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Abstract

Objectives

The choice of the cardiac preservation solution for myocardial protection at time of heart
procurement remains controversial and uncertainties persist regarding its effect on twy and
midterm heart transplantation outcomes. We retrospectively compared dult® heart
transplantations performed with two different solutions, in terms of h@) ality, mid-

term survival, inotropic score, primary graft dysfunction and rejectign sc

S
S

From January 2009 to December 2020, 154 conseguti art transplantations of adult patients,

followed up in pre- and post-transplantation b E)%;ferent tertiary centers, were performed

at the University Hospital of La e, itzerland. From 2009 to 2015, the cardiac
A

St-Thomas, whereafter an institutional decision was

preservation solution used was %
made to use HTK-Custodi@/. tients were classified in two groups accordingly.
Results &

There w@pa lents in the St-Thomas group and 79 patients in the HTK-Custodiol group.
The ups were comparable in terms of preoperative and intraoperative characteristics.
Postoperatively, compared to St-Thomas group, the Custodiol group patients showed
significantly lower inotropic scores [median (interquartile range): 35.7 (17.5-60.2) vs. 71.8
(31.8-127), p<0.001], rejection scores [0.08 (0.0-0.25) vs. 0.14 (0.05-0.5), p= 0.036] and 30-
day mortality rate (2.5% vs. 14.7%, p=0.007) even after adjusting for potential confounders.

Microscopic analysis of the endomyocardial biopsies also showed less specific histological
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features of subendothelial ischemia (3.8% vs. 17.3%, p=0.006). There was no difference in
primary graft dysfunction requiring postoperative extracorporeal membrane oxygenation. The
use of HTK-Custodiol solution significantly improved midterm survival (Custodiol vs St-

Thomas: HR=0.20, 95%Cl: 0.069 -0.60, p=0.004).

Conclusion

This retrospective study comparing St-Thomas solution and HTK-Custod] yocardial

protection during heart procurement showed that Custodiol improve s after heart

transplantation, including postoperative inotropic score, rejection score, 80-day mortality and

&,
O
S

midterm survival.

20z 2unp 0 uo 1senb Aq 0/2789//€609EAISIAEE0L " 01/10P/3I0NE-90UBAPE/SIADI/L0Y"ANO"OILISPEDE//:SARY WO PAPEOIUMOQ



125

126
127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

Introduction

Over the last decades, Heart Transplantation (HTx) has become the gold standard of care for
well-selected end-stage heart disease patients[1]. Nowadays, HTx still remains the treatment of
choice despite the increasing number of Continuous-Flow Mechanical Circulatory Support
(CF-MCS) devices and their favorable results in different clinical settings[1].

Successful organ preservation is a key element of transplantation since its goal is‘to maintain
the viability of the organ until its implantation into the recipient. Two issue& mportant in
this process: the type of preservation solution used to obtain the diastoli arrest and the
duration of the cold ischemic storage. The duration of the latter limited to 4-6 hours,
and it is well known that longer preservation data alter outco %although ischemic times
as long as 13 hours have been reported[3]. In t ective, the 2017 registry of the
International Society for Heart and Lung T, n%tion (ISHLT) reported that allograft
ischemic time between 2 and 4 hours is ass ith considerably higher survival and better

e of more than 4 hours[4]. More than one hundred

eloped and applied worldwide, but there is no consensus

early outcomes than allograft isc

preservation solutions[2] havé'b

on the choice to use Qc Préservation Solution (CPS), and uncertainties persist regarding

its effect on earl %ﬁ

The goal is work was to report our two-center (University Hospital of Lausanne and

erm HTx outcomes, including a potential survival benefit.

