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A B S T R A C T   

Introduction: Organ shortage, subsequent use of extended donor criteria organs and high-risk recipients needing 
redo-surgery are increasing the complexity of heart transplantation. Donor organ machine perfusion (MP) is an 
emerging technology allowing reduction of ischemia time as well as standardized evaluation of the organ. The 
aim of this study was to review the introduction of MP and analyze the results of heart transplantation after MP 
in our center. 
Methods: In a retrospective single-center study, data from a prospectively collected database were analysed. From 
July 2018 to August 2021, fourteen hearts were retrieved and perfused using the Organ Care System (OCS), 12 
hearts were transplanted. Criteria to use the OCS were based on donor/recipient characteristics. Primary 
objective was 30-day survival, secondary objectives were major cardiac adverse events, graft function, rejection 
episodes as well as overall survival in the follow-up and assessment of MP technical reliability. 
Results: All patients survived the procedure and the postoperative 30-day interval. No MP related complications 
were noted. Graft ejection fraction beyond 14 days was ≥ 50% in all cases. Endomyocardial biopsy showed 
excellent results with no or mild rejection. Two donor hearts were rejected after OCS perfusion and evaluation. 
Conclusion: Ex vivo normothermic MP during organ procurement is a safe and promising technique to expand the 
donor pool. Reduction of cold ischemic time while providing additional donor heart assessment and recon-
ditioning options increased the number of acceptable donor hearts. Additional clinical trials are necessary to 
develop guidelines regarding the application of MP.   

1. Introduction 

Despite of advances in the treatment of end-stage heart failure 
including long-term ventricular assist devices [1] and total artificial 
heart [2,3], heart transplantation remains the gold standard warranting 
excellent long-term survival and quality of life. Mortality on the waiting 
list remains between 13 and 20% [4,5]; moreover, due to the scarcity of 
organs, only the sickest of the recipients have a realistic chance of 
transplantation, as around 75% of heart recipients in Germany are 

transplanted under high urgent status [data from Eurotransplant sta-
tistics report library, report 2144P_Germany_heart]. Due to these 
adverse conditions, recipients are hospitalised and/or on MCS in up to 
50% of the cases [6]. 

In Germany, due to transplant law restrictions, the number of donors 
declined to 10.7 per million. Additionally, donation after circulatory 
death (DCD) is still inhibited by law in Germany, allowing only donation 
after secured brain death. Available donors are older and therefore have 
pre-existent cardiovascular medical conditions [5,7]. Limited supply 
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with donor organs forces transplant teams to optimise organ evaluation 
and to broaden acceptance criteria. Nevertheless, offered donor heart 
grafts are declined in about 20–30% of the cases during the allocation 
process [5]. Main dilemma remains predicting allograft function from an 
extended criteria organ after a timespan of cold ischemic storage. 

Cold Storage (CS) remains the recommended procedure for graft 
transportation since 50 years, to slow down biochemical reaction rates 
and decrease the rate of intracellular degradation of essential compo-
nents necessary for organ viability. However, CS in itself is a major risk 
factor for primary graft dysfunction and postoperative mortality due to 
ischemic damage and subsequent reperfusion injuries of the graft in a 
time dependent manner [8,9,10]. Besides considerations regarding the 
cardioplegic/preservation solution, stable temperature levels within the 
range of 4–8 ◦C are deemed important, since lower and higher tem-
peratures increase negative effects; moreover a hypothermic time span 
of 4–6 h should not be exceeded [11,12,13]. 

In contrast, in order to reduce negative effects of hypothermia, ex 
vivo warm graft machine perfusion (MP) of the heart in a beating, near- 
physiological state in a portable system is under investigation. A 
nutrient rich perfusion solution and improved oxygenation by the use of 
donor blood, should allow for a biochemically optimised environment. 
This method offers the unique possibility of assessing hemodynamics, 
biochemistry and structure of the beating heart up to the time of 
transplantation. MP offers real time quality control of donor hearts as 
well as providing the opportunity to extend graft preservation time. 
Moreover it allows for continuous assessment of heart grafts with 
extended criteria, which would not have been accepted under usual 
allocation and/or acceptance rules. The safety and effectiveness of 
portable, warm machine perfusion (PROCEED II) and the potential of 
expanding the donor pool (EXPAND) have been investigated and pre-
sented promising results [7,14]. 

It was therefore the aim of this study to review our centre’s first 
experience with the introduction of warm MP, thereby analysing feasi-
bility and outcome of heart transplantation using this new preservation 
technique. 

