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Background. Cardiac troponin is a highly specific and widely available marker of myocardial injury, and elevations in car-
diac transplant donors may influence donor selection. We aimed to investigate whether elevated donor troponin has a role
as a prognostic biomarker in cardiac transplantation. Methods. In a systematic review and meta-analysis, we searched
MEDLINE, Embase, and the Cochrane Library, without language restriction, from inception to December 2020. We included
studies reporting the association of elevated donor troponin with recipient outcome after cardiac transplant. We generated
summary odds ratios and hazard ratios for the association of elevated donor troponin with short- and long-term adverse
outcomes. Methodological quality was monitored using the Quality In Prognosis Studies tool, and interstudy heterogene-
ity was assessed using a series of sensitivity and subgroup analyses. Results. We included 17 studies involving 15443
patients undergoing cardiac transplantation. Elevated donor troponin was associated with increased odds of graft rejection
at 1y (odds ratio, 2.54; 95% confidence interval, 1.22-5.28). No significant prognostic relationship was found between
donor troponin and primary graft failure, short- to long-term mortality, cardiac allograft vasculopathy, and pediatric graft loss.
Conclusions. Elevated donor troponin is not associated with an increased short- or long-term mortality postcardiac
transplant despite increasing the risk of graft rejection at 1 y. Accordingly, an elevated donor troponin in isolation should not

exclude donation.

(Transplantation Direct 2022;8: e1261; doi: 10.1097/TXD.0000000000001261).

ver 25 y ago, it was estimated that over 25000 patients

per year could benefit from cardiac transplantation
for the management of end-stage heart disease in the United
States alone.! Technological advancements in mechanical cir-
culatory support and improvements in patient survival with
advanced heart failure have only seen this demand for donor
hearts increase.> However, this rising demand has remained
unmet, with stagnating annual transplantation rates at around

2500-4000 per year in the United States® and 4000-6000 per
year globally.** Cardiac transplant waitlist mortality remains
substantial at 6% at 6 mo, 8% at 1y, 14% at 3 y, and 20%
atSy?

Cardiac troponin is a highly specific marker of myocar-
dial injury, which is of broad predictive significance across
a range of cardiovascular conditions.®® Elevations in recipi-
ent cardiac troponin have been evaluated for predicting acute
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cellular rejection after cardiac transplantation'®; however,
the prognostic value of donor troponin is unclear. Although
guidelines from the International Society for Heart and Lung
Transplantation do not support the inclusion of donor tro-
ponin in assessment of cardiac allograft suitability,'!? ele-
vated donor troponin has, in practice, been associated with
donor heart nonuse.'3

Hence, we performed a systematic review and meta-
analysis to assess the prognostic value of donor cardiac
troponin in predicting adverse outcomes following cardiac
transplantation.

MATERIALS AND METHODS

Study Design and Registration

This systematic review and meta-analysis of prognostic
observational studies was designed in accordance with the
latest methodological guidance'*'> and was reported in com-
pliance with the Meta-analysis Of Observational Studies in
Epidemiology guidelines.!® Protocol details were prospectively
registered on International Prospective Register of Systematic
Reviews (CRD42021227857); there were no major protocol
deviations. This study design did not require ethics review
board approval; this study analyzed data at the study level, so
individual patient consent was not required.

Eligibility Criteria

We included original research studies that reported a
prognostic association between donor troponin and adverse
recipient outcomes after cardiac transplantation. We excluded
abstracts and conference presentations, case reports, case
series, editorials, expert opinions, publications with incom-
pletely reported data, and nonhuman studies.

Search Strategy

We searched MEDLINE (Ovid), Embase (Ovid), and the
Cochrane Library from inception to December 2020. Our
search strategy included a comprehensive set of search terms
for troponin and cardiac transplantation (SDC, http://links.
lww.com/TXD/A389)."7 We placed no restrictions on lan-
guage or publication period.

Study Selection

Two authors (Z.L. and M.H.) independently screened
titles and abstracts for potentially relevant studies. The
full texts of shortlisted studies were extracted and assessed
against eligibility criteria independently and in duplicate.
A third author (L.A.P.) adjudicated any disagreements. We
also reviewed the reference and citation lists of included stud-
ies for additional potentially relevant studies.