Universi itals of Geneva, Switzerland) experience of HTx over a period of 12 years with
two\&;lt CPS (St-Thomas and HTK-Custodiol). Based on unchanged patient profiles in the
cohort of HTx recipients, we investigated the impact of these two CPS on hospital mortality
(30-day mortality) and mid-term mortality, inotropic score, primary graft dysfunction requiring

Extracorporeal Membrane Oxygenation (ECMO) and one-year post transplant rejection score.
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Methods

From January 2009 to December 2020, 165 consecutive HTx for end stage heart failures from
all etiologies were performed in our institution (Lausanne University Hospital, Switzerland).
The patients were followed-up pre- and post-operatively by two different tertiary centers,
respectively Lausanne University Hospital and Geneva University Hospitals, Switzerland.
After excluding patients under 18 years of age, the study population included 154 adﬁ%ients.
From 2009 to 2015, the cardiac preservation solution used was exclusi St-Thomas,
whereafter the institution made a decisive switch to HTK-Custodiol o . patients were
classified in two groups according to the solution used, St-Tho%nHT -Custodiol.

The study was approved by the Ethic Committee of Q

(Switzerland) in March 2018 (CER-VD2019-704) a

ne University Hospital
orough scrutiny of the study

protocol as well as an analysis of a sample of patﬁ?& the study population. We requested
nts

and obtained a written informed consent f I

Operative strategy @:

During organ procurem &administration varied according to the type of CPS used. HTK-
Custodiol was perfls the dose of 30 ml/kg (of donor body weight) to achieve a total
infusion time ©f 7 mindtes. St-Thomas was administered at the dose of 20ml/kg (of donor body
Weight).@r groups, topical cooling with ice-slush was also employed during harvest and
trans% allograft ischemic time exceeded 150 min, 500 ml of CPS were re-administered
upon graft arrival in the operating room (St-Thomas or HTK-Custodiol depending on the first

solution administered).

Clinical evaluation and follow-up data
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Patients’ demographic and clinical data recorded prior to surgery by the physician in charge
were retrieved from electronic patient records without alteration. Operative, in-hospital
postoperative and follow-up data were collected by the intensive care team and the heart failure
cardiologists in charge of the patient from the time of the surgery. Primary outcomes of interest
were hospital vasoactive inotropic score (VIS), rejection score, primary graft dysfunction
requiring ECMO, and 30-day mortality. Overall mid-term survival was considered z&ndary

outcome. Q
N

The ISHLT histological rejection score [5] was obtained by endomyc?a~ jopsies every
week for the first month, every 2 weeks for the next 6 weeks, monthly Biopsies for 3 to 4
%ion score was calculated

ardial biopsies. The VIS score

months, and every 3 months until the end of the first year.

as the average of the scores obtained from the first five
was calculated according to Gaies et al. [6] formula,Nas a predictor of poor outcomes after
cardiac surgery (death, cardiac arrest, .nee ?:echanical circulatory support, renal
replacement therapy and/or neurologieahinjury) [6]. Hourly doses of all vasoactive medications
were recorded and the maximu Qach medication through the first 48h carefully noted.
The first three post-transplantation endomyocardial biopsies were analyzed in search of
histological features” offSubendothelial ischemia to evidence potential ischemia reperfusion

injuries. The ia graft vasculopathy was also scrutinized one year after the surgery.

Stati ethods

Results were expressed as mean and standard deviation (SD) for quantitative variables or
median and interquartile range (IQR) for non-normally distributed variables. Frequency tables
(numbers and percent) were used for summarizing categorical data. Normality of distributions
was assessed by the Shapiro-Wilk test. A log-transform was used to normalize non-normal

distributions (VIS, waiting time). For quantitative variables, groups (St-Thomas vs. HTK-
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Custodiol) were compared by the Kruskal-Wallis test while the chi-squared test for qualitative
variables. Multiple linear regression was used to assess the relationship between a quantitative
outcome and several covariates. For a binary (ordinal) outcome, (ordinal) logistic regression
was applied to the data. Results were expressed as regression coefficient or odds ratio (OR)
with 95% confidence interval (95%CI). The E-value was estimated to measure the effect of
potential hidden biases on the association between the exposure (CPS) and outco (30 day
mortality). A high E-value suggests that uncontrolled confounders have to be%gly related
to exposure and outcome to completely explain the association. Th eier (KM)
method was used to estimate survival functions. The relationship survwal outcome
variable and covariates was assessed by Cox regression ana %ults were then expressed
by the hazard ratio (HR) and its 95%CI. Statistical ations were always done on the
maximum number of data available. Missing valugs wexe neither replaced nor imputed. Results
¥

were considered significant at the 5% critical p<0.05). All calculations were done with

