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Abstract. Changes in arterial blood ketone body ratio
(KBR) were investigated in 47 human liver transplanta-
tions. Of the 20 grafts preserved with University of Wis-
consin (UW) solution, 10 had a cold preservation period
of less than 10 h {(UWS group) and 10 of more than 10 h
(UWL group). In 27 other cases, grafts were preserved
with EuroCollins (EC) solution for less than 10h (EC
group). In the EC group, KBR increased over 0.7 within
6 h after reperfusion of the graft in 17 cases (63%) and
within 24 h in 7 cases (26%). In the 3 other cases, KBR
failed to recover, and these patients underwent retrans-
plantation. In the UW group, KBR recovered within 6 hin
13 cases (65%) and within 24 h in 7 cases (35%). There
were no significant differences between the UWS and
UWL groups. It is shown that the mitochondrial function
of liver grafts preserved with UW solution can be well
maintained even after extended preservation periods of
more than 10 h.
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In the past 10 years, liver transplantation has emerged as
an important therapy in the treatment of end-stage liver
diseases 2, 15, 18], but it is still restricted by the shortage
of donor grafts and by the limited preservation time of the
grafts. UW solution, developed by the University of Wis-
consin group, has been reported to be valuable for extend-
ing the period of organ preservation up to 24-48 h in
canine and rabbit livers [5, 6]. Positive results have also
beenreported in clinical liver transplantation using a graft
harvested and preserved with UW solution after extended
preservation of more than 10 h [7]. If and when the effec-
tiveness of this new solution is fully established, it will fa-
cilitate the transport of a harvested organ over longer dis-
tances, allowing liver transplantation to be performed
under optimal conditions as an elective operation.

To evaluate the effects of the preservation solutions, it
is necessary to clarify the postoperative factors affecting
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graft viability. According to Tanaka et al. [21], liver via-
bility basically depends on the energy-producing capacity
of the liver mitochondria, the functional state of which can
be evaluated through the changes in arterial blood ketone
body ratio (KBR; acetoacetate/3-hydroxybutyrate) re-
flecting the mitochondrial Redox state or NAD*/NADH.
That the functional viability of liver grafts depends on the
mitochondrial function is supported by a number of ex-
perimental [9,19] and clinical [20] studies. It has also been
reported that a decrease in KBR after surgery is an early
indicator of hepatic failure [12-14, 25].

In this study, in order to evaluate the effects of preser-
vation solutions on the postoperative recovery of mito-
chondrial function of the graft, the early postoperative
courses of patients who had received liver allografts har-
vested and preserved with UW solution were investigated
in relation to the changes in KBR after recirculation of the
graft, and the results were compared with those of patients
receiving grafts with EuroCollins (EC) solution.

Materials and methods

Patients

From January 1988 to January 1989, a total of 77 adult liver
transplantations were performed at the Klinik flir Abdominal- und
Transplantationschirurgie, Medizinische Hochschule Hannover. We
studied 47 of these procedures in 43 patients (4 were retransplanta-

Table 1. Indications for liver transplantation

ECgroup UWS group UWL group

Liver cirrhosis 8 3 4
Chronic hepatitis 4 1 2
Primary biliary cirrhosis 4 1 1
Budd-Chiarisyndrome 2 0 0
Sclerosing cholangitis 0 1 0
Hepatocellular carcinoma 4 2 1
Other malignancies 1 1 1
Retransplantation 3 0 1
Other 1 1 0
Total 27 10 10
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Fig.1. Changesin ketone body ratio (KBR) after recirculation in the
EC group (n=27). Changes in cases of initial nonfunctioning graft
are shown as dotted lines
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Fig.2. Changes in ketone body ratio (KBR) in the UWS group
(n=10)
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Fig.3. Changes in ketone body ratio (KBR) in the UWL group
(n=10)

tions). Twenty of the liver grafts were harvested and preserved with
UW solution (UW group) and 27 with EuroCollins solution (EC
group). In the EC group, the average cold ischemia time was 5h
59 min (range 2 h 46 min-9 h 55 min). The UW group was further
divided into two groups: one of 10 patients with a cold ischemia time
of less than 10 h (UWS group) and another of 10 patients withacold
ischemia time of more than 10 h (UWL group). The average preser-
vation time was 7 h 24 min (range 5 h 36 min-9 h 9 min) in the UWS
group and 17 h 33 min (range 10 h 19 min-24 h 18 min) in the UWL
group. The primary diseases in each group are listed in Table 1.

Organ procurement and preservation

Donor hepatectomy was performed using techniques described else-
where [10]. Following in vivo flushing of the aorta and portal vein
with 2000 ml of ice-cold preservation solution (either EC or UW),
the grafts were stored at 4 °C until use.

