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Abstract 
Introduction: Donor heart shortage limits heart transplantations programs while the 
number of patients waiting for cardiac transplant continues to increase. Optimizing the 
use of all available donor hearts is a vital key to reduce waiting list mortality. Among 
different extended criteria, prolong cardiopulmonary resuscitation (CPR), i.e. more 
than 20 min, has been considered under doubt to be a selection criterion in donor 
selection. The aim of this study was to compare the outcomes of heart transplantation 
from cardiopulmonary-resuscitated donors to those who received hearts from donors 
who did not require cardiopulmonary resuscitation. 
Methods: This study was a retrospective analysis of adult heart transplantation 
program in Masih Daneshvari Hospital in Tehran, Iran from 2010 to 2019. Donors and 
recipients’ demographics, cause of end-stage heart disease and brain death, duration of 
hospitalization for both donors and recipients and also the duration of cardiopulmonary 
resuscitation and other factors related to it were investigated. Qualitative variables were 
compared using Chi-square test. Quantitative variables were compared using T-test. 
Patient and graft survival rates were calculated using the actuarial method and 
compared using Wilcoxon's test. 
Results: Among 92 recipients, 39 were transplanted with cardiac grafts from CPR-
suffering donors. There were no significant differences regarding sex, age, donor and 
recipient hospitalization periods, early rejection and 1-year-survival rate considering 
CPR and non-CPR grafts. However, we detected a strong negative correlation between 
the duration of CPR and 3-year-survival rate (P = 0.02 and R-value = -0.62) and also its 
association with post-transplant arrhythmias (P = 0.04). 
Conclusion: There is a negative possible influence of long-lasting CPRs (especially 
more than 20 minutes) in midterm survival and post-transplant complications. 
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INTRODUCTION

For end-stage cardiac diseases, heart transplantation is 
the last therapeutic option with promising results. In this 
regard organ shortage limits this treatment; according to 
the Eurotransplant standards only 67% of allocated 
hearts were eventually used for transplantation [1]. 

Now, there is a dramatic increase in the number of heart 
transplant centers and lack of standardized donor 
selection criteria, lead to extend donor criteria [2, 3]. 
Likewise, pretransplant mortality has been reduced. 
However, along with reducing waiting list time, patient 
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survival is challenging. Recently change in acceptable 
heart donor age, virology profile and other risk factors 
are some strategies for organ shortage [4-6]. Besides, 
successful animal model of heart transplantation from 
cardiac death along with cardiac tissue engendering are 
other approaches in the future but now the only 
available treatment for patients on the waiting list is 
transplantation [7].  
Generally, long cardiopulmonary resuscitation (CPR), 
(more than 30 min) [3], induces myocardial injury and 
may affect graft survival. Although in a study published 
in 2014, Kevin W. Southerland et al. showed no adverse 
effect regarding CPR on cardiac transplantation. In their 
study among almost 20000 cardiac recipients, 4.2% 
obtained CPR-suffered heart and 10-year survival rate 
between CPR and non-CPR heart groups was not 
considerably different [8]. Likewise in another study, 
the rate of CPR donor heart was 4.7% among 29240 
recipients and recipient graft survival was the same over 
5-year follow-up [9]. 
Moreover, regarding CPR duration, Cheng et al. stated 
that it does not affect transplant survival according to 
UNOS database of more than 1700 recipients [10]. 
However, more than 30% of the experts in the field of 
cardiac donor selection, agree with excluding a donor 
heart with a history of CPR duration more than 30 
minutes [3]. 
The first heart transplantation in Iran was performed in 
1994. Now there are 10 active heart transplant centers 
and more than 120 transplants were performed in 2018. 
The acceptance rate of offered heart was 21.32% in 2011 
and reached 36% in 2018 [11]. Hence, the aim of this 
study was to compare the outcomes of heart 
transplantation from cardiopulmonary-resuscitated 
donors to those who received hearts from donors who 
did not undergo cardiopulmonary resuscitation before. 

METHODS 

This study was a retrospective analysis of adult heart 
transplantation program in Masih Daneshvari Hospital 
in Tehran, Iran from 2010 to 2019. In our Organ 
Procurement Unit (OPU) after final confirmation of 
brain death using ancillary tests, the quality of organs for 
transplant is assessed according to the protocols 
established by the authorities of the Iranian Ministry of 
Health. In case of ideal or acceptable marginal heart, 
cardiac allocation would be performed to identify the 
proper recipient.  

Study Population 
Patients who underwent cardiac transplantation from 
both genders and in any age were included in the study. 
The recipient population was divided into 2 groups; 
CPR donor group and non-CPR donor group. Re-
transplant participants, kidney-heart transplants and 
mortalities at operating room were excluded from the 
analysis. Donors and recipients’ demographics, cause of 
end stage heart disease and brain death, duration of 

hospitalization for both donors and recipients and also 
duration of cardiopulmonary resuscitation and other 
factors related to it were compared. Immediate and 
medium-term (up to 3 years after transplant) survival 
rates were calculated. All procured hearts were 
harvested and preserved by a uniform method. This 
study was approved by the ethical committee of 
National Institute of Tuberculosis and Lung Diseases 
(IR.SBMU.NRITLD.REC.1398.034).  

Statistical Analysis 
Data was gathered and analyzed using SPSS 22 
(Statistical Package for the Social Sciences, Chicago, IL, 
The USA). Continuous variables were expressed as a 
mean ± standard deviation and analyzed using a 2-
sample T-test. Qualitative variables were presented as 
percent and analyzed using Chi-square test. Significance 
level was considered as P value less than 0.05. Survival 
rates of recipients were compared at 1 to 3 years post-
transplant using Kaplan-Meier and log-rank test. 