Data Extraction and Management

Two authors (Z.L. and L.A.P.) independently used stand-
ardized spreadsheets to extract data from included studies.
Where reported, the following were recorded: study design,
population baseline characteristics, operative details, follow-
up time, preoperative history of comorbidities, association
between troponin value and adverse recipient outcomes
(maximally adjusted odds ratios [ORs], hazard ratios [HRs],
or mean differences [MDs]), troponin subtype and means of
measurement, and threshold elevated troponin if applica-
ble. We evaluated the prognostic impact of elevated donor
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troponin on the following recipient outcomes: primary graft
failure; graft rejection at 30 d and 1 y; mortality at 30 d, 1y,
and long-term; cardiac allograft vasculopathy; and graft loss
in pediatric populations.

Where studies stratified participants into >2 groups based
on troponin level (eg, tertiles or quartiles), we collated data
contrasting cumulative upper and lower quantiles separated
by a cutoff troponin threshold most comparable with that
of other included studies. Where studies did not report HRs
and their 95% confidence intervals (CIs) but reported either a
combination of P values and survival data or presented high
resolution Kaplan-Meier curves with the numbers at risk at
each time point, we derived the HR based on validated formu-
lae.'® Where studies compared donor troponin levels between
groups with and without the outcome of interest, we stand-
ardized reported data into mean and standard deviation'” and
calculated log OR from the standardized MD.?* Where studies
described short- and medium-term outcome data with uni-
form follow-up using inconsistent effect measures, we stand-
ardized reported data as ORs for the meta-analysis.?!"?

Assessment of Methodological Quality

Two authors (Z.L. and L.A.P.) independently assessed the
methodological quality of included studies using the Quality
in Prognosis Studies (QUIPS) tool,”® with discrepancies
resolved through discussion with a third author (M.H.). The
Cochrane Prognosis Methods Group recommends the use of
the QUIPS tool when assessing risk of bias in prognostic fac-
tor studies, which evaluates methodological quality over 6
domains: study participation, study attrition, prognostic fac-
tor measurement, outcome measurement, study confounding,
and statistical analysis and reporting.

Statistical Analysis and Data Synthesis

We tabulated the maximally adjusted ORs and HRs with
associated 95% ClIs from each study and generated summary
estimates using random-effects inverse-variance modeling. We
performed separate meta-analyses for each outcome where
reporting was sufficient across studies; otherwise, we per-
formed qualitative analyses.

We estimated statistical heterogeneity using the I? sta-
tistic for each outcome. We were unable to perform meta-
regression because of insufficient (<10) study number in
each analysis?*; however, we explored potential sources of
between-study heterogeneity with a series of sensitivity and
subgroup analyses, investigating the impact of troponin sub-
type (troponin I, T, and high-sensitivity variants), end point
definition, study risk of bias, and study design, where rel-
evant, on pooled effect sizes.

Where there were fewer than 10 included studies report-
ing on an outcome, publication bias was unable to be for-
mally assessed.?’ All analyses and figures were generated using
Review Manager 5.4.%¢

RESULTS

Search Results

The search returned 1927 results. One additional cita-
tion was identified from secondary searching of reference
lists. After deduplication, 1499 studies underwent title and
abstract screening. Sixty-eight potentially relevant stud-
ies underwent full-text review, from which 17 studies were
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included in this review. Of these, 9 were included in the quan-
titative analysis (Figure 1).

Description of Included Studies

Seventeen studies!>*”** involving 15443 participants (14
studies with 14403 adults and 3 studies with 1040 pedi-
atric patients) undergoing cardiac transplantation were
included. Detailed characteristics of included studies are
explored in Table 1.

Methodological Quality

Included studies had variable risk of bias as assessed by
the QUIPS tool. Two studies®®** were deemed to have overall
low risk of bias, 13 studies'*?737#0 were rated moderate, and
2 studies*'*?> were rated to have high overall risk of bias. All
studies performed well in domains of study attrition, prognos-
tic factor measurement, and outcome measurement. Anderson
et al*? was characterized by highly limited general reporting,
no evidence of consideration of possible study confounders,
minimal description of baseline population characteristics,
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and hence a high overall risk of bias. Boccheciampe et al*!
demonstrated selective nonreporting of donor troponin
details and was judged to be at high overall risk of bias. The
complete QUIPS assessment can be found in the SDC, http://
links.lww.com/TXD/A389.

RESULTS BY OUTCOME

Rejection
Thirty Days

Freundt et al*® reported a nonsignificant OR of 1.30 (95%
CI, 0.11-14.65) for elevated donor troponin and graft rejec-
tion within 30 d.

One Year

From 3 studies®®**? involving 271 patients, we found a
moderate and statistically significant association between
elevated donor troponin and graft rejection within 1y (OR,
2.54;95% CI,1.22-5.28) (Figure 2). Interstudy statistical het-
erogeneity was minimal (I? statistic 0%).