Recipient operation

Recipient hepatectomy and hepatic replacement were performed
using techniques previously reported [16]. Postoperative immuno-
suppression consisted of cyclosporin A, low-dose steroids, and
azathioprine [17].

Sampling protocol
Arterial blood sampling was performed in the anhepatic period at 1,

4,6,24, and 48 h after reperfusion. Ketone bodies (acetoacetate and
3-hydroxybutyrate) were measured enzymatically using a KETO-
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Fig.4. Changes in plasma lactate
concentration after recirculation
inEC(n=27)and UW (n=20)
(UWS + UWL) groups. Values of
initial nonfunctioning cases are
shown as dotted lines

26 48

REX Kit (Sanwa Chemical, Nagoya, Japan) and KETO-340 (a semi-
automatic spectrophotometer designed for measurement of ketone
bodies; Ihara Electric, Kasugai, Japan) [8, 22, 24]. Plasma lactate
levels were also measured enzymatically [4].

Routine liver-related parameters, including serum aspartate
aminotransferase (AST) level, total bilirubin concentration, and
partial thromboplastin time (PTT) were measured daily until the Sth
postoperative day by optimized standard methods.

Statistical analysis

Results are expressed as mean + standard error. Statistical signifi-
cance was determined by unpaired-test. P values less than 0.01 were
considered to be significant.

Results
Clinical outcome

At present, 31 of the 43 patients are alive, including 15 in
the EC, 9in the UWS, and 7 in the UWL groups.

Three of the 27 cases in the EC group were clinically
diagnosed as having an initial nonfunctioning graft (INF)
and required urgent retransplantation. All other patients
recovered from the operation and survived longer than
1 week.

There were no instances of INF in the UW group, and
all the grafts survived longer than 1 week. One patient
who received a graft with the longest preservation time of
24 h 20 min developed bile duct necrosis due to impaired
arterial perfusion on the 7th postoperative day and under-
went retransplantation 42 days later.
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Laboratory data

Figures 1,2, and 3 show the changes in KBR after recircu-
lation of the graft in the three groups. As shown in Fig. 1,
in the EC group, KBR recovered over the critical level of
0.7 within 6 h after recirculation in 17 cases (63%). In
7 cases (26% ), KBR increased over 0.7 within 24 h. KBR
failed to recover in the other 3 patients (11%), and the di-
agnosis of INF was made in these cases.

Asshownin Fig.2, in the UWS group, KBR recovered
within 6 hin 6 cases (60% ) and within 24 hin an additional
4 cases (40% ). Figure 3 shows the changes in KBR in the
UWL group. KBR reached 0.7 within 6 hin 7 cases (70%)
and within 24 h in the other 3 cases (30% ). Recovery pat-
terns of patients were almost identical among the three
groups.

Figure 4 shows the changes in plasma lactate level of
the EC and UW groups. Values of INF cases are indicated
by dotted lines. In all cases, lactic acid accumulated in the
anhepatic phase, and its concentration further increased
immediately after recirculation of the graft. Normaliza-
tion in lactate concentration was obtained on the 2nd post-
operative day. Plasma lactate level remained extremely
high throughout the postoperative course in INF cases.
There was no significant difference in patients who sur-
vived among the three groups.

Table 2 shows the changes in AST, total serum bi-
lirubin concentration, and partial thromboplastin time in
the three groups; INF cases were excluded here. AST
level on the 1st postoperative day was significantly higher
in the UWL group than in the UWS group. There were no
significant differences in the changes of total bilirubin
concentration or PTT among the three groups.
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Figure 5 shows two cases, one with a functioning graft
and the other with a nonfunctioning graft. The patient
represented on the left was a 48-year-old woman who
underwent liver transplantation for hepatocellular car-
cinoma. The graft was preserved with UW solution and
the cold ischemia time was 18 h 13 min. KBR increased
promptly after the operation. Lactic acid concentration
returned to a normal level and the AST was 330
and 109 IU/ on the 1st and 2nd postoperative days, re-
spectively. On the 1st postoperative day the patient
was extubated, and on the 2nd postoperative day she
was able to call to her husband, who was sitting at her
bedside.

The patient represented on the right was a 46-year-old
man with hepatocellular carcinoma who received a graft
preserved for 6 h41 min with EC solution. After the oper-
ation KBR failed to increase; lactic acid and AST rose

Table 2. Changes in aspartate aminotransferase (AST), total

bilirubin, and partial thromboplastin time (PTT) in EC, UWS,

and UWL groups. Numbers of patients are given in parentheses.