2. Material and methods 

In a retrospective single-center study, data from a prospectively 
collected database were analysed. From July 2018 to August 2021, 
fourteen hearts were retrieved and perfused using machine perfusion 
(Organ Care System (OCS), Transmedics), 12 hearts were transplanted. 
The study was approved by the local Ethics Committee (21–10062-BO) 
and conducted according to the declaration of Helsinki. 

2.1. Indication for MP 

Criteria for using the MP over cold ischemic storage during retrieval 
were donor and recipient specific. Donor specific criteria were 1) esti-
mated ischemic time > 4 h, 2) history of donor cardiac arrest, 3) ino-
trope therapy > 0.25 µg/kg/min, 4) left ventricular ejection fraction less 
than 45%, 5) donors older than 55 years, 6) coronary vessel disease or 
missing coronary angiography, 7) LV hypertrophy and 8) judgement of 
the retrieval surgeon. Recipient specific criterion was previous cardiac 
surgery, mainly left ventricular assist device. All patients gave written 
consent for orthotopic heart transplantation as well as MP preservation 
and assessment. 

2.2. Retrieval and MP procedure 

The MP is a portable perfusion and monitoring device used for 
perfusing the heart ex vivo with warm, oxygenated, nutrient-enriched 
donor blood while the heart is beating, thus imitating the in vivo, 
metabolically active state. The layout of the system has been described 
extensively [7,14]. Shortly, the heart is retrieved under standard con-
ditions with collection of 1.2–1.5 L of donor blood and installed in the 

system for further perfusion. 
Warm oxygenated blood is pumped into the aorta, perfusing the 

coronary arteries while the deoxygenated blood of the coronary sinus 
flows in the right atrium and through the tricuspid valve (superior/ 
inferior venae cava closed) in the right ventricle. It is then ejected into a 
pulmonary artery cannula and returned to the blood reservoir after 
passing through the oxygenator. Notably, a vent is inserted through the 
left atrial appendage and atrial/ventricular temporary pacing wires are 
inserted. 

The heart is placed in the perfusion module and heart perfusion is 
commenced with a pump flow of 900 to 1200 mL/min aiming for a 
coronary flow between 650 and 850 mL/min. 

Simultaneously the heart is being rewarmed to 34 ◦C. In case of 
ventricular or atrial arrhythmias the heart is initially shocked with 10 
Joules and then in 5 Joules increments until sinus rhythm is established. 

Venous and arterial blood gas samples are taken after commencing 
perfusion (starting concentration) and in hourly intervals up to end of 
MP (ending concentration) to quantify for lactate, electrolytes and 
haemoglobin using the CG4/CG8 cartridges in the IStat portable ana-
lyser (Abbott Point of Care Inc, Princeton, NJ). The criteria for organ 
acceptance, as formulated in the PROCEED II trial [14], were: stable or 
diminishing lactate levels, venous blood lactate levels lower than the 
arterial values, or lactate level less than 5 mmol/L at the end of the MP 
perfusion demonstrating lactate elimination by the donor heart, as well 
as stable coronary perfusion and good donor heart contractility. 

Donor hearts fulfilling the above-mentioned criteria are finally 
accepted for transplantation. Before removal from the MP, donor hearts 
are perfused with 1 L of cold Bretschneider cardioplegia. 

The total duration from donor cross-clamping to the connection on 
the OCS and from administration of cardioplegia on the MP to the 
release of the cross-clamp after implantation is the total time of cold 
ischemic storage. MP perfusion time is the time between the connection 
of the heart on the system and administration of cardioplegia before 
disconnecting it. The total preservation time is defined as the duration 
from donor cross-clamping and release of cross-clamping after 
transplantation. 

2.3. Transplantation procedure 

Hearts were transplanted using bicaval technique as a standard. 
Immunosuppression consisted of induction with rabbit antithymocyte 
globulin and maintenance with a combination of tacrolimus, myco-
phenolate mofetil and prednisone. 

2.4. Data analysis 

Thirty-day survival, major cardiac adverse events including left/ 
right ventricular dysfunction and graft function, rejection episodes and 
overall survival were examined during follow-up. MP parameters such 
as coronary flow, aortic pressure, heart rate and arterial/venous lactate 
values were analysed as well as causes for final rejection of heart allo-
graft after initial acceptance were assessed. Finally, potential trouble-
shooting with the device and/or the necessary logistics were evaluated 
using the written protocols of each MP procedure. 