SAS version 3.4 (SAS Institute, Ci:: NCANUSA) and R version 4.1.0 (R Foundation for

Statistical Computing, Vienna, @
Results @Q
Q2

Patient tics

Oft It patients who underwent HTx for end stage heart failure from all etiologies, 75

(48.7%) received St-Thomas and 79 (52.3 %) HTK-Custodiol as CPS. The overall percentage
of missing data was 8.3%, respectively 6.3% (St-Thomas) and 10.1% (Custodiol). The mean
number (range) of missing values per patient in St-Thomas group 1.3 (0-5) was significantly

lower than in the Custodiol group 2.4 (0-7). However, for most variables, data were either

complete or only barely missing in each group. Baseline patient (recipient and donor)

20z 2unp 0 uo 1senb Aq 0/2789//€609EAISIAEE0L " 01/10P/3I0NE-90UBAPE/SIADI/L0Y"ANO"OILISPEDE//:SARY WO PAPEOIUMOQ



224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

characteristics are displayed in Table 1. Recipients did not differ by age, etiology of the heart

failure, presence of a VAD preoperatively, mean ejection fraction, CPB time, gender-, height-

or weight-mismatch, previous cardiac surgery, and previous biventricular failure. By contrast,

there were more women in the Custodiol group than in the St-Thomas group (29.2% vs. 13.3%,

p=0.017) and the ischemic time was shorter (172 + 45.5 vs. 144 + 40.2 min, p<0.001). As for

donors, they were perfectly comparable with respect to cause of death (p=0.39) &ender
5 1

(p=0.75), but were slightly older in Custodiol group than in St-Thomas group @ 9 vs.

49.2 + 14.4 years, p=0.038). Q}
Outcomes %
As seen in Table 2, the two groups differed for inotropi @mdian (IQR): 71.8 (31.8-127)

14 (0.05-0.25) vs. 0.08 (0.0-0.25),

vs. 35.7 (17.5-60.2), p<0.001] (Figure 1), rejecti sc%
tE (14

p=0.036] (Figure 2), and for 30-day mortalit 1% vs. 2.5%, p=0.0068). The groups

were similar for primary graft dysfunction requiring postoperative ECMO, immediately at the
end of the surgery or within t% ours (16.0% vs. 16.5%, p=0.94). The microscopic
0

analysis of the first 3 en@
subendothelial ischiQ 13 (17.3%) patients of the St-Thomas group and 3 (3.8%) in the

Custodiol groC.p) .006). One year after HTX, there was no significant difference between
i

groups r@
CPS agd inotropic score

Linear regression of log-transformed inotropic scores on CPS confirmed that scores were lower

dial biopsies revealed specific histological features of

e cardiac allograft vasculopathy.

for HTK-Custodiol compared to St-Thomas solution (regression coefficient: -0.69, 95%CI: -
1.0 to -0.38, p<0.001). The significant relationship between inotropic score and CPS remained

unchanged after adjusting for any of the patient characteristics, even for ischemic time and CPB
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time both positively associated with the inotropic score (data not shown). Multiple linear
regression confirmed that, when combined with ischemic time (0.0052, 95%CI: 0.0011 —
0.0093, p=0.017) and log-transformed CPB time (0.71, 95%CI: 0.16-1.3, p=0.015), the
preservation solution remained significantly related to the inotropic score (-0.60, 95%CI: -0.99

to -0.21, p=0.003) (Table 3).

CPS and rejection score g
The overall distribution of the rejection score could not be normali & re the 131

patients with a rejection score were classified into three categories @z : 41 (31.3%) had

a score equal to 0, 49 (37.4%) had a score between 0 and 0,2, (31 3%) has a rejection
score > 0.2. Ordinal logistic regression confirmed t rejection score was significantly
impacted by CPS in favor of Custodiol (OR= O 0.24-0.86, p=0.016). No patient-

related characteristics was associated with the on score except renal glomerular function

(N=109 patients; OR=0.979, 95%ClI 1-0.999, p=0.036). The effect of CPS on the rejection

score remained significant aﬂe% or any of the patient-related characteristics but only
I

a tendency remained for r&o
CPS and 30-t}%;ﬂy

ied within 30 days in the patient series, significantly more in the St-Thomas

ular function (p=0.098) (data not shown).

