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Abstract

Background: To evaluate the association between donors’ and recipients’ serum levels

of soluble ST2 (sST2) and recipients’ outcome after heart transplantation (HT).

Methods:Blood samples were collected in 50 heart donors before organ procurement

and in 50 recipients before HT (D0), a week after HT (D7) and at every first year’s

endomyocardial biopsy (EMB); sST2 levels were evaluated by ELISA.

Results: Donors who sustained a cardiac arrest, had significantly higher sST2 levels.

Recipients on national high emergency waiting list had significantly higher preoper-

ative sST2 levels compared to recipients who did not. Recipients with postoperative

sepsis or continuous renal replacement therapy had significantly higher sST2 levels at

D7. Recipients who needed a postoperative ECMO for allograft dysfunction had sig-

nificantly higher sST2 levels in their corresponding donors. Recipientswho died during

the hospitalization after the transplantation had significantly higher sST2 levels at D7

compared to recipientswhodid not.Nodifferencewas observed in sST2 levels in recip-

ients who hadmild allograft rejection and recipient who did not.

Conclusions: Higher sST2 levels in donors are associated to allograft dysfunction

requiring ECMO in recipients; higher postoperative sST2 levels in recipients are asso-

ciated with in-hospital mortality.
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1 INTRODUCTION

Suppression of tumorigenicity 2 (ST2) is a member of the interleukin

(IL)-1 receptor family that was originally described as a soluble protein

in lipopolysaccharide-stimulated murine fibroblasts1; the ST2 gene

encodes different isoforms: a transmembrane form named ST2 ligand

(ST2L), which is a membrane receptor, and a secreted glycoprotein

named soluble ST2 (sST2) which is a truncated soluble receptor that

© 2022 JohnWiley & Sons A/S. Published by JohnWiley & Sons Ltd.

canbedetected in serum.2 The ligand for theST2L is interleukin (IL)-33,

a member of the IL-1 family; the binding of IL-33 to ST2L triggers the

activation of nuclear factor-kappa B and induces the expression of pro-

inflammatory cytokines and activation of the immune system.3 The

ST2/IL-33 system is primarily involved in inflammatory and autoim-

mune diseases4–9 and also plays a role in cardiovascular diseases. ST2

has been shown to be up-regulated in cultured rat cardiomyocytes

subjected to mechanical strain10 and its functional ligand IL-33 is
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also produced in response to stretchby cardiac fibroblast andhas a car-

dioprotective role in the setting of myocyte stretch and injury.11 The

biological effects of IL-33 are antagonized by sST2 as it binds to IL-33

and function as a decoy receptor to prevent IL-33 from binding to and

signaling through ST2L.11 While the lung has been shown to have the

highest expression of sST2, other sources in the cardiovascular system

include endothelial cells and cardiac myocytes. Increased serum lev-

els of sST2 can serve to limit the systemic biological effects of IL-33,

resulting in inadequate cardioprotection from IL-33, with a heightened

risk for adverse remodeling and ventricular dysfunction.11 sST2 is con-

sidered as a novel biomarker in ischemic heart disease and heart fail-

ure (HF) as sST2 concentrations are elevated in the context of acute

myocardial infarction (AMI) and HF and can predict mortality in these

settings.12,13 To date no study focused on the role of sST2 in heart

donors and allograft function following heart transplantation (HT). The

primaryobjectiveof this studywas toevaluate theassociationbetween

donors’ serum levels of sST2 and recipients’ allograft function after

HT; the secondary objectives included the evaluation of the association

betweendonors’ and recipients’ serum levels of sST2 and recipients’ in-

hospital mortality and incidence of allograft rejection.

2 PATIENTS AND METHODS

2.1 Study population

Informed consent was obtained from each patient before the enrol-

ment in the study. The study protocol conforms to the ethical guide-

lines of the 1975 Declaration of Helsinki and was approved by the

Institutional Review Board (Groupe Hospitalier Pitié-Salpêtrière Pro-

tocol Record CIC-1421-16-01). From February 2016 to October 2016

all consenting and consecutive recipients were prospectively enrolled

in the study together with their respective donors if there was no

opposition to blood samples collection for scientific purposes. Non-

consenting recipients, recipients undergoing multi-organ transplanta-

tion or retransplantation, and recipients whose donors were opposed

to blood samples collection for scientific purposes, were excluded

from the study. A national high urgency waiting list was established

in France to prioritize organs for critically ill patients requiring high-

dose inotropic drugs or short-term mechanical cardio-circulatory sup-

port (High Urgency type 1) and for patients experiencing throm-

botic or infective complications related to the implant of a long-term

mechanical circulatory support (High Urgency type 2). Clinical records

of recipients were collected until October 2017. Clinical records of

donors, as well as the absence of opposition to blood samples col-

lection for scientific purposes, were provided by the “Agence de la

Biomedicine,” the French Agency for organ transplantation that guar-

antees for the accurateness of the information (ClinicalTrials.gov iden-

tifier: NCT03050892).

