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Objective: comparative analysis of long-term outcomes following heart transplantation (HT) with prolonged and 
short cold ischemia. Materials and methods. We analyzed the data of 29 orthotopic HT with >4 hours of cold 
ischemia. The transplant surgery was performed at Meshalkin National Medical Research Center between 2013 
and the present time. Organs were obtained from donors from other regions. The control group consisted of 29 HTs 
with cold ischemia <4 hours, performed in the same period. The minimum distance between the transplant center 
and the donor base was about 250 km (Barnaul); the maximum distance was about 850 km (Krasnoyarsk). Reci-
pient survival and postoperative peculiarities were analyzed. Results. In-hospital survival in the prolonged cold 
ischemia group was 89.7% (n = 26) with 3 deaths (10.3%). In the second group (<240 min), in-hospital survival 
was 79.3% (n = 23) with 6 (20.7%) deaths. The Kaplan-Meier survival analysis showed no difference between 
the groups (Log-Rank Test, P 1/4 0.59). In addition, cold ischemia time did not increase the risk of graft rejection 
and the risk of transplant coronary artery disease (TCAD). Conclusion. HT with cold ischemia >4 hours did not 
have worse outcomes than in short graft ischemia. This provides grounds for further accumulation of experience 
in the use of heart donors from remote locations.
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inTrOducTiOn
Today, more and more people are in need of heart 

transplantation due to progression and decompensation 
of chronic heart failure (CHF) [1]. The low level of or-
gan donation and critical shortage of donor pool remain 
a stumbling block for organ and tissue transplantation 
in Russia. Despite some recent improvements, Russia 
is still very far from the leading positions in the organ 
donation ranking. A large number of regions are not in-
volved in the organ donation and transplantation program 
at all. The real level of development of organ donation 
and transplantology depends only on a few regions; in 
most of the rest, there are single organ transplants [2]. 
This necessitates the search for optimal use of unclaimed 
organs from regions with poorly developed organ donati-
on. The use of organs from remote regions is related to a 
number of limiting factors associated with the difficulty 
of assessing the quality of the donor heart, longer trans-
portation, logistics difficulties and, of course, prolonged 
ischemia time. It is well known that prolonged cardiac 
ischemia is accompanied by high risk of graft dysfunc-
tion and high mortality [3]. According to the Russian 

national HT guidelines, cold ischemia >4 hours is a risk 
factor for impaired myocardial function, and only young 
donors should be considered when using hearts with 
prolonged ischemia time [4]. In available publications, 
there is no consensus on a particular safe cold cardiac 
ischemia threshold; there is also no agreement on the 
criteria for selection of donors and recipients for longer 
transportation.

Currently, there are no clear criteria that would help 
to reliably say that longer cold ischemia time can lead to 
mortality; risk factors have not been studied. The paper 
presents an analysis of the experience of Meshalkin Na-
tional Medical Research Center. The specifics of donor 
service involve constant interaction with neighboring 
regions and longer transportation of donor hearts.

maTerialS and meThOdS
A retrospective analysis of 58 heart transplants per-

formed between July 20, 2012 and October 23, 2019 
was carried out. Patients were divided into two groups 
depending on cold ischemia time. The first group of the 
study consisted of 29 recipients who underwent ortho-
topic HT with cold ischemia time >240 minutes, the 
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second group – 29 recipients with short cold ischemia 
time (<240 minutes). Baseline data of the recipients are 
presented in Table.

Mechanical circulatory support (VAD) as bridge to 
transplantation was performed in 8 group 1 patients 
(27.6%) and 3 group 2 patients (9.6%). Extracorporeal 
membrane oxygenation (ECMO) as a bridge to OHT 
was performed in 4 group 1 patients (13.7%) and two 
group 2 patients.

Prolonged graft ischemia was as a result of longer 
transportation from neighboring regions: Kemerovo Ob-
last, Krasnoyarsk Krai, and Altai Krai. Transportation 
from Kemerovo Oblast and Altai Krai was on official 
vehicles (cars); Transportation from Krasnoyarsk Krai 
was by civil aviation.

Selection criteria for postmortem donors were stan-
dard. In all cases, single-group transplants were per-
formed taking into account donor/recipient matching 
by constitution. The gender distribution of donors did 
not differ significantly. Donors with inotropic support 
>20 mg/kg/min (dopamine or dobutamine) or similar 
doses of other adrenergic drugs, despite aggressive opti-
mization of pre- and postload, were not considered. The 
median age of donors in the prolonged ischemic group 
was 40 (34–46) years, in the short ischemic group 43 
(40–51) years. Criteria for donor heart evaluation were 
standard, expanded criteria donor were not considered. 
The harvesting technique and method of heart preserva-
tion were standard.