Overall, :

grou?ge Custodiol group as mentioned above (OR=6.62, 95%CI: 1.41-30.9, p=0.016).
None of the other recipient-related preoperative or intraoperative characteristics was related to
30-day mortality rate (Table 4). CPS remained associated with 30-day mortality after adjusting
for any of these covariates. The E-value to assess the potential effect of non-controlled
confounders was 12.7 (lower limit 2.18) confirming the strong association of CPS and 30-day

mortality. Of note, however, the association between CPS and 30-day mortality vanished

10
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(p=0.86) when inserting the outcome variable log (VIS) in the logistic regression, emphasizing

the strong relationship between CPS and VIS.

CPS and midterm survival

The follow-up for HTK-Custodiol patients was necessarily shorter than for St-Thomas patients
(3.1£1.5 vs. 7.0£3.9 years). Globally, 26 (16.9%) patients died, 21 in the St-Thomasgroup and
4 in the Custodiol group. The Kaplan-Meier survival functions of both gra 4@ Figure 3)
differed significantly (log-rank test, p=0.001). Cox regression analysis @each patient-
related characteristic showed than CPS was the only significant facter aff g overall survival

0.004) (Table 5). The

(HTK-Custodiol vs. St-Thomas: HR=0.20, 95%CI 0.069 ; %

impact of CPS on midterm survival remained unchan @djusﬁng for any of the other

patient-related factors. s

Discussion Q(Q
More than 50 years after tr&h

surgical option for IQ patients with end stage heart disease. The fact that the number of
{@

an HTx by Christian Barnaard, HTx remains the preferred
i d the duration of their HTx candidacy are continuously growing in

patients on WQ
Europe e is an indirect sign of this trend[1,7,8].

Des

r recent progresses in the field of HTx, organ preservation remains imperfect and
still impacts patients’ survival and outcomes [3]. The ex vivo period is the vulnerable stage
during which the organ can undergo cellular damage that is further compounded by reperfusion
injury after the implantation. The goal during procurement and preservation is to minimize these
injuries and maintain the viability of the organ until its implantation in the recipient. Rapid

diastolic cardiac arrest and subsequent cold ischemic storage (at 4°C) are the two cornerstones

11
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of the cardiac procurement technique. Diastolic cardiac arrest preserves adenosine triphosphate
(ATP) levels by comparison to ischemic myocardial contracture[9], and cooling down the organ
to 4°C results in a 10-to-12-fold decrease in metabolic demand. However, the persistence of a
level of metabolism at 5-10% of normal values explains why cooling alone does not prevent all
cellular damages [10]. During cold ischemic storage, the only source of energy for the graft is
anaerobic glycolysis, but the enzymes involved in this process are inhibited by acidosis
resulting from the ischemia. Therefore, it is necessary to use a CPS conta@ buffers to

maintain the cellular pH stable and allow a minimal ATP production[lQ}

CPSs are classified as intracellular or extracellular according to th@entration in sodium

and potassium. Intracellular CPSs contain high potassium a %dium and tend to be like
e

the intracellular milieu. As a result, they limit the mov§ ions and water across the cell
membrane. Extracellular CPSs contain low potassi d were initially developed to prevent
hyperkalemia related to the infusion of iatra r CPSs[12]. However, this classification
remains rather artificial and subjecti iven that each CPS is best defined by its own ionic
concentration and mostly by t @

These other substances could reduce intra- and extra-cellular edema, limit intracellular acidosis,
reduce Reactive OxygeniSpecies (ROS) generation, and increase ATP production. All these

factors tend t@ the myocardial injury and thus improve the outcomes after HTx[13].

[ osmotic space for the addition of other substances.

