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Abstract

Aim: Transplantation of expanded donor criteria organs due to prolonged cold 
ischemia is one of the major options to increase the use of such organs and therefore 
reduces mortality. However this may lead to dysfunction of the organ. Therefore it’s 
necessary to develop a predictive analytic method in order to identify such expanded 
donor organs and exclude them from transplantation.

Method: The government of Bavaria, Munich, approved the animal studies.

We used special LEWIS-(RT)-rats which were divided into three groups (n=4), 
depending on cold ischemia time and loss of ATP production after 2, 4 and 8 hours

(post explantationem). The evaluation of the ATP production and histopathology 
was limited to such animals where an hepatic phase was <20 minutes und the 
transplantation time <60 min. For statistical analysis we used a program called 
software R, Version 2.12.2 (Development Core Team). The significance was 5 %.

Result: There was an inverse correlation between the ATP/protein date and the 
histopathology of the ischemia-reperfusion-injury (p=0,003).

Discussion: We evaluated the degree of the ischemia-reperfusion injury by 
comparing the mitochondrial permeability and the histopathology. By having a 
prolonged ischemia of 8 hours, the evaluation of the ATP/protein production was more 
sensitive than the histopathology. Thus, this fact could be used in order to obtain a score 
that could identify extended donor organs.

ABBREVIATIONS
LTx: Liver Transplantation; ATP: Adenosintriphosphate; IR: 

Ischemia-Reperfusion injury

INTRODUCTION
At the present time, liver transplantation is the only chance 

to ensure survival when suffering from a chronic liver failure 
and all other conservative therapies had been exhausted [1]. A 
liver transplantation is performed when a chronic liver disease, 
a metabolic disease, genetic disease, vascular diseases, malignant 
diseases or trauma occurs in the liver [2]. Though the promising 
outcome and the prolongation of life there must not be forgotten 
the fact that there is an extremely lack of compatible organs 
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which minimizes the transplantation rates. In Germany 1491 
people needed a liver and only 779 where transplanted from 
deceased donors [3]. In order to solve the dilemma with a lack 
of organs in regards of the need, organs with “expanded criteria” 
were used for the potential donor pool [4]. 

Using those organs raises a lot of questions, which are still 
unsettled. At the present time there is no precisely definitions of 
the characteristics of expanded criteria organs. In literature the 
use of those organs is sometimes associated with a transplant 
dysfunction afterwards [5].

Therefore it is necessary to develop a experimental method 
which is able to identify such organs which would be qualified for 
a transplantation and would not be associated with a transplant 
dysfunction afterwards [6]. 

Due to former experiments and results in our working 
group, we decided to focus on the Adenosintriphosphate (ATP) 
production in mitochondria in order to access the vitality of the 
expanded criteria organs. As a consequence of the ischemia-
reperfusion injury (I/R) the mitochondrial permeability increases 
which therefore leads to a decrease in production of ATP. 

We focused on following questions:

Is the level of ATP in correlation with the histopathology a 
tool to evaluate the vitality of these organs and could therefore 
ATP be used as a measurement of these organs?

MATERIALS AND METHODS
ATP measurement: We used male syngeneic Lewis-CD-rats 

with a weight between 220-240gram. 

The explantation of the rat livers was performed at the 
Klinikumrechts der Isar, Munich. Isofluran 5% was used for 
anaesthesia. The steps of the explantation are described later. 
After explantation the rat livers were carried in a culture medium 
to the research centre IMETUM, Garching, Germany. The medium 
consisted of Dulbecco’s Modified Eagle’s Medium (DMEM base) + 
0,35 g/l NaHCO3 + 2mM L-Glutamin + 5% FCS +20mM HEPES + 
25 mM Glucose with a pH around 7,25.

Regarding the ischemia, the rat livers were assigned to 
different ischemia time: 2h, 2,25h, 2,5h, 3h, 3,5h, 4h, 4,5h, 5h, 
5,5h, 6h, 7h, 8h, 9h, 10h. Each group consisted of 4 rat livers. 

The ATP measurement was based on an ATP lite Luminescence 
ATP Detection Assay System (Perkin Elmer). The mechanism 
is based on a light emission, which is proportional to the ATP 
concentration.

After adding 400μl Mammalian Cell Lysis Solution of the KIT 
to the explanted livers, which marked ischemia time. Then the 
livers were crushed using a ultrasonic wand. After centrifuging 
the samples with 2500 rpm, 50 μl of each sample were transferred 
to 96 well plate in which 100 μl PBS had been put. Then 50 μl 
of a new substrate solution were put into the wells. By adding 
the lyophilized substrate Solution, a low ph was created, which 
catalysed the reaction. The exact details are seen on Figure 1.

To exclude different weights of the liver and different masses, 
we did a protein measurement, using the BRADFORD-test.

Based on the ATP measurement we divided the rats in groups 

for the liver transplantation. This lead to 3 groups with an 
ischemia time of 2, 4 and 8 hours. Each group consisted of 4 rats.