A bicaval approach was used for OHT. To assess vo-
lumetric characteristics of the recipient heart after trans-

plantation and pulmonary artery pressure, all patients 
underwent follow-up transthoracic echocardiography 
(EchoCG) immediately after surgery, at day 5–10, and 
month 1 after surgery. The risk of donor heart rejection 
was also analyzed based on endomyocardial biopsy re-
sults according to the recommended ISHLT WF 2004 
classification (International Society for Heart and Lung 
Transplantation – working formulation, 2004).

Overall recipient survival was taken as the primary 
endpoint. Maximum follow-up period was 137 weeks 
in the long graft ischemia group and 124 weeks in the 
short graft ischemia group. Inotropic index values at 
the time of disconnection from the heart-lung machine, 
differences in the frequency of graft dysfunction and the 
need for mechanical circulatory support in the periope-
rative period, graft rejection, as well as risk factors of 
postoperative complications were also analyzed.

Taking into account small sample size and non-nor-
mal distribution (according to Shapiro–Wilk test), data 
were presented as median, 1st, 3rd quartile. Nonparame-
tric statistical criteria were used: Mann–Whitney U test 
for comparison of independent samples. Single-factor 
regression analysis was used to identify predictors of 
mortality.

STudY reSulTS
duration of inotropic support

Primary graft dysfunction and the need for continu-
ed mechanical circulatory support in the postoperative 
period was observed for only 4 patients (15.4%) in the 
prolonged graft ischemia group and 3 patients (11.5%) 
in the short cold ischemia group (Fig. 1). These patients 
underwent peripheral ECMO cannulation. The level of 
inotropic support at the time of circulatory arrest was 
represented by the inotropic index, with no significant 
difference between the two groups (p = 0.13) (Fig. 2). 
Median inotropic index was 8 (4–14.75) in group 1 and 

Table
Patient characteristics

Characteristics Group 1 
(>240 min)

Group 2 
(<240 min)

Age, years 42 [33–51] 47 [36–50]
BMI (kg/m2) 24.8 [23.3–31] 26.4 [22.4–29.5]

Gender
Men 20 (69%) 27 (93.1%)
Women 9 (31%) 2 (6.9%)

Diagnosis
DCM 25 (86.2%) 15 (51.7%)
ICM 3 (9.6%) 12 (37.9%)
HCM 0 1 (3.4%)
Rheumatism 0 1 (3.4%)
CHD 1 (3.4%) 0
Cold myocardial 
ischemia time, min

350 [300–390] 
(240–456)

165 [150–180] 
(135–240)

Urgency status (UNOS)
1a 3 (10.3%) 2 (6.9%)
1b 5 (17.2%) 2 (6.9%)
2 21 (72.4%) 25 (86.2%)
LVAD 6 (20.6%) 3 (10.3%)
ECMO 4 (15.4%) 2 (6.9%)

Fig. 1. Need for ECMO in the postoperative period in the 
study groups
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Fig. 2. Inotropic score in the study groups

6.75 (3.25–8) in group 2. Total duration of inotropic sup-
port was slightly longer in the prolonged graft ischemia 
group (p < 0.05) (Fig. 3).

In-hospital survival in the prolonged cold ischemia 
group was 89.7% (n = 26) with 3 deaths (10.3%). Mor-
tality structure in the prolonged cold ischemia group 
was as follows: 1 patient died from primary graft dys-
function and 2 patients died from initial severe condition 
(desperate surgery), IA(UNOS) (Fig. 4). In one case, 
death was caused by severe right ventricular failure after 
switching off ECMO. In the other case, intraoperative 
massive diffuse bleeding against coagulopathy, which 
was caused by extremely severe pre-transplant condition 
of the recipient. In the second group (<240 minutes), 
in-hospital survival was 79.3% (n = 23) with 6 (20.7%) 
deaths, respectively. The mortality structure is shown in 
Fig. 5. The causes of mortality were acute rejection, graft 
dysfunction, ischemic stroke, hospital-acquired pneumo-
nia, and tricuspid regurgitation (TR). Thus, 1 patient in 
each group died from primary graft dysfunction in the 
early postoperative period. The Kaplan–Meier survival 
analysis showed no difference between the groups (Log-
Rank Test, P 1/4 0.59) (Fig. 6).

In the long-term postoperative period, 3 patients from 
the short graft ischemia group died of unknown causes, 
1 died due to severe TR after iatrogenic damage to the 
tricuspid valve chordal apparatus during myocardial bi-
opsy, 2 patients died due to severe coronavirus infection, 
1 died from abdominal infection (Fig. 5). In the prolon-
ged cold ischemia group, 1 patient died of unknown Fig. 3. Duration of inotropic support in the study groups

Fig. 4. Mortality patterns in the prolonged graft ischemia group

causes, 1 died from progression of cancer at month 1 and 
3, respectively. In the mid-term and long-term, 1 patient 
died from cancer, 4 patients died from COVID-19.

In the mid- and long-term period, significant TCAD 
was detected in 3 patients from the prolonged ischemia 



82

RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS Vol. XXV   № 1–2023

Fig. 5. Mortality patterns in the short graft ischemia group

Fig. 6. Recipient survival for the entire follow-up period (months). Log-Rank Test (Spreadsheet1) WW = –1.376 Sum = 
21.231 Var = 5.4010 Test statistic = –0.592046 p = 0.55382

group and in 6 patients from the short ischemia group 
(Fig. 7).