HTK-C@ is a hyperpolarizing solution with low sodium concentration that allows a large
osm%ce as well as the addition of numerous other highly concentrated substances[14].
Among these substances, there is a high concentration of histidine/histidine hydrochloride
intracellular buffering system, which enhances buffering capacity during ischemic induced
acidosis; amino-acid tryptophan alpha ketoglutarate, which protects cell membrane as a
substrate for anaerobic metabolism; and mannitol, which is an osmotic agent that helps reducing

cellular and tissue edema. It is also an excellent scavenger of ROS[13, 15]. HTK-Custodiol has

12
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also been shown to maintain high levels of intra-cellular ATP after reperfusion and this is
known to be directly correlated with low output syndrome, which usually develops a few hours
after surgery and is the result of myocardial edema during the ischemic phase. The latter
decreases coronary blood flow and thus intra-cellular ATP levels[14].

St-Thomas solution is an extracellular solution, which provides a rapid diastolic cardiac arrest
by high potassium and magnesium concentration as well as by the membrane’s stabiliding effect

of procaine hydrochloride. Cellular edema is reduced by the extracellular sodiu centration,

procaine, and a variable concentration of bicarbonates[16]. The '@ inv extracellular

potassium concentration causes a progressive depolarization of the n@n potential for each
level of potassium concentration. Solutions with a high conc onjof potassium, such as St-
Thomas, are however known to cause toxicity to the va othelium. Carpentier was the
first to demonstrate reduced viability and functi f ‘epdothelial cells after exposure to high
potassium concentration[17, 18]. The end@mver important as it locally regulates
coronary perfusion and cardiac fu through the secretion of Nitric Oxid (NO) and
vasoactive peptides. Therefore,dft Qistraﬁon of a high potassium concentration solution,
endothelial dysfunction accursy,which could lead to myocardial dysfunction[19].

Regarding the buffgfingSystem, St-Thomas solution contains only extracellular buffers, which
are less effective the intracellular buffers used in HTK-Custodiol and other CPS in
preventi@cellular edema[20, 21]. Although St-Thomas is beneficial and still widely used
in n%plant cardiac surgery, our study, like others[13, 20], demonstrates that using St-
Thomas solution leads to worse immediate outcomes after HTx, which likely explains its
overall decreasing use. Concerning current trends in CPS use, most European centers moved
from St-Thomas solution to HTK-Custodiol after 2010, and in the United States, in the past

years, nearly half of the grafts were stored in the University of Wisconsin solution, one-fourth

in Celsior and one-fourth in HTK-Custodiol[13].

13
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Another salient element arising from our study is the difference in rejection score in favor of
the Custodiol group, which to our knowledge, has not been described before. This could be
interpreted as a reflection of improvement of the overall HTx patient care[21], given that the
same trend has been observed in several other European countries during the last decades and
seems to be related to the improvement of the immunosuppression monitoring[21, 22].
However, over the whole duration of our study, no changes in the immunosuppres«

protocol or its monitoring occurred. We therefore suggested that the integrity Q
endothelial cells of the graft could be compromised by the different pre@

techniques and in particular by the type of CPS used. Indeed, it is n@w well known that

: i%ular and tissue edema,

lial cell function is directly

nd storage

endothelial cell damage leads to increased capillary permea

vasospasm and microvascular hypoperfusion[23, 24].
correlated to cardiomyocyte function, all these el an lead to primary graft dysfunction
[25, 26]. Moreover, different studies configm t %vation related injuries in heart
transplantation can be the cause of mplications but also of late events such as graft
rejection and chronic transplantarieriopathy[27, 28].

endomyocardial bi

To confirm our hypothesis, weneviewed the anatomopathological reports of the first 3
Qr each patient, in both groups. This time, we were interested not

only in the ovgrall tion score but also in the microscopic analysis when it showed typical
lesions o@h)mia reperfusion phenomena. Specifically, the lesions found are infiltrates of
mon%r cells and granulocytes located in the endothelial layer and associated with
interstitial oedema. These lesions are specifically different from rejection lesions and are
interpreted as typical of ischemia-reperfusion phenomena by our pathologists.