Data were analysed with SPSS version 27 (IBM SPSS Statistics, IBM 
Corp., Armonk, NY, USA) and presented as mean +/- standard devia-
tion. Descriptive analysis and survival (Kaplan-Meier) analysis was 
performed. 

3. Results 

All transplanted patients (n = 12) survived the transplantation pro-
cedure and no patient was lost to follow-up. 
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3.1. Donor and recipient characteristics 

Donors all met the criterias of brain death (DBD) and showed a 
median age of 54.3 years with equal distribution between male/female. 
Main cause of death was stroke or cerebrovascular event with 83.4%. 
One third of the donor offers were conducted in tertiary round as 
extended/center allocation. Two heart grafts were from donors after 
cardiopulmonary resuscitation. Details are given in Table 1. 

Recipients were aged 49.2 years in median, with seven female and 
five male patients. Typically, most underlying disease was ischemic (5) 
and dilatative (4) cardiomyopathy. Other diagnoses included amyloid-
osis, non-compaction and hypertrophic non-obstructive cardiomyopa-
thy. Half of all recipients were on LVAD therapy, and 5 were 
transplanted under High Urgent status (Table 1). 

3.2. MP procedure and perioperative outcome data 

Indication for use of machine perfusion was documented as previous 
cardiac surgery (6/12, 50%), donor age > 55 years (5/12, 42%), donor 
cardiac arrest (2/12, 17%), donor inotrope therapy (1/12, 8%), missing 
angiography (1/12, 8%) and reported donor heart ventricular hyper-
trophy (1/12, 8%), with multiple indications occurring in some cases. 

No technical issues occurred on any MP run. Hearts could be 
perfused in stable manner, reaching the targeted values of coronary flow 
and aortic pressure as shown in Fig. 1a. Lactate levels were taken from 
the arterial and venous lines regularly and reached 2.21 mmol/L and 
2.16 mmol/L respectively, showing lactate consumption by the heart 
(Fig. 1b). 

MP perfusion time was 295.75 min in median, reaching up to 406 
min, nonetheless leading to a cold/warm ischemia time of 82 ± 29 min. 
Heart allografts showed a median total out-of-body time of 377.75 min. 

All patients survived the procedure, five of the patients (41.7%) 

received temporary extracorporal life support (ECLS) for 6.6 ± 4.2 days. 
Reasons for support were subjective ventricular dysfunction (assessed by 
the implanting surgeon) and/or cumulative inotrope dependency > 0.4 
µg/kg/min. Liberal implementation of (ECLS) was favored as a strategy 
during the implementation of this new technique. 

All patients could be weaned from ECLS, and could be transferred 
from Intensive Care Unit after 34.75 ± 31.2 days. No patient died within 
the 30-day period (Table 2). 

3.3. Long term follow up 

The overall survival as shown in Fig. 2 was 75% over 3 years with the 
longest survivor having reached 1320 days (status on 01.03.2022) and is 
ongoing. 

No patient presented cardiac-related complications. Two patients 
developed abdominal ischemia and consecutive sepsis on day 50 and 
234, respectively, the first patient without having been discharged and 
under treatment in the cardiology department, the other after discharge 
and readmission with abdominal symptoms. The third patient was 
admitted from home after developing a severe respiratory infection with 
consecutive sepsis and died after 329 days. The other 9 patients are alive 
and in stable health condition. 

During follow-up, regular echocardiographic examinations and 
endomyocardial biopsy showed good cardiac function with left ven-
tricular ejection fraction of 57% in the mean and no severe rejection, 
with only one episode of 2R in one patient which was successfully 
treated with corticosteroids. Up to date, 67% of the recipients showed 
0R and 25% 1R (after guidelines of the International Society of Heart 
and Lung Transplantation).The follow-up data are shown in Table 2. 

3.4. Rejected heart allografts after MP perfusion 

Two donor hearts were rejected after MP perfusion. 

Case 1. The offer was accepted for a high urgent 46 year old male 
patient on LVAD. MP was planned due abnormal electrocardiography, 
missing coronary angiography and estimated time of ischemia > 4 h. On- 
site inspection revealed calcification in the left anterior descending 
coronary artery by digital touch, however retrieval and further evalua-
tion was decided because of good function by visual assessment. MP 
perfusion showed no substantial abnormalities, lactate levels staying 
stable (1.59 to 1.92 mmol/L in arterial and from 1.52 to 1.9 mmol/L in 
venous samples). Back at our centre angiography on MP was performed, 
revealing coronary artery disease with multiple stenosis of the left 
anterior descending coronary artery. The implanting surgeon finally 
rejected the heart considering the coronary disease. 