2.2 Operative technique

Grafts were procured from beating-heart brain-dead donors, pre-

served using Custodiol® cardioplegic solution and stored in cold

Custodiol® cardioplegic solution during transportation. HT was per-

formed according to the bicaval technique and all anastomoses were

performedwith a single aortic cross-clamping.

2.3 Assays

Blood samples were collected in heart donors before organ procure-

ment and in recipients preoperatively before HT (day 0, D0), a week

after HT (D7) and at the time of each endomyocardial biopsy (EMB)

performed during the first year after transplantation. About 14 EMBs

were performed on each patient in the first year after HT at the follow-

ing times: D15, D25, D35, D45, D55, D75, month (M) 3, M4, M5, M6,

M6, M8, M10, M12. Blood samples were centrifugated and sera were

stocked at -80◦Cuntil essayed. Serum levels of sST2were evaluated by

enzyme-linked immunosorbent assay (Presage®, Critical Diagnostics,

San Diego, CA).

2.4 Immunosuppression

All patients received immunosuppressive treatment consisting of

antithymocyte globulin (Thymoglobulin®, Genzyme Transplant, Cam-

bridge, MA) at a dose of 1.5 mg/kg/day for the first five postop-

erative days and preoperative intravenous methylprednisolone and

mycophenolate mofetil. Postoperatively patients received cyclosporin

4–6 mg/kg/day (target level 300 ng/m, progressively reduced to

50–100 ng/ml), mycophenolate mofetil 2 g/day and prednisone

1 mg/kg/day which was progressively reduced to .2 mg/kg/day.

Patients’ regimens were modified during follow-up visits and switched

to tacrolimus, sirolimus, or everolimus as appropriate (acute allograft

rejection, cardiac allograft vasculopathy (CAV), malignancies). High-

dose corticosteroid was the first-line therapy for acute cellular allo-

graft rejection with grade more than 1R. The detection of preformed

donor-specific antihuman leukocyte antigen (HLA) antibodies (pfDSA)

was based on Luminexmixed class I and II Antibody Screening kits (One

Lambda, Canoga Park, CA); patients with a positive screen were char-

acterized for HLA class I and/or class II antibody specificity using LAB-

Screen Single Antigen beads. Patients with pfDSA were transplanted

according to a specific perioperative desensitization protocol based on

the mean fluorescent intensity (MFI) of pfDSA at the time of HT; in

particular, patients with MFI > 1000 were treated with perioperative

plasmapheresis sessions.

2.5 Follow-up

Patients have been followed closely and received routine labora-

tory tests, clinical examination, echocardiography, EMB, and coro-

nary angiography according to our institution protocols. Patients were

monitored by repetitive EMBs to detect allograft rejection; 14 EMBs

were approximately performed during the first year after transplan-

tation. Coronary angiography was performed at the end of the first

year after HT. The following post-transplant events were recorded
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for all patients: number and grade of acute cellular allograft rejection

episode, the presence and grade of CAV defined according to ISHLT

classifications.14,15 Follow-up was concluded at the end of October

2017.

2.6 tatistical analysis

Categorical variables are expressed as numbers and percentages

and compared with Fischer’s exact test. Continuous variables are

expressed as the mean ± 1 standard deviation (SD) and compared

using the Student’s t-test; continuous variables with a skewed distri-

bution are presented as median and interquartile range and compared

withMann–WhitneyU-test. Linear regressionwas used to evaluate the

associationof sST2 serum levelswithdonors’ and recipients’ character-

istics. Analysis of variance (ANOVA) was used for repeated sST2 mea-

surement. Receiver operating characteristic (ROC) curve analysis was

used to determine the prognostic ability of sST2 for adverse outcomes

at one year and to identify optimum cut-off points along with sensi-

tivity, specificity, negative and positive predictive value The Kaplan–

Meier method was used to draw survival curves and calculate 1-year

survival. A two-tailed p-value of less than .05was taken to indicate sta-

tistical significance. Statistical analysis was performed using Sigmaplot

version 12.0 (Systat Software Inc, San Jose, CA, USA).