Records identified through Additional records identified
database searching through other sources
(=1927) n=1)
Records after duplicates removed
(n=1499)
Records screened N Records excluded
(n =1499) (n=1431)
Full-text articles assessed Full-text articles excluded,
for eligibility e with reasons
(n=68) (m=51)

m=17)

Studies included in qualitative synthesis

Studies included in
quantitative synthesis
(meta-analysis)

m=9)

FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram. Full-text articles were excluded for the following
reasons: 38 because of incorrect exposure measurement (recipient troponin rather than donor troponin), 6 because of incomplete troponin
reporting, 4 because of incorrect outcome measurement, and 3 because of identical cohorts to included studies.
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Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% Cl 1V, Random, 95% Cl
Anderson 1999 0.7987 0.5436 47.2% 2.22 [0.77, 6.45] T——
Boccheciampe 2009 1.0954 0.8203 20.7% 2.99 [0.60, 14.93] e —
Freundt 2018 1.0207 0.6588 32.1% 2.78[0.76, 10.09] T
Total (95% CI) 100.0% 2.54 [1.22, 5.28] R

ity: 2 = : iZ = = = 12 = } } } }
Heterogeneity: Tau® = 0.00; Chi* = 0.12, df = 2 (P = 0.94); I’ = 0% 001 o 1 0 10h

Test for overall effect: Z = 2.49 (P = 0.01)

FIGURE 2. Forest plot for elevated donor troponin in predicting 1-y rejection post cardiac transplantation. Cl, confidence interval; df, degree

of freedom.

Thirty Days

Elevated troponin was not associated with an increased
risk of 30-d mortality (OR, 1.19; 95% CI, 0.84-1.69; 6 stud-
ies; 12 654 participants) (Figure 3A).13:27:30,33,37.38

Interstudy statistical heterogeneity was substantial (I* sta-
tistic 69%). All studies were deemed to have a moderate risk
of bias. We explored sources of heterogeneity in a series of
subgroup analyses, grouping studies by troponin subtype and
study design, and investigated whether or not subgroup differ-
ences could account for observed between-study heterogene-
ity. Troponin subtype and study design accounted for up to
56.4% and 35.2% of interstudy heterogeneity, respectively;
however, tests for subgroup differences were not statistically
significant (P = 0.13, and P = 0.21, respectively) (Figures S1
and S2, SDC, http:/links.Iww.com/TXD/A389, respectively,

and SDC, http:/links.lww.com/TXD/A389). Residual het-
erogeneity may be attributable to systematic differences in
unreported study baseline characteristics and other study and
patient-level factors.

One Year

From § studies!3#7:30:3337.3841 inyolving 12501 patients, we
found no association between elevated donor troponin and
1-y mortality; the result was not statistically significant (OR,
0.97; 95% CI, 0.75-1.25) (Figure 3B). There was not signifi-
cant interstudy statistical heterogeneity (I? statistic 28 %).

Long-Term

We found no association between elevated troponin and
long-term mortality after cardiac transplant (HR, 1.36; 95%
CI, 0.89-2.08; 4 studies; 12462 patients).3335373% (Figure 3C).

A Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI

Freundt 2018 1.2892 0.5312 8.7% 3.63[1.28,10.28]

Galeone 2017 -0.0729 0.0428 39.7% 0.93 [0.85, 1.01]

Khush 2013 -0.3857 0.4709 10.5% 0.68[0.27, 1.71]

Madan 2016 0.0786 0.1175 34.5% 1.08 [0.86, 1.36]

Potapov 2001 1.9095 0.6947 5.6% 6.75[1.73, 26.34] —

Venkateswaran 2009 -0.0527 1.6954 1.1%  0.95[0.03, 26.32]

Total (95% CI) 100.0% 1.19 [0.84, 1.69] £

Heterogeneity: Tau? = 0.08; Chi? = 16.28, df = 5 (P = 0.006); 1> = 69% I u 1 t {

Test for overall effect: Z = 1.00 (P = 0.32) L L ) = AL
B Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% CI

Boccheciampe 2009 1.4035 1.4846 0.8% 4.07[0.22, 74.68] I

Galeone 2017 -0.1325 0.207 25.6% 0.88 [0.58, 1.31]

Khush 2013 -0.462 0.2872 16.1% 0.63 [0.36, 1.11]

Madan 2016 0.1106 0.078 56.6% 1.12 [0.96, 1.30]