Case 2. The offer was accepted for a high urgent 66 year old male 
patient with amyloidosis. MP retrieval was planned due to age > 55 
years, inotropic therapy > 0.25 µg/kg/min norepinephrine and echo-
cardiography with suspected left ventricular hypertrophy and aortic 
valve insufficiency grade I. Initial start of MP showed a 45 min episode 
of ventricular fibrillation not responding to multiple (25 documented) 
defibrillation attempts; after 45 min the heart converted finally after 
defibrillation in sinus rhythm and was overpaced with 90 bpm. During 
the whole perfusion time the aortic pressure could not be stabilised, 
showing mean pressure of 62 mmHG. Lactate levels increased steadily 
from 1.59 to 4.2 mmol/L in arterial and from 1.52 to 3.9 mmol/L in 
venous samples. Left ventricle venting showed significant flow of blood, 
indicating a higher aortic valve insufficiency. Moreover, palpatory 
feeling indicated a relevant hypertrophy of the septum. The implanting 
surgeon finally rejected the heart considering the above mentioned 
irregularities. 

4. Discussion 

In this single center retrospective study, we demonstrated that the 

Table 1 
Donor and Recipients characteristics. All values are given in mean, with range in 
brackets or percentage in parentheses, n = 12. BMI: Body mass index, LV: left 
ventricular, ICM: Ischemic cardiomyopathy, DCM: Dilative cardiomyopathy, 
LVAD: left ventricular assist device.  

Donor 

Age (years) 54.3 [35–68] 
Sex Female 6 (50%) 
Height (cm) 172.1 [158–185] 
Weight (kg) 75.2 [52–100] 
BMI (kg/m2) 25.2 [19–31] 
Cause of death 10 (83.4%) 
Stroke or cerebrovascular event 

Hypoxia/Anoxia 
1 (8.3%) 

Trauma 1 (8.3%) 
Female donor to male recipient None 
Type of allocation  
Primary 8 (66.7%) 
Extended/Center Allocation 4 (33.3%) 
LV Ejection fraction (%) 59.6 [55.0–70.0] 
Donor Hemoglobin (g/dL) 10.2 [7.6–13.4] 
Cardiopulmonary resuscitation 2 (16.7%) 
Recipient 
Age (years) 49.2 [19–66] 
Sex Female 7 (58.3%) 
Height (cm) 166.7 [152–182] 
Weight (kg) 72 [49–112] 
BMI (kg/m2) 25.8 [20.1–33.8] 
Type of cardiomyopathy  
ICM 5 (41.7%) 
DCM 4 (33.3%) 
Other 3 (25%) 
On LVAD  6 (50%) 

High Urgent status 5 (41.7%) 
Pulmonary Hypertension 5 (41.7%) 
Diabetes 1 (8.3%)  
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introduction and use of donor heart machine perfusion was feasible and 
safe. Short term and intermediate term results are excellent and no early 
or midterm death due to cardiac causes occurred. In addition, by thor-
ough evaluation during donor organ perfusion, 2 borderline hearts were 
extracted from the transplant procedure due to contraindications un-
covered by organ perfusion. 

4.1. Introduction of the technique 

After theoretical training of the whole team including perfusionists 
and after surgical training on procurement and perfusion of pig hearts, 
the DSO (German Organ procurement organisation) was involved for 
transport and further logistics. In order to obtain the necessary donor 
blood for MP, donor management protocol was adapted to include a 
request of hemoglobine > 10 mg/dl at procurement time and explan-
tation teams informed other organ teams at arrival in order to manage 

retrieval in general agreement. 

4.2. Outcome 

In this collective, survival was 92% after 3 months and 75% after 3 
years. This is in accordance with international survival data showing a 
survival of 90% and 80% after 3 months and 3 years respectively [6], 
when taking in account the small collective and higher risk when using 
extended criteria allografts. Additionally, survival in Germany show 
lower rates when considering the german quality report 2020 with 73% 
survival after 3 years [15]. In summary, outcomes of heart trans-
plantation after MP are comparable to standard transplantation pro-
cedure with CS. 

4.3. Ischemia time and graft function 

Despite CS the anaerobic metabolism continues and myocardial 
injury occurs time-dependent, resulting in a doubled risk of early graft 
failure comparing 3 to 6 h of CS [16]. Furthermore, ischemia/reperfu-
sion injury after CS might lead to damage such as cardiac allograft 
vasculopathy (CAV) or myocardial scar formation with increased mor-
tality [17,18]. Current practice calls for an ischemic time of less than 4 h, 
however this is often exceeded due to transport or complex redo cases. 