3 RESULTS

From February 2016 to October 2016, 50 consecutive recipients and

50 donors were enrolled in the study. Donors’ characteristics are illus-

trated in Table 1; donors’ median sST2 serum level was 169 [95–225]

ng/ml. In donors, sST2 serum levels were not associated with age, left

ventricular ejection fraction (LVEF), creatine kinase levels, high sensi-

tivity troponin T levels and brain injury time; serum levels of sST2were

modestly associated with norepinephrine dose (r2= .12; p = .01). We

found higher levels of sST2 in donors whose cause of deathwas anoxia,

however, there was not a statistically significant difference in the sST2

levels between donors who died for cerebrovascular accident, trauma

or anoxia (176 [95–211] ng/ml, 157 [103–234] ng/ml, and 233 [167–

308] ng/ml, respectively; p= .25). Sixteen (36%) donors sustained a car-

diac arrest with a median time to return to spontaneous circulation of

30 (10–38)min; donorswho sustained a cardiac arrest had significantly

higher levels of sST2 compared to donors who did not (210 [182–236]

vs. 154 [91–198] ng/ml; p= .03).

Recipients’ serum levels of sST2 significantly raised at D7 compared

to D0 (146 [90—209] vs. 47 [35–66] ng/ml; p< .001), slowly decreased

during the first year after HT, and reached the lowest values at M12

(27 [19–40] ng/ml) (Figure 1). Recipients pre and early postoperative

characteristics are listed in Table 2; sST2 serum levels at D0 were

significantly higher in recipients transplanted in High Urgency 1 (61

[41–102] vs. 41 [26–54] ng/ml; p = .003) and significantly lower in

recipients transplanted in High Urgency 2 (32 [25–47] vs. 52 [38–69]

ng/ml; p = .03) and were modestly associated with dobutamine dose

TABLE 1 Donors’ characteristics

Variable

sST2 (ng/ml) 169 [9–225]

Age (years) 52 [28–59]

Male sex 32 (64%)

BMI 25 [22–29]

Arterial hypertension 12 (24%)

Diabetes 2 (4%)

Alcoholism 15 (30%)

Smoking 32 (64%)

Drug abuse 7 (14%)

LVEF (%) 63 [60–65]

IV septum (mm) 10 [8–11]

hs TnT (ng/L) 97 [14–438]

Total CK (UI/L) 415 [156–1408]

Norepinephrine (mg/h) .65 [.2–1.7]

Cause of death

CVA 23 (46%)

Trauma 17 (34%)

Anoxia 6 (12%)

Gunshot wound 2 (4%)

Intoxication 1 (2%)

Cerebral neoplasia 1 (2%)

Cardiac arrest 16 (32%)

Brain injury time (hours) 50 [27–93]

F IGURE 1 Recipients’ serum levels of sST2 during the first year
after transplantation
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TABLE 2 Recipients’ pre and early postoperative characteristics

Preoperative characteristics

sST2 (ng/ml) D0 47 [35–66]

Age (years) 55 [44–60]

Male sex 42 (84%)

BMI 24 [22–26]

Cardiomyopathy

Dilated 24 (48%)

Ischemic 17 (34%)

Valvular 2 (4%)

Hypertrophic 2 (4%)

Restrictive 2 (4%)

Other 3 (6%)

High Urgency 1 24 (48%)

High Urgency 2 9 (18%)

Dobutamine

dose (mcg/kg/h) 9 (5–10)

Preoperative ECMO 12 (24%)

LVAD 4 (8%)

TAH 5 (10%)

Redo surgery 15 (30%)

Plasmapheresis 14 (28%)

Early postoperative characteristics

sST2 (ng/ml) D7 146 [90–209]

Ischemic time (min) 193 [170–234]

CPB time (min) 109 [95–140]

Postoperative ECMO 23 (46%)

CRRT 13 (26%)

Sepsis 9 (18%)

(r2= .1; p = .02). No difference was observed in recipients’ preopera-

tive serum levels of sST2with regards to type of cardiomyopathy, pres-

ence of preoperative extracorporeal membrane oxygenation (ECMO)

or left ventricular assistance device (LVAD), and immune sensitization

requiring preoperative plasmapheresis. Recipients’ sST2 serum levels

at D7 were modestly associated with ischemic time (r2= .1; p = .02)

but notwith cardiopulmonary bypass time. Recipients’ sST2 serum lev-

els at D7 were significantly higher in recipients with sepsis (238 [136–

355] vs. 136 [85–192]; p = .03) and with continuous renal replace-

ment therapy (CRRT) (224 [173– 238] vs. 125 [84–169]; p = .003).