Venkateswaran 2009 0.5306 1.3263 1.0% 1.70[0.13, 22.88]

Total (95% CI) 100.0% 0.97 [0.75, 1.25] #

Heterogeneity: Tau? = 0.02; Chi? = 5.52, df = 4 (P = 0.24); I*> = 28% + t T t t
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FIGURE 3. Forest plot for elevated donor troponin in predicting mortality post cardiac transplantation. (A) 30 d mortality, (B) 1 y mortality,
and (C) long-term mortality. Cl, confidence interval; df, degree of freedom.
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Interstudy statistical heterogeneity was considerable (I sta-
tistic 86%). We explored sources of heterogeneity in a series
of sensitivity and subgroup analyses, grouping studies by
troponin subtype, risk of bias, and study design, and inves-
tigated whether or not subgroup differences could account
for observed between-study heterogeneity. Kutschmann et al®
did not report the subtype of donor troponin measured; reas-
suringly, sensitivity analysis removing this study revealed no
significant change to the overall summary estimate’s direction
or statistical significance (Figure S3, SDC, http://links.lww.
com/TXD/A389). Study design accounted for up to 94.8%
of observed interstudy heterogeneity. A test for subgroup dif-
ferences was statistically significant (P < 0.0001), with forest
plots suggesting subgroup differences between single-center
and multicenter study designs (Figure S4, SDC, http://links.
lww.com/TXD/A389). Risk of bias accounted for up to 67.4%
of interstudy heterogeneity; however, a test for subgroup dif-
ferences was not statistically significant (P = 0.08) (Figure S5,
SDC, http:/links.Iww.com/TXD/A389). Troponin subtype
accounted for 0% of observed interstudy heterogeneity, and
a test for subgroup differences was not statistically significant
(P = 0.50) (Figure S3, SDC, http://links.lww.com/TXD/A389).
Residual heterogeneity may be attributable to systematic dif-
ferences in unreported study baseline characteristics and other
study and patient-level factors.

Primary Graft Failure

Five included studies?®?**%3340 involving 11716 patients
reported the association between elevated donor troponin and
primary graft failure. We elected not to perform meta-analysis
in light of significant clinical, methodological, and reporting
heterogeneity.

D’Alessandro et al** and Potapov et al*’ reported statisti-
cally significant ORs for elevated donor troponin and primary
graft failure within 48h (OR, 2.33; 95% CI, 1.09-5.01) and
12h (OR, 68.4; 95% CI, 11.5-405.4), respectively. No asso-
ciation between donor troponin and primary graft failure was
reported by Marasco et al*> (OR, 0.98; 95% CI, 0.92-1.04),
Szarszoi et al*® (MD, -0.01 ng/mL; 95% CI, -0.03 to 0.01ng/
mL), and Madan et al*® (HR, 1.20; 95% CI, 0.83-1.73 for
troponin elevated between 1 and 10ng/mL; HR, 0.53; 95%
CI, 0.13-2.20 for troponin elevated >10ng/mL).

Cardiac Allograft Vasculopathy

Two included studies® 33384 involving 11114 patients
reported the association between donor troponin and long-
term development of cardiac allograft vasculopathy. Miller
et al’! reported significantly lower donor troponin I (MD,
-0.31ng/mL; 95% CI, -0.36 to -0.25) and troponin T (MD,
-0.03ng/mL; 95% CI, -0.04 to -0.03) in 83 recipients who
developed cardiac allograft vasculopathy compared to 88 who
did not at 10-y follow-up. However, in a much larger cohort
of 10943 patients, Madan et al** reported no association
between donor troponin levels and 5-y development of car-
diac allograft vasculopathy (HR, 1.00; 95% CI, 0.88-1.13).

Pediatric Graft Loss

Three studies’*3¢3? involving 1040 pediatric patients meas-
ured the association between elevated donor troponin and
graft loss. In a single-center observational study, Grant et al®®
prospectively followed 19 pediatric patients. At 1 y, all §
episodes of graft loss were associated with elevated donor
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troponin levels, whereas 3 patients with elevated donor tro-
ponin did not experience graft loss. Easterwood et al*” and Lin
et al** were larger, retrospective, multicenter studies analyz-
ing donor troponin in 182 and 839 pediatric patients, respec-
tively. Both studies found no significant association between
donor troponin levels and pediatric graft loss, at 10-y (HR,
0.40; 95% CI, 0.15-1.20) and 2-y (OR, 1.01; 95% CI, 0.55-
1.85) follow-up, respectively.

