8 Synthetic graft 7.3 4.0 2000 Liver and renal 11 Died
with reimplantation of failure
segment 2, 3, 4
IVC: Inferior vena cava.
DISCUSSION

Operation time Anhepatic phase Postoperative

(h) (h) death
Pichlmayr’s 9 13.7+£2.6 57+1.7 &
(11-18) (4-9)
Present series & 6.7 £0.47 3.5+0.64 1
(6.4-7.3) (2.8-4.0)

cal analyses were performed using Stat View 5.0] (Abacus
Concepts, Berkeley, CA). P < 0.05 was defined as signifi-
cant difference.

RESULTS

Neither major petrioperative surgical nor anesthesiologi-
cal complications were observed and no respiratory
complications were noticed during surgery or the imme-
diate postoperative period. Patient general features and
tumor characteristics are summarized in Table 1. The
intraoperative clinical outcomes and postoperative clini-
cal course are summatized in Table 2. The first case was
a 60-year-old female with a huge hemangioma located in
S1, S4, S5, S6, S7 and S8 of the liver; the second was a
64-year-old man with cholangiocarcinoma in S1, S2, S3
and S4 and the third one was a 55-year-old man with a
huge chloangiocarcinoma in S1, S5, S7 and S8 (Table 1).
The operation time for the three patients were 6.6, 6.4
and 7.3 h, respectively. The anhepatic phases were 3.8, 2.8
and 4.0 h. The volume of blood loss during operation
were 1200, 3100 and 2000 mL, respectively. The survival
period without recurrence was 22 and 17 mo in the first
two cases, respectively. As for the third case, which was
complicated with hepatic vein outflow obstruction after
operation, emergency hepatic vein outflow extending
operation and assistant living donor liver transplantation
(LDLT) were performed the next day, and finally he died
of liver and renal failure on the third day. Operation time
(6.7 £ 0.47 h »s 13.7 £ 2.6 h) and anhepatic phase (3.5
0.64 h »s 5.7 + 1.7 h) were compared between Pichlmayr
et al" and our series (Table 3) (P = 0.78).
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Exc-vivo liver resection and liver autotransplantation rep-
resents a new approach for liver surgery. We simplified
the operation by omitting the veno-venous bypass, which
shortened the operative time and anhepatic petiod.

Most liver tumors can be removed with conventional
resection techniques using partial or total vascular occlu-
sion when needed. But it is difficult to resect the central liv-
er or postetior segments whete hepatic veins are involved.
The procedure would result in massive hemorrhage or air
embolism if it was petformed in such patients.

The accessory left hepatic artery should be occluded
carefully, or it will lead to hepatic congestion or excessive
bleeding. Huguet ¢ o/ and Choi et al'” reported that
TVE resulted in blood congestion of IVC and portal
vein definitely and caused a series of physiopathologic
problems. The congested blood re-enters the circulation
and aggravates the injury of ischemia-reperfusion when
the influx was recovered, especially in patients with liver
cirthosis. The mortality can reach up to 75% after the
hepatectomy using the TVE method.

With the development of surgical techniques, the ve-
no-venous bypass has been applied to complicated hilum
hepatectomy' ™" The blood in portal vein and TVC was
by-passed by the bio-pump to ensure the stability of gen-
eral circulation and lessen the ischemia-reperfusion injury
when the TVE was performed. The total veno-venous
bypass technique enhances the tolerance of liver to warm
ischemia. In this condition, the safe time limit of liver
tolerance to total vascular occlusion seems to be 30-120
min™"*" which is short for extensive and complex tu-
mors in a direct contact with major vascular structures.

To overcome this limitation and to reduce liver dam-
age, the concept of hypothermic perfusion has come into
consideration. This technique enables liver resection to
proceed 7n situ, ante situm ot ex vivo. The liver was filled by
Belzer’s University of Wisconsin solution. The tolerance
to the ischemia phase is extended to 4 h with hypother-
mic liver perfusion. Azoulay ez a/'" completed complicat-
ed liver resections using combined veno-venous bypass
and 7n situ hypothermic perfusion, and they testified that
the duration of liver tolerance to ischemia could last 90
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min at least in 85% cases. The IVC must be replaced and
reconstructed if it is infiltrated by tumors extensively.

Ante situm liver resection (in vivo hypothermic perfu-
sion and veno-venous bypass) has been applied widely
to resect the tumors located in hepatic hilum, confluence
of hepatic vein and IVC, but veno-veinous bypass was
used during the operation which led to severe water,
electrolyte and acid-base imbalance during the first post-
operative week. Azoulay ez al™? reported that the mortali-
ty from ex-sztu liver resection with hypothermic perfusion
(28%) was higher than that from 7 vivo hepatectomy (8%).
We reviewed the pertinent literature published from
1992 to 2007 and found that 41 cases underwent ex-situ
liver surgery with hypothermic perfusion. But only one
patient underwent ex-sifu liver surgery with hypothermic
perfusion without veno-venous bypass, and the patient is
still alive™. However, 10 patients died after the resection
with veno-venous bypass with a mortality of 2494152,
Cabezuelo e al” suggested that, in the resection with
veno-venous bypass, the hemodynamic stability of the
body and regional organs (kidney, gastrointestinal tract)
was improved during the anhepatic phase, but the rate
of kidney failure was not decreased. The procedure with-
out veno-venous bypass has been verified to be feasible
and safe during the past few years. The cost was reduced
because this technique shortens the total operation time,
reduces hemorrhage during operation and decreases the
rates of reperfusion injury.