Interestingly, we found that there were significantly more of these specific histological features

in the St-Thomas group than in the Custodiol group.
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Several factors can explain these endothelial lesions during the graft harvesting and storage
process. At first, the duration of ischemia can directly affect the viability of endothelial cells
through different pathways. These include reduced protein synthesis and ATP levels[28],
increased anaerobic metabolism, and both intracellular and extracellular acidosis[25]. Under
these conditions, the endothelium releases large quantities of proinflammatory chemoattractant

cytokines (IL 1a, IL 8) and the availability of antioxidants is reduced[26]. All th lements

lead to potassium efflux with membrane depolarization, cellular swelling\Qlion of the

endothelial barrier, and tissue edema. This in turn leads to abnormaliting

CPS but also in blood flow at reperfusion, which aggravates the phéhomenon[13].

istribution of

Secondly, reperfusion is accompanied by a real burst of% ich occurs only 15 seconds

after the onset of the reperfusion[15]. This increases the lial lesions and the previously

mentioned inflammatory reaction. Usually 2-3 er reperfusion, activated neutrophils

adhere to the endothelium, release large a ree radicals resulting in loss of endothelial
barrier function, tissue edema an@nctional impairment of both endothelial cell and
cardiomyocytes[16]. @

It is likely that the diffe &;utcomes obtained, especially regarding the rejection score in
favor of the Cust oIQp, is explained by the response of the two CPSs to various lesional
factors affecti@h)e othelium and consequently the cardiomyocytes, during graft harvesting
and preservatidn.

As méptionied above, the St-Thomas solution is a high concentration of potassium solution, and
it has been known since the 1980s and Carpentier[17] that solutions of this type induce
vasoconstriction and an impairment of the endothelial function with a decrease in NO release
and other factors including prostacyclin, endothelium derived hyperpolarization factor and

adenosine[13]. In addition, potassium-induced depolarization is known to promote platelet

adhesion, neutrophil activation, inflammation, and ROS generation, which could explain our
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results. On the contrary, HTK-Custodiol is a low concentration potassium solution that contains
different substances such as histidine, ketoglutarate, tryptophan and mannitol, whose role is to
counteract the deleterious effects on the endothelium and the myocardium. Those differences
in chemical composition may explain our results.

It is important to note that other studies have not found results similar to ours. For example, the
study by Cannata et al.[29] reported retrospectively133 heart transplantations with & different
CPS (Custodiol vs St-Thomas vs Celsior). Custodiol was mainly used. Ou s included
intraoperative biventricular dysfunction requiring ECMO and in-hospit@y. There was
no difference between groups. In comparison, our study confirms t@e is no difference in
biventricular dysfunction, but our mortality differs betweengt oups. However, our study
was designed differently, the aim being to determine th @

postoperative condition other

than only by mortality (inotropic score, biventgiculandysfunction) and to see whether the

advantage of Custodiol based on its che osition is confirmed at histological level
(rejection score, ischemia-reperfusio ions
Another interesting study writtefd b uz et al.[30] aimed at evaluating the effect of HTK-
Custodiol, St-Thomas and@ solutions functionally and biochemically in a rat model of
donor heart. Custodi inistration led to reduced myocardial contraction, decreased ATP
level, increasQ nd increased troponin-I levels. The results of this observational study
run coun@e eral other studies on humans[14,15,16], especially regarding the ATP levels.
Howayer “the study is well conducted, and the results are very interesting.

It is likely that in the future, further studies, especially randomized control trials, could be

necessary to confirm our data.

Limitations
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This retrospective longitudinal study longitudinal of HTx patients suffers from the
shortcomings of all retrospective observational studies, including selection biases, reliability,
quality, and completeness of data collected from patient electronic records, even though a
special effort was made in this study to eliminate erroneous data entry and avoid as much as
possible missing data. In this respect, the data collection was complete, and the outcome

measures were confirmed in our local database as well as in the Swiss Death regmd the

Swiss Cohort Study. Q
Data availability statement < , 3

The data that support the findings of this study are available n%t from the corresponding

author.
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Conclusion ,&

In our regional coh tQmsecutive HTX recipients in pre- and post-transplant follow-up by
two different jesti ters, we observed that the use of HTK-Custodiol as myocardial
protectio uC)veart procurement leads to improved outcomes after HTX, including
post?@notropic score, 30-days mortality, mid-term survival, rejection score and
presence of specific ischemia-reperfusion lesions.