RESULTS 

From 2010 to 2019, 1720 brain death donors were 
transferred to our OPU with different brain dead cause. 
Seven hundred and twenty-two (42%) of donors were 
trauma induced brain death. In total, 24% of procured 
hearts were suitable for donation and 42.3% of them had 
the history of CPR. The Average number of times that 
the donors underwent CPR in CPR-positive group was 
1.2 with the range of one to 5 times, and accumulative 
time was 38 minutes. In total, 13.43% of CPR donors 
required cardiogenic shock to be stable. 
In total, 92 recipients were followed, of which 39 were 
transplanted with cardiac grafts from CPR-suffering 
donors. There were no significant differences regarding 
sex, age, donor and recipient hospitalization periods, 
early rejection and 1-year-survival rate considering CPR 
and non-CPR grafts. However, we detected a strong 
negative correlation between duration of CPR and 3-
year-survival rate (P = 0.02 and R-value = -0.62) and also 
its association with post-transplant arrhythmias (P = 
0.04) (Table 1). 

DISCUSSION 

Our study indicated no statistical difference in one-year 
survival between CPR and non-CPR grafts. Although 3-
year graft survival was significantly lower in CPR donor 
group. Due to recent efforts to improve donor hearts 
usage and to standardize what should be considered as 
extended criteria donor, some researches have used the 
UNOS database to examine the impact of donor CPR 
duration on transplant survival and outcomes. Their 
analysis indicated no adverse effects of presence and 
duration of donor CPR even more than 30 minutes on 
either short-term or long-term survival rates [12, 13]. 
Our donors were procured from one single center while 
heart recipients were from four different heart transplant 
centers. In our study long ischemic time (more than 4 
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hours in heart transplantation) [14] was correlated with 
lower 3-year patient survival. Therefore, it seems that 
along with expansion of our donor criteria, in case of 
history of long CPR (more than 20 minutes), [3] we 
should justify our allocation policy to pass over 
comorbidities such as long ischemic time. 
Also, in CPR donors, in addition to CPR duration, the 
number of resuscitation occurred for a donor is 
important. In Iran brain dead donors are transferred 
from other hospitals to our OPU to undergo ethical and 
legal procedures related to donation. Adverse events of 

intra-hospital transfer including transient ventilator 
disconnection, decrease of PaO2 to FIO2 ratio and poor 
donor management in the primary hospital before 
transferring the donor, are some confounding factors 
[15]. Consequently, performing some strategies to 
reduce the risk factors related to heart donation 
including biomarkers assessment to evaluate potential 
CPR positive donors, reducing ischemic time or ex-vivo 
perfusion of hearts for transport might improve cardiac 
transplantation outcomes [16]. 

 
Table1. Donor and Recipient Characteristics and Transplantation Outcome 

 Control Group (N = 53) CPR Group (N = 39) P Value 

Donor age, y 29.7 ± 11.2 31.7 ± 7.4 NS 
Recipient age, y 32.5 ± 8.7 37.3 ± 7.5 NS 
Male sex 32 (60.3) 29 (56.4) NS 
Brain death Caused by trauma 30 (56.6) 23 (58.9) NS 
Intubation days 4.8 ± 6.2 4.6 ± 5.3 NS 
Smoking history, PY 1 ± 0.5 1.1 ± 0.7 NS 
Arterial Blood pressure, mmHg 92.2 ± 7.3 89.9 ± 6.9 NS 
Central Venous Pressure 9.7 ± 3.4 10.8 ± 3.1 NS 
Early rejection episode 30 (56.6) 18 (46.1) NS 
Duration of CPR (altogether), min - 38 ± 28 - 
1-year-survival 47 (88.6) 34 (87.1) NS 
3-year-survival 40 (77.3) 26 (66.6) P = 0.04 
Post-transplant arrhythmias 34 (64.1) 24 (61.5) NS 

Data in table are presented as Mean ± SD or No. (%) 
NS = not significant; PY: peak per year; CPR: cardiopulmonary resuscitation 

 
In the study conducted by Quad et al. the mean duration 
of CPR was 20 minutes [9] while our donors 
experienced longer CPR (38 min) with 3-year survival 
rate of 66.6%. In the report from the American Society 
of Transplantation Conference in 2017, 20% of cardiac 
transplant scientists believe to exclude heart donors with 
CPR duration more than 20 minutes [3]. Now, heart-
donor selection is based on numerous factors including 
hemodynamic status, echocardiographic parameters, 
catheterization results, pressor requirements, gross 
evaluation at operating room, etc. We suggest more data 
analysis to compare transplant outcomes donated from 
extended criteria and cost-benefit studies regarding this 
strategy to increase the number of transplant organs. We 
hypothesize that our pre-transplant mortality is superior 
to post-transplant mortality in CPR group. 
Our study had some limitations corresponded to pre-
transplant condition and waiting time on the transplant 
waiting list. Sometimes recipient teams accept marginal 
donors for patients in an urgent condition. So, from this 
point of view, CPR heart recipients are in a poor 
condition at the time of transplant. Moreover, the study 
lacks the doses of inotropes used to stabilize 
hemodynamic status of donors. 
In conclusion, beyond international standardized 
criteria, the final decision for donor selection should be 
based on local conditions.  
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