When analyzing the frequency and degree of acute 
cellular rejection in the study groups in the first 30 days 
after transplantation based on the classification of the 
International Society for Heart and Lung Transplantation 
(ISHLT, 2004), it was shown that cold ischemia time 
had no adverse effect on HT outcomes in the 30-day 
follow-up period. The study groups of recipients were 
characterized by a dominant mild rejection (G1R), which 
did not require radical adjustment of immunosuppressive 
therapy.

diScuSSiOn
Despite active development of perfusion technolo-

gies and attempts to optimize the organ donor pool, the 
issue of the use of expanded criteria heart donors and, in 
particular, hearts with prolonged cold ischemia, remains 
relevant [5].

Given the fact that in a number of cases, donor hearts 
from expanded criteria donors were implanted in urgent 
recipients after longer transportation, the initial severity 
of patients in the study group was slightly higher than in 
the comparison group. Two deaths were related specifi-
cally to the terminal state of the recipients, for whom HT 
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was performed as a desperate surgery. However, it did 
not lead to higher mortality in the prolonged ischemia 
group. Some authors single out prior mechanical support 
as a risk factor for adverse outcome [6].

Undoubtedly, modern realities contributed to the 
course of the post-transplant period. A total of 6 people 
in both groups died due to COVID-19 complications. 
Despite the fact that 4 people died from COVID-19 in 
the prolonged ischemia group and two in the comparison 
group, we did not obtain a significant difference in reci-
pient survival in the groups. Analysis of one of the main 
potential negative factors of prolonged ischemia, primary 
graft dysfunction requiring mechanical circulatory sup-
port, also showed no advantage of short graft ischemia.

One of the identified consequences of the negative 
impact of prolonged donor heart ischemia was the du-
ration and higher doses of inotropic support in the early 
postoperative period.

Unfortunately, we were unable to determine the 
threshold of safe cold ischemia time, probably because 
of the small sample of observations.

Available reports contain a lot of data on the adverse 
effect of cold ischemia >240 minutes on transplant out-
comes. Similar results were obtained by authors from 
Spain, who analyzed HT outcomes in 17 centers in 
Spain for 2008–2018. They concluded that cold ischemia 
>4 hours has an adverse effect on 1-month and 1-year 
mortality [5].

In analyzing 317 heart transplant outcomes, a group 
of authors from the United States determined that each 
hour of cold ischemia increases the risk of primary graft 
dysfunction 1.8-fold [6].

Undoubtedly, there are a number of reports showing 
that HT with graft ischemia >300 minutes or more is 
possible.

Scientists from the USA have established that HT 
with cold ischemia >5 hours is accompanied by worse 
survival in the presence of such risk factors, ECMO and 
dialysis in the preoperative period, diagnosis of ische-

mic cardiomyopathy, as well as when using group 0(I) 
donors [7].

Authors from Botkin Hospital and the Shumakov Na-
tional Medical Research Center of Transplantology and 
Artificial Organs distinguish between optimal (<180 mi-
nutes) and prolonged (>240 minutes) cold ischemia time. 
The threshold value is considered to be 300 minutes; in 
the presence of risk factors (advanced age, high doses 
of inotropic support, etc.), this threshold should not be 
exceeded [8].

Through analysis of 323 HT outcomes, the safe cold 
ischemia threshold for HT was established at ≤300 mi-
nutes [9].

An interesting analysis of the outcomes of 25,996 HTs 
(UNOS) was performed by authors from the USA. Pati-
ents were stratified by distance between the transplan-
tation center and the donor base. 134 transplants were 
performed with a long transport of more than 1,500 miles 
and cold ischemia time of 7.5 hours. There was no signi-
ficant difference in 1-year and 5-year survival between 
the groups [10].

Analysis of literature data is hampered by the hete-
rogeneity of studies – different geography, principles of 
organ distribution, peculiarities of individual centers, 
and experience.

Despite the external factors influencing data analysis, 
as experience is gained, taking into account the peculi-
arities of the organ donation system in Siberian Federal 
District, the immediate and long-term outcomes of HT 
with prolonged cold ischemia are comparable with HT 
outcomes with ischemia <240 minutes. Obviously, the 
use of donor organs with prolonged cold ischemia has 
its own inclusion and exclusion criteria and risk factors. 
However, a clear algorithm for using this donor cate-
gory, which will take into account all possible features 
of the regions and individual transplantation centers, is 
required.

cOncluSiOn
HT with cold ischemia >4 hours did not show worse 

HT outcomes than short graft ischemia. Given the small 
experience, we were not able to identify the ischemic 
threshold and mortality predictors. However, survival 
after heart transplantation with prolonged cold ischemia 
provides grounds for further accumulation of experience 
in the use of heart donors from remote regions.
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