Normal values: AST < 18 IU/, bilirubin < 17 pmoV/1, PTT 33-40s.
* P<001

Aspartate aminotransferase (1U/1)

Postopera-

tiveday 1 2 3 4 5

EC(24) 454+ 77 252+ 67 145t 40 67110 124+ 68
UWS (10) 254+ 39* 209+ 75 166 68 110+42 106+ 46
UWL (10) 802+107* 713+181 4122104 13929 6712
Bilirubin (umol/)

Postopera-

tiveday 1 .2 3 4 5
EC(24) 7891169 704+13.6 81.4:165 1086+162 121.3+179

UWS (10) 102.5£304 104.8+158 10531208 107.0+22.0 120.8+269
UWL (10) 1054+19.0 150.8+£52.5 153.31394 2104 +55.9 282.6+75.1

Partial prothrombin time (s)

Postopera-

tiveday 1 2 3 4 - 5
EC(24) 477115 5101219 456+21 453+22 458+£32
UWS(10) 495134 456126 479148 386120 404126
UWL (10) 49.9+29 574+51 433127 451+18 451%22

markedly on the 1st postoperative day, and the liver allo-
graft produced only a small amount of bile. The clinical di-
agnosis of initial nonfunction was made and the patient
underwent retransplantation the following day.

Discussion

The advantages of UW solution have been discussed by
Belzer and Southard [1], who indicate. that its effective-
ness lies especially in raffinose and lactobionate, two
impermeants used in place of glucose to prevent cell
swelling during preservation. They also suggest one dis-
advantage of glucose, which is the main impermeant in
EC solution, in relation to intracellular lactic acidosis
during preservation. Glucose stimulates the undesired
production of lactate and hydrogen ions, a process which
continues to occur during preservation since the liver has
the potential for anaerobic glycolysis during cold storage.
On the other hand, cell swelling and intracellular acidosis
may suppress mitochondrial function, one of the key fac-
tors in the metabolic integrity of the graft. The potential
of UW solution should thus be evaluated not only in
terms of clinical results but also by the functional re-
covery of mitochondrial function of allografts after resto-
ration of the blood supply.

In the present study, immediate retransplantation for
INF was necessary in three cases in the EC group (11%).
By contrast, initial graft function was excellent in all cases
in the UW group. Moreover, rapid recovery of KBR,
which reflects hepatic mitochondrial REDOX state, was
obtained in patients receiving grafts procured and
preserved with UW solution even after long periods of
preservation. As we have reported, the recovery of KBR
may depend on the functional reserve of the graft, as well
as on the metabolic load placed on the graft by the recip-
ient. Hence, the early recovery of mitochondrial function,
indicated by the early recovery of KBR, guarantees an
uneventful postoperative course {20]. On the other hand,
a delay in or lack of KBR recovery implies functional
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failure of the transplanted organ [20]. The remarkable dif-
ference beween the two cases reported in this study clearly
shows the importance of early postoperative recovery of
KBR after liver transplantation. KBR also correlated well
with the hepatic energy charge, a parameter for evaluating
the high energy state of the liver, as reported by Ozawa et
al.[14,21}.

However, the recovery of KBR in the UWS group was
not significantly different from that in the EC group.
Moreover, elevation in plasma lactate concentration im-
mediately after reperfusion of the graft was not sup-
pressed in the UW group when compared with the EC
group, as shown in Fig.2. Since elevation in lactate level
after repcrfusion may be caused by the release of lactate
from the graft, it may be assumed that the intracellular ac-
cumulation of lactate during preservation was not sup-
pressed effectively by UW solution. The subsequent de-
crease in lactate concentration was also the same with
both UW and EC solutions, and normalization in the lac-
tate level was obtained only after the recovery of KBR.
Although some experimental results support the possi-
bility that UW solution prevents intracellular acidosis of
hepatocytes [11, 23], the suppression of intracellular aci-
dosis by preservation solutions has been reported to be
problematic [3]. Further experimental investigations,
such as the direct measurement of tissue lactate concen-
tration and pH after different periods of cold ischemia, are
necessary to ascertain the effects of UW solution on lac-
tate metabolism.

AST levels in the UWL group were also significantly
higher on the 1st postoperative day than those in the
UWS group. This result is compatible with that of Ka-
layoglu et al. {7]. Undoubtedly, it indicates ischemic dam-
age to the graft caused by the prolonged preservation
period. This is suggested by the fact that the patient re-
ceiving the graft with the longest preservation time de-
veloped bile duct necrosis. Further prolongation of pres-
ervation time cannot be recommended, although this
complication cannot be explained by the extended pres-
ervation period alone.

In conclusion, preservation of human liver grafts for
more than 10 h can be successfully performed with UW
solution. These results are based on changes in KBR and
on the lower incidence of INF. On the other hand, more
clinical and experimental data are needed to clarify the
metabolic changes occurring during preservation before
the safety of liver preservation with UW solution for peri-
ods over 20 h can be confirmed.
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