Twenty-three (46%) recipients needed a postoperative ECMO for allo-

graft dysfunction in the 24 h after HT and their corresponding donors

had significantly higher sST2 serum levels (203 [157–240] vs. 122 [74–

204] ng/ml;p= .007); nodifferencewas found in recipients’ sST2 serum

levels at D0 (51 [41–74] vs. 40 [26–65] ng/ml; p = .15) and at D7

(152 [98–222] vs. 119 [84–206] ng/ml; p = .52) with regards to the

need of a postoperative ECMO (Table 3). ROC analysis showed that

donors’ serum levels of sST2 had aAUC= .72 for PDG (95%CI .57–.87;

p< .006).

F IGURE 2 Survival after heart transplantation (HT)

Seven (14%) recipients died after HT during the index hospitaliza-

tion; 1-year survival rate was 86% and mean survival time was 1.4 ±

.1 years (Figure 2). The main causes of death were sepsis (n = 4, 57%),

multiple organ failure (n=2, 28%), and cerebrovascular accident (n=1,

14%). None of the recipients died after hospital discharge during the

follow-up period. Recipients who died during the hospitalization after

transplantation had significantly higher serum levels of sST2 at D7

compared to recipients who did not (256 vs. 131 ng/ml; p < .001).

ROC analysis showed that recipients’ serum levels of sST2 at D7 had a

AUC= .81 for the1-year survival (95%CI .6–1.0;p< .01).Nodifference

was observed in recipientswho died after transplantationwith regards

to donors’ and recipients’ preoperative serum levels of sST2 (Table 3).

Forty-four (88%) recipients had at least one EMB during the follow-

up period and 36 (72%) had at least an episode of allograft rejection

grade1R;mean survival free fromallograft rejectionwas151±31days

(median 52 ± 8 days) (Figure 3). A total of 547 EMBs were performed

during the follow-up and 91 (17%) acute allograft rejections≥ 1Rwere

recorded (90 grade 1R, 1 grade 2R, 0 grade 3R); no difference was

found in recipients’ sST2 serum levels with regards to the presence

or absence of allograft rejection (41 [26–58] vs. 40 [25–64]; p = .48)

(Figure 4). No difference was observed between recipients who had

an allograft rejection and recipients who did not at all sampling times

(Table 4).

Thirty-seven (74%) recipients had a coronary angiography at the

end of the first year after transplantation; two patients had a CAV

grade 1 and grade 2, respectively.

4 DISCUSSION

To our knowledge, this is the first study to explore the role of sST2

serum levels in heart donors. We demonstrated that brain-dead organ
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TABLE 3 Summary table of donor’s and recipient’s characteristics associated with recipient outcomes including PGD, survival, and rejection

PDG Survival Rejection

Yes (n= 23) No (= 27) p Yes (n= 43) No (= 7) p Yes (n= 36) No (n= 8) p

Donor’s characteristics

ST2 (ng/ml) 203 [157–240] 122 [74–204] .007 176 [95–230] 134 [115–205] .6 169 [95–231] 203 [96–229] .8

Age (years) 53 [27–59] 49 [34–59] .6 52 [36–58] 25 [20–63] .7 52 [35–58] 43 [20–59] .4

Sex (male) 15 (65%) 17 (63%) .8 27 (63%) 5 (71%) .3 26 (72%) 2 (25%) .01

Cardiac arrest 10 (43%) 6 (22%) .1 14 (33%) 2 (29%) 1 11 (31%) 3 (38%) .6

Recipient characteristic

ST2DO (ng/ml) 51 [41–74] 40 [26–65] .15 45 [35–65] 67 [22–103] .2 48 [35–65] 43 [23–60] .3

Age (years) 52 [42–58] 57 [46–62] .1 52 [34–58] 57 [20–53] .7 52 [43–59] 52 [44–60] .9

