
2. Introduction

The gold standard means of treating end‐stage heart failure is heart transplantation.

However, the number of donors is largely insufficient to cover

the ever‐increasing demand for hearts[1].

One promising solution to this recurrent shortage is the use of grafts obtained from

DCD donors [2]. Indeed, heart transplantation using hearts obtained from DCD

donors has been proven possible and over 70 clinical cases have been reported in

the last 4 years [3]. DCD grafts undergo an inevitable period of warm ischemia

between circulatory arrest and graft procurement, which is avoided in conventional

donation after brain death (see Fig. 2.1). Warm ischemia means that the organ is still

in the body but is no longer supplied with blood and substrates.

In the first stage of ischemia, myocardial cells are injured as the result of anoxia and

the absence of metabolic substrates. In the absence of reperfusion, these injured

cells die. Paradoxically, the return of blood flow with reperfusion can result in

additional cardiac damage; this is referred to as ischemia-reperfusion injury (IRI) [5].

Mitochondria that have been damaged during cellular stress or cell death, such as

occurs during IRI, release a group of molecules called mitochondrial damage-

associated molecular patterns (mtDAMPs) [6]. Recently, mtDAMPs have been

identified as important mediators of the innate immune response and can activate

sterile inflammation. In the case of transplantation; release of mtDAMPs by the donor

organ could contribute to the development of graft rejection. Mitochondrial

deoxyribonucleic acid (mtDNA), cytochrome C, succinate are recognized mtDAMPs

[7].

6. Discussion

The characterization of the role of mtDAMPs release should aid in the

identification of new, mitochondrial‐based therapeutic targets that could

ultimately facilitate DCD heart transplantation.

Although no statistically significant patterns were detected for the accumulation
of mtDAMPs, we found strong tendencies for higher levels of the mtDAMPs
(mtDNA, cytochrome c and succinate) in hearts exposed to ischemia. It appears
that the hearts exposed to ischemia suffered more, which tended to increase
the release of mtDAMPs. In order to reduce the variability observed in the
results presented, it is necessary to increase the number of hearts in the
groups.

There are several limitations that apply to this thesis. Firstly, in order to limit
variability and to precisely control the experimental conditions, an isolated heart
model was used that is not fully representative of conditions to which human
cardiac grafts are exposed in clinical DCD. In addition, it must also point out
that the post ischemic findings can be considered only as short‐term recovery,
as heart function was monitored for a total of 1hour after reperfusion onset. This
is of particular clinical relevance as graft dysfunction may not develop until
several hours post-transplant.
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1. Abstract

Organ shortage is a critical problem in heart transplantations. One strategy to

increase the availability of organs available for transplantation is to use hearts

obtained from donation after circulatory death (DCD). Mitochondria that have

been damaged by warm ischemia and reperfusion release a group of molecules

recognized as mitochondrial damage-associated molecular patterns

(mtDAMPs). MtDAMPs are known to activate innate inflammation, which in the

case of graft transplantation, may contribute to the development of graft

rejection.

Using an isolated rat heart model in working mode, different mtDAMPs in the

perfusate were measured. There was a tendency for increased accumulation of

mtDAMPs in hearts that were exposed to 27 minutes of ischemia compared to

the non-ischemic control group.

This work is a first step towards the characterization of the role of mtDAMPs in

hearts exposed to warm ischemia and may ultimately aid in the identification of

new, mitochondrial‐based therapeutic targets that could facilitate DCD heart

transplantation.

4. Material and Methods

Male Wistar rats were chosen to represent

young adult human DCD heart donors. After

anesthesia the thoracic cage was opened

and the hearts were excised. For the

working mode the aorta and the left atrium

were cannulated and the heart was perfused

with a special buffer (see Fig. 4.1). Hearts

were randomly assigned to two experimental

groups. The non-ischemic control group

(sham) was not submitted to warm global

ischemia. For the ischemic group perfusate

lines were clamped for 27 minutes. So there

was no oxygen and substrate during this

time, to simulate the warm global ischemia.

Samples of circulating buffer and coronary

effluent were taken at several time points:

10, 30, and 60 minutes during the

reperfusion period.

3. Aim/ Leading Question

The aim of this diploma thesis is to characterize the release of mtDAMPs at

different stages of DCD using an isolated rat heart model of DCD.

1. Is there an increased accumulation or different patterns of accumulation for
several mtDAMPs (mtDNA, cytochrome C and succinate) during reperfusion in
ischemic hearts compared to non-ischemic hearts?

5. Results

Results of mtDAMPs accumulation from 5

sham and 5 ischemic hearts are reported

in the following paragraphs (Fig. 5.1, 5.2,

5.3). Except for the mtDNA accumulation,

only preliminary results from 5 hearts

(sham n = 2, ischemic n = 3) are

presented. The difference in mtDAMPs

accumulation between the groups is not

statistically significant due to high

variability within groups. However, over the

60 minutes of reperfusion, a tendency for a

greater accumulation of mtDAMPs in the

ischemic hearts compared to the sham

hearts was observed.
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Fig. 4.1 A beating cannulated rat heart

Fig. 2.1 Process of heart transplantations. (A) The traditional approach to transplantation of a heart procured from a DBD donor. Viable 

organs are arrested and put in cold-static storage until transplantation. Organ ischemia (blue) is limited to the time between procurement 

and transplantation and damage is limited with cold storage and preservation solutions. (B) The traditional approach to transplantation if 

combined with heart procurement from a DCD donor. The donor progresses to circulatory arrest following withdrawal of life-sustaining 

therapy (WLST). The heart has sustained a warm ischemic insult before organ procurement can proceed [4].

Fig. 5.1 Accumulation of mtDNA during the reperfusion (RP)

Fig. 5.2 Accumulation of cyto. C during the reperfusion (RP) Fig. 5.3 Accumulation of succinate during the reperfusion (RP)
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