Even though, the present study is not a head-to-head comparison, our results suggest the
superiority of HTK-Custodiol over the St-Thomas solution, in the context of very few

differences in the baseline patient’s characteristics, an unchanged pre- and posttransplant
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follow-up and an unchanged national donor heart allocation system during the study period.

Further studies, especially randomized control trials, are necessary to confirm these data.

?\

A
&

60
O
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Table 1. Baseline recipient and donor characteristics. Summary statistics are presented

as mean (SD) or number (%).

Variable St-Thomas HTK-Custodiol P-value
N=75 N=79
Recipient
Age (years) 51.9 (12.1) 51.3 (12.9) 0.76
Female gender 10 (13.3) 23 (29.2) 0.017
Waiting time on list (days)* 170 (89-403) 209 (63-403) 0.87
Ischemic etiology 30 (40.0) 36 (45.6)
VAD 24 (32.0) 32 (40.5)
Diabetes 13 (17.3) 21 (26.6)
RF (ml/min/1,73m?) 50.8 (14.3) 56.7 (20.3) \) 79
Ejection Fraction (%) 25.0 (19.1) 28.4 (14.4 0.15
VO, Max (ml/min/kg) 14.1 (4.0) 18.3 (24. 0.17
PVR (WU) 2.4 (1.2) 2.3 0.55
Ischemic time (min)** 172 (45.5) 14 : <0.001
(N=68) 49)
CPB time (min)* 135 (110-18 (103-180) 0.73
Gender mismatch 28 (37. 31 (39.2) 0.81
Height mismatch 1( 1(1.3) 1.0
Weight mismatch 1 ) 23 (29.1) 0.47
Previous cardiac surgery 0 (53.3) 52 (65.8) 0.11
Emergency transplantation @ 18 (24.0) 19 (24.1) 0.99
Donor &
Cause of death
Cerebral hemo 33 (44.0) 35 (44.3) 0.39
Anoxia 12 (16.0) 10 (12.7)
Traum 23 (30.7) 26 (32.9)
Ceret%"na 7(9.3) 8 (10.1)
Ag ars): 43.5(14.9) 49.2 (14.4) 0.038
(N=72) (N=50)
Female gender** 25 (40.3) 11 (44.0) 0.75
(N=62) (N=25)

SD : standard deviation ; VAD : ventricular assist device ; RF: renal function; VO, Max : maximal oxygen

consumption; PVR: pulmonary vascular resistance ; WU :wood units ; CPB : cardiopulmonary bypass
*Median (IQR)
**Actual sample sizes are given in parentheses.
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Table 2. Comparison of outcomes according to preservation solution. Summary statistics

are presented as median (IQR) or number (%o).

Outcome St-Thomas HTK-Custodiol P-value
N=75 N=79

Inotropic score 71.8 (31.8-127) 35.7 (17.5-60.2) <0.001

Intra/Postoperative ECMO 12 (16) 13 (16.5) 0.94

Rejection score 0.14 (0.05-0.25) 0.08 (0.0-0.25) 0.036

30-day mortality 11 (14.7) 2 (2.5) 0.007

ECMO Extracorporeal membrane oxygenation

N\
3

06
?\

Q&
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Table 3. Relationship between cardiac preservation solution and inotropic score*

adjusted for ischemic time and CPB time as derived by multiple linear regression

Covariate Regression (95%Cl) P-value
CPS (Custodiol vs. St-Thomas) -0.60 (-0.99 to -0.21) 0.003
Ischemic time (min) 0.0052 (0.0011 to 0.0093) 0.017
CPB time (min)* 0.71 (0.16 to 1.3) 0.015

SE: standard error; CPB: cardiopulmonary bypass

*Log-transform &
o
60
N
?\
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Table 4. Relationship between 30-day mortality rate and each recipient-related
characteristics adjusted for CPS as derived by logistic regression analysis

Risk factor OR (95% CI) P-value
Recipient-related preoperative

Age (years) 1.03 (0.97-1.08) 0.32
Gender (male vs. female) 1.55(0.33-7.37) 0.58
Etiology (ischemic vs. other) 1.16 (0.37-3.62) 0.80

VAD

Diabetes

RF (ml/min/1,73m?)
Ejection Fraction (%)

VO, Max (ml/min/kg)