Sex (male) 19 (83%) 23 (86%) 1 36 (84%) 6 (86%) 1 30 (83%) 7 (88%) 1

Dobutamine 12 (52%) 12 (44%) .7 22 (51%) 2 (29%) .4 18 (50%) 4 (50%) 1

Preoperative ECMO 9 (39%) 3 (11%) .04 10 (23%) 2 (29%) .6 8 (22%) 3 (38%) .3

LVAD 1 (4%) 3 (11%) .6 4 (9%) 0 4 (11%) 0

TAH 3 (13%) 2 (7%) .6 4 (9%) 1 (14%) .5 4(11%) 0

Ischemic time (min) 189 [167–234] 198 [182–241] .7 192 [167–220] 230 [189–250] .1 191 [172–230] 198 [102–241] .8

ST2D7 (ng/ml) 152 [98–222] 119 [84–206] .52 131 [85–191] 256 [238–355] <.001 136 [88–183] 149 [74–214] .9

Sepsis 6 (26%) 3 (11%) .2 4 (9%) 5 (71%) <.001 4(11%) 0

CRRT 10 (43%) 3 (11%) .02 8 (19%) 5 (71%) .009 6 (17%) 2 (25%) .6

F IGURE 3 Freedom from allograft rejection

donors have considerably high levels of sST2; the higher levels were

observed in donors after a cardiac arrest resuscitation. The main find-

ing of this work is that elevated donors’ sST2 serum levels are asso-

ciated with allograft dysfunction in heart recipients. Assessment of

biomarkers is of paramount importance in potential heart donors as

it may provide important predictive information and allow risk strat-

ification. Previous studies investigated the potential prognostic role

F IGURE 4 Recipient’s levels of sST2 according to the presence of
allograft rejection

of donor’ nonhigh sensitivity troponin and natriuretic peptides serum

levels on recipient’s outcome. A large series demonstrated that ele-

vated donor’s nonhigh sensitivity troponin I serum levels in the set-

ting of preserved LVEF were not associated with primary graft fail-

ure, CAV or short and midterm mortality after HT.16 Conversely, a

report on a smaller cohort froma single-center experience showed that

elevated donor’s nonhigh sensitivity troponin I serum concentration

may be a marker for adverse outcome and increased short- and long-

term mortality after HT.17 Previous reports showed that natriuretic

peptides levels were higher in donors whose hearts were declined for

transplantation compared with donors whose hearts were considered
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TABLE 4 Comparison of sST2 levels at each sampling time
between recipients with andwithout allograft rejection

ST2 (ng/ml)

Rejection group

(n= 36)

No rejection

group (n= 8) p

Donor 169 [95–231] 203 [96–229] .8

Recipient D0 48 [35–65] 43 [23–60] .3

Recipient D7 136 [88–183] 149 [74–214] .9

Recipient D15 78 [58–113] 67 [49–286] .9

Recipient D25 56 [45–108] 73 [50–124] .4

Recipient D35 54 [39–85] 64 [30–109] .7

Recipient D45 42 [29–63] 75 [22–135] .2

Recipient D55 49 [29–72] 100 [31–129] .1

Recipient D75 37 [26–62] 40 [26–82] .9

RecipientM3 38 [24–53] 34 [22–62] .8

RecipientM4 34 [24–52] 40 [31–51] .5

RecipientM5 36 [25–52] 44 [29–77] .5

RecipientM6 34 [24–63] 32 [24–46] .6

RecipientM7 29 [20–50] 39 [26–61] .3

RecipientM8 29 [18–48] 35 [15–40] .6

RecipientM10 29 [19–46] 30 [20–50] .7

RecipientM12 28 [19–43] 23 [17–35] .4

acceptable for transplantation.18,19 Recipients’ cardiac output (CO)

after transplantation correlated significantly with donor’s brain natri-

uretic peptide (BNP) serum levels and donor’s age and BNPwere iden-

tified as the best independent predictors of COafter transplantation in

recipients.19 In heart donors N-terminal pro-BNP serum levels corre-

latedwith cardiac index, pulmonary capillarywedge pressure, troponin

T and I serum levels and also with time from coning.20 Natriuretic pep-

tides levels are elevated in accordance with brain injury severity and

the presence of cardiac dysfunction; the likely mechanism of cardiac

dysfunction following severe brain injury is excessive myocardial cat-

echolamine release, leading to cardiac ischaemia. Several studies have

identified a shorter time from coning to be associated with worse ven-

tricular function and greater troponin release.21

Brain death is associated with hemodynamic, hormonal and bio-

chemical changes and also generates an inflammatory response with

cytokine release that may contribute to cardiac injury.22 High tissue

and plasma levels of IL-6 and tumor necrosis factor (TNF)-α have been
associated with worse donor heart function23 and TNF-α expression