In our cohort total ischemia time was 82 min in the mean, demon-
strating that very short ischemic times can be achieved with MP. The 
broad range of 47 – 147 min can be explained by different practices, 
reperfusing after anastomosis of left atrium/ aorta or reperfusing after 
the complete procedure. Considering a mean out of body time of 377 
min, these results emphasize the possibilities of mobile MP, in which 
donor hearts were perfused during transport and up to implantation for 
295.75 min in the mean, overcoming long range transportation and 
recipient preparation surgery in redo cases. These findings are in 
accordance with reports from others using MP [14,19,20], one center 
even reporting extension of MP up to almost 16 h, still with a reduced 
cold ischemic time of 68 min [21]. 

Ischemic times in our case series were considerable lower compared 
to international published data using CS, probably reducing primary 
graft dysfunction (PGD). This might be a reason why use of MP resulted 
in excellent short term posttransplant outcomes and a low rate of pri-
mary graft dysfunction. In our case series cardiac function and 30 
d survival was comparable to results from Chan et al. [20]. They found a 
trend towards higher rates of freedom from CAV using MP compared to 

Fig. 1. Data of MP. All values are mean ± standard deviation, total perfusion cases 12. A. Aortic pressure, heart rate and coronary flow. Aortic pressure and heart 
rate represented by the right y-axis, coronary flow by the left y-axis. B. Arterial/venous lactate concentration at start and end of perfusion. 

Table 2 
Perioperative outcome and Follow-up data. All values are given in mean, with 
range in brackets or percentage in parentheses, n = 12. OCS: Organ care system, 
ICU: Intensive care unit, MCS: mechanical circulatory support, EMB: Endo-
myocardial biopsy (after guidelines of the International Society of Heart and 
Lung Transplantation).  

Perioperative data 

OCS Perfusion (min) 295.75 [221–406] 
Out of body time (min) 377.75 [255–466] 
Cold/warm ischemia (min) 82 [47–147] 
Ventricular dysfunction/inotrope dependency requiring MCS 5 (41.7%) 
Time on MCS (days) 6.6 [1–13] 
Graft failure 0 (0%) 
ICU (days) 34.75 [6–112] 
30d mortality 0 (0%) 
Follow-up data 
Ejection fraction (%) 57.25 [50–64] 
EMB results (worst)  
2R 1 (8%) 
1R 3 (25%) 
0R 8 (67%) 
Overall mortality 3 (25%) 
survival days 50, 234, 329 
Cause of death  
Cardiovascular 0 
sepsis/abdominal ischemia 2 (16%) 
sepsis/respiratory 1 (8%)  
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CS. However, rate and type of rejection was not different. In our series, 
biopsies showed no or only minor rejection of the graft during follow-up, 
with only 1 rejection type 2R occurring in one patient, which after 
treatment with corticosteroids, caused no further complications. In 
another study Sato et al. [22] found no difference in intima thickening 
one year after heart transplantation after MP compared to a control 
group, with no signs of CAV or development of non-fatal major cardiac 
events being recognised. 

In our case series 60% of the patients had previous surgery and 50% 
were on mechanical assist. We found MP to allow for precise planning of 
surgery and for comfort to work without extreme time pressure for 
example in redo cases. Similar experiences were reported from Kaliyev 
et al. in MCS recipients [19]. 

The use of mechanical support with prolonged venoarterial ECLS in 5 
patients (41.7%) is to be seen as a strategic change in more liberal use of 
mechanical support in order to minimize postoperative heart allograft 
stress and inotropic support and therefore should not be considered as a 
postoperative complication in this study. 

4.4. MP in organ retrieval 

In 2020, 1344 potential organ donors were registered in Germany, 
resulting in 913 procurements. Out of these only 400 hearts were 
relayed to the allocation process, leading to 320 transplanted heart 
grafts [5]. These numbers underline the potential of standardized 
evaluation of all donor organs. 

Evaluation of the donor heart during a standard procurement is 
usually uneventful. However, when the donor is instable, procurement 
might be initiated without time for the evaluation of an organ, that is 
most dependent of acute management i.e. during blood loss, variations 
in electrolytes or blood pressure. These scenarios followed by CS forces 
the surgeon to make decisions relying what he get in the “black (ice-) 
box”. 