PVR (WU)

Waiting time on list (days)*

Recipient-related intraoperative

Ischemic time (min)
CPB time (min)*

CPS (Custodiol vs. St-Thomas)

OR: odds ratio; Cl: confidence interval;

consumption; PVR: pulmonary vastul
*Log-transform Q

1.10 (0.34-3.55)
0.27 (0.034-2.18)

Qo.zz
0.99 (0.95-1.03) \ 0.65
1.002 (0.96-1.04)Q~ 0.94
0.90 (0.75- 0.28

1.10 ( 0.72
1@ 9) 0.89
?\E.oo (0.99-1.02) 0.61
4.06 (0.85-19.3) 0.078

0.15 (0.032-0.71) 0.016

ricular assist device; VO, Max: maximal oxygen

nce; WU: Wood units; CPB: cardiopulmonary bypass
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Table 5. Relationship between overall survival and each recipient-related characteristics

adjusted for CPS as derived by Cox regression analysis

Risk factor HR (95% CI) P-value
Recipient related preoperative
Age (years) 1.03 (0.99-1.07) 0.11
Gender (male vs. female) 1.38 (0.47-4.00) 0.56
Etiology (ischemic vs. other) 0.95 (0.43-2.06) 0.89
VAD 0.97 (0.43-2.18) 0.94
Diabetes 0.63 (0.22-1.82) O.&
RF (ml/min/1,73m2) 0.998 (0.971-1.03) @ 0
Ejection Fraction (%) 1.01 (0.98-1.04) 046
VO, Max (ml/min/kg) 0 .95 (0.86-1.06) @.36
PVR (WU) 1.07 (0.77-1.5 0.68
Waiting time on list (days)* 0.92 (0.71% 0.55
Recipient related intraoperative 0
Ischemic time (min) 9-1.01) 0.94
CPB time (min)* ?& (0.75-6.26) 0.16
Preservation solution (Custodiol vs. St-Tho 0.20 (0.069-0.6) 0.004
HR: hazard ratio; Cl : confidence interval ; VAD : venitictlar assist device ; VO, Max : maximal oxygen

consumption; PVR: pulmonary vascular res @ WU :wood units ;CPB : cardiopulmonary bypass

%
oc’@
v

*Log-transform
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Figure 1: Distribution of the inotropic score in St-Thomas (N=66) and HTK-Custodiol
(N=74) solution groups

Figure 2: Distribution of the rejection score in St-Thomas (N=62) and HTK-Custodiol
(N=69) solution groups

Figure 3: Kaplan-Meier post-transplant survival curves with censoring marks and
95%confidence limits in St-Thomas and HTK-Custodiol solution groups

censoring marks and 95%confidence limits in St-Thomas and HTK-Custo lution

X
N\
3

Graphical Abstract — Central Image: Kaplan-Meier post-transplant survival c&es with

groups
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Comparison of HTK-Custodiol and St. Thomas Solution as Cardiac Preservation Solution on Early and

heart

lesions.

Summary

In this retrospective study we analyzed 154 adult
according to the cardiac e
preservation solution received (St. Thomas solution
vs HTK-Custodiol). Postoperatively, the Custodiol
group showed lower inotropic score, mean rejection aul a
score, 30-day and mid-term mortality, but also less 7 ®

specific histological features of ischemia-reperfusion 0 :

Midterm Outcomes Following Heart Transplantation
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HR=0.203 (SC!. 0.055-0 600) p+0.00;

Legend: Kaplan-Meier post-transplant survival curves with censoring mark
Thomas and HTK-Custodiol solution groups

% confidence limits in St.

20z 8unr €0 Uo 1senb Aq 022489.//€609€A/SIN/E60 L 01/10p/O[0IE-8OUBAPE/SIADY/WOO"dNO"0jWapESE//:SdY WO} papeojumoq


https://www2.cloud.editorialmanager.com/icvts/download.aspx?id=236334&guid=f9e76c4f-30fa-4405-903c-41f009b38617&scheme=1
https://www2.cloud.editorialmanager.com/icvts/download.aspx?id=236334&guid=f9e76c4f-30fa-4405-903c-41f009b38617&scheme=1