in donor heart cardiac myocytes may predict the development of right

ventricle failure in recipients early afterHT.24 Othermarkers of inflam-

mation as C-reactive protein (CRP) and procalcitonin (PCT) also are

elevated inbrain-deaddonors andhigh levelsmaybepredictiveof early

graft failure afterHT,25 even irrespective of troponin concentrations.26

In our series donors’ sST2 serum levels were exceptionally high and

higher levels were correlated to PGF in recipients, thus suggesting

that brain death leads to a strong inflammatory activation which in

turn may contribute to cardiac dysfunction. Recently, sST2 has been

identified as a useful biomarker for prediction of cerebral–cardiac syn-

drome defined as coexisting National Institute of Health Stroke Scale

(NIHSS) > 8 and LVEF < 60% in patients after acute ischemic stroke.27

Thus, sST2 could also be a useful biomarker in the assessment of brain-

dead heart donors and prediction of allograft dysfunction in heart

recipients.

Soluble ST2 is already considered a useful cardiovascular biomarker

to assess acute HF and predict the outcome of chronic HF28

and sST2 > 35 ng/ml is associated with worse outcome in these

patients.29,30 In our series heart recipients had preoperative median

sST2 levels > 35 ng/ml, with higher sST2 levels observed in recipients

in high emergency waiting list, thus confirming that sST2 is elevated in

patients with acutely decompensated chronic HF.

Recipients’ sST2 serum levels significantly raised after HT and the

higher sST2 levelswereobserved aweekafter surgery. Cardiac surgery

with CPB elicits a systemic inflammatory response; it has been previ-

ously showed that surgical stress and CPB represent an acute injury

that leads to prompt activation of ST2 pathway and secretion of high

amounts of sST2.31 Recipients with longer ischemic and CPB time had

significantly higher serum levels of sST2 atD7. Recipients’ serum levels

of sST2 at D7 were also associated with 1-year mortality, while both

donors and preoperative recipients sST2 serum levels were not. Main

cause of death was sepsis and recipients who developed a postoper-

ative sepsis had significantly higher sST2 serum levels; these findings

are consistentwith previous reports indicating that sepsis is associated

with a sustained elevation of serum sST2 levels, which correlates with

disease severity andmortality.32

Previous studies showed the involvement of ST2/IL-33 in the con-

text of acute rejection after HT showing a dynamic behavior of sST2

in association with rejections in heart recipients.33,34 Serum sST2 lev-

els rise significantly in the context of acute rejection and there is a

graded increase in rejection rates with rising concentrations of sST2;

sST2 levels also show a significant linear association with severity

of acute rejection and significantly decline after successful rejection

therapy.33 The modulation of sST2 concentrations could be explained

by the myocardial injury caused by the acute rejection episode, simi-

lar to the increase of sST2 observed in AMI or acutely decompensated

HF. ST2/IL-33 signaling also modulates immune responses mediated

by Th2 and promotes immune deviation toward Th2 function, which is

associated with induction of tolerance after transplantation.35 There-

fore, IL33/ST2 signaling could have an additional cardioprotective role

in the implanted heart by facilitating immune tolerance and decreasing

the risk of rejection. Thus, dysregulation of sST2 could also be asso-

ciated with a higher risk of rejection by acting as a decoy receptor

and inhibiting the IL33/ST2L binding. Experimental studies show that

IL-33 prolongs murine cardiac allograft survival through induction of

Th2 immune responses.36 In our series we didn’t find a difference in

sST2 serum levels between recipients who had an allograft rejection

and recipients who did not, maybe becausemost of allograft rejections

were grade1R; sST2 is probably able to detectmoderate or severe allo-

graft rejection but not mild allograft rejection.

In conclusion, sST2 appears as a promising biomarker both in the

assessment of heart donors and in themanagement of heart recipients.

The reduced sample size is one of the main limitations of our study, so
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further studies on a larger population are needed to validate the utility

of this potential heart transplant biomarker.
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