Taking into account these controversial facts and the
deficiency of liver graft, we performed ex-sizn liver sur-
gery, vein cava replacement and hepatic autotransplanta-
tion without veno-venous bypass in three cases. The gen-
eral conditions of the three cases ate described in Table 1.

The first case is a patient with a huge hemangioma lo-
cated in S1, S4, S5, S6, S7 and S8 (Figure 1A) where IVC
was involved and compressed severely. It is likely to lead
to grave hemorrhea if IVC is dissected in the operation
because of involvement of IVC (circumference 190°, lon-
gitude 5 cm). The other two cases were patients with chol-
angiocarcinoma located at S1, S2, S3 and S4 and S1, S5,
S7 and S8, respectively. The extension of infiltrated IVC
was large (circumference = 60°, longitude = 2 cm)™*",

Although the tumor diameter was about 5 c¢m, the
IVC, right hepatic vein, MHV and right portal vein were
involved in the third patient. And the aim of cholan-
giocarcinoma resection was to achieve an RO margin
with a better tumor-free cutting edge. So it is difficult
to complete the resection in a short time if the 7 situ or
ante situm procedure was performed. But the ex-situ liver
resection with hypothermic perfusion could decrease
the chance of blood disseminated, and provide more
chances to achieve an RO rnarginm]

We have accumulated much experience in perform-
ing complicated hepatectomy and liver transplantation.
Before we performed the ex-situ liver surgery under hy-
pothermic perfusion and without veno-venous bypass,
we had done the operation in the animal experiments
with the protocol approved by the ethics committee of
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the hospital. In order to shorten the operation time, we
repaired the IVC, and performed the ex-vivo hepatectomy
when the IVC was resected at back table in the first case.
The segment S2 and S3 was autotransplanted when the
PTFE graft was removed. The operation time and the
anhepatic phase were 6.6 and 3.8 h, respectively.

For the other two patients with cholangiocarcinoma,
we performed ex- vivo hepatectomy with liver reimplanta-
tion. The segment 4b, 5, 6, 7 and 8 and segment 2, 3 and
4 were autotransplanted, respectively. Their operation
time was 6.4 and 7.3 h and anhepatic phase was 2.8 and
4.0 h, respectively.

We compared our data with the Pichlmayr ez a/" of
9 cases undergoing ex-vivo hepatectomy with veno-veno
bypass. Our procedure shortened the time of surgery and
anhepatic phase because we avoided the veno-venous
bypass, although there was no significant difference be-
tween the different techniques (P = 0.78), possibly due to
the small number of cases. Furthermore, no hepatic dys-
function resulting from the delayed liver hemoperfusion
occurred in our group after operation. But in the 9 cases
of Pichlmayr ez al"; four cases suffered from hepatic
dysfunction because of the delayed liver hemoperfusion.
Although 3 cases received liver transplantation, they were
all died of liver failure finally. In our study, the patients 1
and 2 are still alive without recurrence. The third case was
complicated with acute liver failure because of outflow
obstruction of hepatic vein after operation. Although
emergency hepatic vein outflow extending operation and
assistant LDLT were performed the next day, he died of
liver and kidney failure at last. Therefore, it is important
to reconstruct the outflow tract of hepatic vein for ex-vivo
hepatectomy.

In conclusion, the ex-situ liver surgery under hypother-
mic perfusion and without veno-venous bypass extends
the group of surgical patients, and offers a chance for the
patients with unresectable liver tumor by traditional pro-
cedures. But further clinical studies are needed to verify
the feasibility of this technique in clinical practice.

COMMENTS

Background

Primary liver malignancies together with metastatic liver tumors are the most
common tumor types in human. Experimental studies are being conducted in
hepatic resection with ex-situ hypothermic perfusion if huge lesions are located
in hepatic hilum or hepatic vein confluence, which involved and/or infiltrated
main hepatic vein and inferior vena cava (IVC).

Research frontiers

In some patients, the degree of the IVC and/or main hepatic vein involved by
tumors is so extensive that it is impossible to resect the tumors by the routine
hepatectomy. The ex-situ liver surgery, vein cava replacement and hepatic au-
totransplantation without veno-venous bypass have been performed.

Innovations and breakthroughs

The extracorporeal hypothermic parenchymal resection was to extend the on-
cological radicality by achieving an RO margin with a better tumor-free cutting
edge. But ex-situ liver surgery with veno-venous bypass aggravates ischemia-
reperfusion injury of liver and results in liver failure. To resolve this problem, the
authors performed ex-situ liver surgery without veno-venous bypass in three
cases with tumors involving IVC based on animal experiments.
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Applications

Ex-vivo liver resection and liver autotransplantation has shown a potential for
treatment of complicated hepatic neoplasms that are unresectable by traditional
procedures.

Peer review

The authors described their experience in hepatic resection with total vascular
exclusion, ex-situ liver surgery, without the need of veno-venous bypass be-
cause of immediate replacement of inferior vena cava. The topic is of interest in
the specific surgical field.
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