We performed a liver transplant surgery after the technique 
of Kamada et al [7]. Instead of using splints, every vessel was 
sutured. We ligated the liver vessels and the ductus choledochus 
distant from the rat livers for explantation. We inserted a plastic 
splint (22 G, Vasculon® Plus) [8] into the ductuscholeochus and 
fixed it with a suture in order to simplify suturing the ductus 
choledochus when transplantation the liver into a new rat 
recipient (Figure 2). The aorta abdominalis was clamped and 
perfused with CUSTODIOL through inserting a small catheter 
(14 G, Venflon®) into the aorta. Subsequent the ligation of left 
Vena phrenica, infrahepatic Vena cava inferior, Vena renalis, V. 
suprarenalis and the A. hepatica communis followed. At last we 
ligated the infrahepatic Vena cava. 

When explanting the liver of recipient rat, we ligated the 
vessels close to the liver.

After the ischemia time of 2, 4 and 8 hours we transplanted 
the livers.  Therefore we sutured the vessels of the Venacava 
inferiors first (Figure 3,4). Before anatomising we used isotonic 
saline solution to flush the lumen of the vessels to prevent air 
bubbles and as a consequence to prevent a lung embolism [9]. 
We also sutured the potal vein and the Ductus choledochus. 
After finishing the transplantation, we used the production of 
bile for the success of the transplantation. Then after 5 minutes 
of a sufficient blood flow, the rats were euthanatized and the 
livers were sent to pathology. Due to literature, donation after 
circulatory death provides a similar outcome as donation if 
brain-death donors do [10].

The histology was analysed at the Department of Pathology 
using Elastica-van-Gieson and hematoxylin-eosin stain.

RESULTS AND DISCUSSION
During prolonged ischemia due to the lack of oxygen, the 

Figure 1 Function of the ATP KIT http://www.perkinelmer.com/
Catalog/Product/ID/6016947.
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a ischemia time from 2-10 hours with an average of 0,0067μg/
ml (95% confidence interval: [0,0019; 0,0115], p=0,010). A 
steady state was reached after 7 hours with an ATP production 
of 0,01μg/ml (Figure 5).

The results of the histopathologies were divided into 3 groups. 
The first group included all livers with singular cell necrosis <3 
and no group necrosis, no karyorhexis and beginning oedema. 
The second group was characterised by small group necrosis 
(< 10 hepatocytes), no karyorhexis, sinusoidal dilatation, and 
multiple cell oedema. Group necrosis >10 and karyorhexis were 
found in group 3 as long a strong sinusoidal dilatation and cell 
oedemas.

In the light of all results, it showed that there was an 
inverse correlation between the ATP measurement and the 
histopathology. Although the ATP measurement showed clearly 
that there was basically no production of ATP at 8 hours anymore, 

Figure 2 The anastomosis of the portal veins.

Figure 3 The donor liver in situ of the recipient.

Figure 4 Anastomosis of the Vena cava through suturing.
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Figure 5 ATP production and ischemia time.

levels of ATP production decrease slowly resulting in cell death. 

The lack of oxygen inhibits the respiratory chain leading 
in decreased production of ATP [11]. Furthermore the ATP 
synthase starts then hydrolyzing remaining ATP to ADP which 
further aggravates the loss of ATP.

Various intracellular ion channels and enzymes are based 
on the availability of ATP. Therefore a lack of ATP leads to an 
accumulation of lactate [12] and other metabolic products. This 
leads further on to morphologic changes of the cells: swelling, 
necrosis and apoptosis. The time how long ischemia is tolerated 
in certain organs is still for some organs unclear and prolonged 
ischemia might even increase cell death rather than being used as 
a precondition to induce tolerance [13,14].

We noticed a significant decline in the ATP production from 
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the histopathology only illustrated group 2, which means small 
group necrosis (< 10 hepatocytes), no karyorhexis, sinusoidal 
dilatation, multiple cell oedema. There was no bigger group 
necrosis found (Figure 6).

CONCLUSION
The ATP measurement is more sensitive than the 

histopathology. Previous studies showed that the histopathology 
indicating cell death showed no difference between the time 
periods. Even if cell swelling and necrosis indicate the death of 
the cells, the time of death remained unclear [12]. On top of it 
was shown, that low ATP levels and low adenine nucleotide pool 
lead to cell death [13]. Cell death will occur when the adenine 
nucleotide pool is down to 25% to 30% [12]. Cell swelling and 
necrosis are the beginning of cell death due to various cellular 
mechanisms. The loss of ATP marks the irreversibility of 
beginning cell death.

Given that fact, it should be considered whether the ATP 
measurement should be the standard to test the function of 
eligible livers for transplantation. This could be a suitable tool 
in order to identify extended criteria organs. Measuring ATP 
could be used in future time to establish a quick test for selecting 
vital organs which won’t be associated with a transplant 
dysfunction afterwards. Up to now ATP measurements are still 
time-consuming giving no advantage to a pathologist analysing 
samples from eligible donor organs. But with future progress in 
the technical realization of producing an ATP measuring device 
less time consuming than doing a sample. This would speed up 
the explantation process and also guarantee a better survival of 
the patient receiving an organ and might be less associated with 
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Figure 6 Groups in the histopathology and ischemia time.

transplant dysfunction afterwards.
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