In contrast, MP enables standardized monitoring of aortic pressure, 
coronary blood flow, oxygen saturation and arterial/venous lactate 
concentration in consecutive, even online measurements under „labo-
ratory” conditions. Especially the consumption/production of lactate 
deducted from the difference of arterial and venous concentration can 
serve as useful surrogate parameter of cell damage [14]. Additionally, 
MP allows for visual assessment and for angiography in order to assess 

coronary anatomy and pathology during perfusion when deemed 
necessary [23]. In our series we had one unstable donor, one missing 
coronary angiography and 7 estimated ischemic times exceeding 4 h 
when taking in account transportation and preparation time of redo 
cases. 

In regard to performance of MP, perfusion pressure and metabolic 
parameters were stable during the perfusion time. Coronary flow and 
aortic pressure are important values and need to be maintained in a 
target range (mean aortic pressure between 60 mm Hg and 90 mm Hg, 
and coronary blood flow between 650 mL/min and 850 mL/min). 
Compared to data presented in the PROCEED II trial [14], our haemo-
dynamic as well as metabolic values in MP donor hearts were compa-
rable, showing consumption of lactate and values less than 5 mmol/L in 
the perfused hearts. Furthermore, reconditioning measures such as 
adapting the perfusion pressures, when applicable, were applied. The 
EXPAND trial has already reported the use of hearts with extended 
donor criteria (EDC), transplanting 75 of 93 identified EDC hearts suc-
cessfully with excellent results and leading to an utilization rate of 81% 
[7], Garcia et al reporting 86,7% in a study using machine perfusion in 
heart transplantation with an adverse donor/recipient profile [24]. Our 
results show a comparable utilization rate of 86% directly after intro-
duction and confirm the possibilities of MP. Furthermore, MP can be 
used to resuscitate and assess hearts in the setting of donation after 
circulatory death (DCD) in the countries allowing this type of donation, 
leading to excellent results and utilization rates as demonstrated 
experimentally [25] as well as clinically [26], increasing the donor pool 
with comparable results to donation after brain death (DBD). This is 
particularly interesting since DCD donors are expected to become a 
major source of heart donation, accounting for one third of the heart 
transplant activity in some experienced centers [26]. 

Further clinical and experimental studies should be performed to 
assess additional evaluation parameters, since ex vivo perfusion allows 
for sampling during the whole procedure. Biomarkers in the perfusate, 
further cardiac imaging procedures and even biopsies may lead to a 
more sophisticated method of assessment of the perfused graft with 
predictive data quality [27,28]. Kaliyev et al. reported of better 
myocardial protection using blood cardioplegia instead of Custodiol 
cardioplegia during explantation [29]. Finally, therapeutic possibilities 
have to be explored in order to progress from organ reconditioning to 
organ repair [30]. 

Fig. 2. Kaplan-Meier plot of 3 year survival after heart transplantation (n = 12).  
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4.4.1. Discarded organs 
No organ was declined or discarded because of technical issues. Two 

donor hearts after MP were declined for further transplantation. We 
consider these cases as an expression of a new dimension of decision- 
making. The continuous metabolic and functional assessment of the 
donor heart together with short ischemic times broadens confidence 
when finally accepting an organ and allows, on the other hand to un-
cover pathological findings in donor hearts that would have been 
otherwise accepted by present standards. Therefore, evaluation under 
standardised conditions up to final acceptance by the implanting sur-
geon such as in MP might be of great advantage. 

5. Strengths and limitations 

Our study is strong for thorough data collection and completeness of 
data. In addition a protocol for prospective data collection was used. No 
patient was lost to follow up and all patients will be followed in the 
future for further reports. 

However several limitations of this study have to be considered, 
when interpreting the results. First the retrospective single center design 
that describes an institutional experience. Second the results may be 
influenced by center-specific protocols, techniques and geographic 
variables during organ retrieval in different hospitals. Thirdly. patients 
were inhomogeneous due to different indications and age groups. 

5.1. Conclusion 

Ex vivo normothermic MP during organ procurement is a safe and 
promising technique allowing for good outcomes after heart trans-
plantation. Control and Reduction of cold ischemic time while providing 
standardized donor heart assessment and potential reconditioning shall 
increase the number of acceptable donor hearts. Clear guidelines 
regarding the application of MP have to be developed in order to sift out 
donor hearts that benefit from MP. 

This retrospective study did not receive any grants or funding and 
was approved by the local Ethics Committee (21-10062-BO). 
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