DISCUSSION

To our knowledge, this is the first systematic review and
meta-analysis investigating the prognostic value of elevated
donor troponin in predicting adverse outcomes after cardiac
transplantation. Synthesizing data from over 15000 patients,
we found that the prognostic utility of donor troponin in pre-
dicting primary graft failure, acute rejection at 30 d, mortal-
ity, cardiac allograft vasculopathy, and pediatric graft loss is
limited.

From a small sample size (3 studies of 271 patients), we
found a signal that elevated troponin was associated with
graft rejection at 1 y. However, the clinical implications of
this finding are unclear given the lack of association of donor
troponin with both early rejection and mortality. Further
research is needed to interrogate the clinical significance of
this association and to corroborate the relationship between
donor troponin and other late adverse outcomes.

Interstudy heterogeneity was particularly significant in
the meta-analysis of long-term mortality. However, through
a series of subgroup analyses, we found that differences in
study design offered a convincing explanation, contributed up
to 94.8% of observed interstudy heterogeneity. Specifically,
heterogeneity arises from smaller studies with single-center
designs reporting higher and statistically significant effect esti-
mates, whereas larger, multicenter studies reported more con-
servative HRs, which were not statistically significant. Given
the need for external validity and generalizability across
centers and populations for troponin-based predictions to be
viable, the findings of the multicenter studies are especially
important, and their consistency with our pooled finding of
no effect strengthens our pooled finding despite statistical
heterogeneity. It is also worth noting that the subtype of tro-
ponin measured (I versus T) was not a significant modifier of
outcome effect in any subgroup analysis, allowing generaliza-
tion of results to cardiac troponin in general rather than any
specific measured subtype.

We identified a paucity of studies utilizing high-sensitivity
troponin assays compared to conventional troponin assays.
Of the 17 studies included in this systematic review, only
one study used high-sensitivity troponin assays. The greater
predictive power of high-sensitivity troponin is well appreci-
ated in cardiovascular disease***; in cardiac transplantation,
a recent systematic review of troponin in diagnosing acute
cellular rejection found that high-sensitivity troponin assays
were superior to conventional troponin assays in ruling out
acute cellular rejection.!® Whether or not this increased pre-
dictive value may extend into the prognostic realm remains
to be clarified. Future prospective observational studies may
provide more sophisticated insights in risk determination.

Limitations exist in our study. Troponin levels appear influ-
enced by the time at which they are measured during donor
management, with higher levels soon after brain death and
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lower levels subsequently as cardiac function improves.?
However, since this information was conspicuously absent
from the reporting of most included studies, it is difficult to
know whether or to what extent timing of donor troponin
measurement influenced our findings or contributed to
interstudy heterogeneity. In addition, the methodologies of
included studies were such that only donor troponin levels of
hearts selected for transplantation are analyzed. Given that
elevated donor troponin has, in practice, been associated with
donor heart nonuse,'® our results may be influenced by selec-
tion bias if hearts with lower troponin levels were more likely
to be transplanted in the first place, leading to an artificially
narrowed range of lower donor troponin levels in our sam-
ple, or vice versa. Although randomization of donor hearts
to recipients could eliminate this bias, such practice would be
ethically questionable. Furthermore, although only a few stud-
ies were identified to have high risk of bias, studies at low risk
of bias were also rare. Additionally, the majority of included
studies were retrospective and single centered, and we were
also unable to formally assess the presence and effect of pub-
lication bias because of the low study numbers per analysis,
which we presume is present.”’ There was marked heterogene-
ity in definitions of elevated troponin and cutoff values rang-
ing from 0.1 to 3.1, and we were unable to account for this
difference in a meta-regression because of insufficient (<10)
studies in our analyses. Finally, although subgroup analyses
revealed substantial contributors to heterogeneity, residual
heterogeneity remains.

This review highlights opportunities for future research. The
unmet need for additional donor hearts has seen the imple-
mentation of expanded criteria for donor organ selection and
increasing utilization of marginal hearts—including hearts
with left ventricular dysfunction or hypertrophy, from donors
with multiple medical comorbidities, or after cardiopulmo-
nary resuscitation—in patients who would not otherwise have
qualified for transplantation.? This highlights the importance
of comprehensive, multimodal risk stratification including
clinical, echocardiographic, and blood-based biomarker data in
donor selection to maximize donation potential. Whether or
not existing clinical risk stratification models may be enhanced
by the inclusion of blood-based parameters is a sphere of grow-
ing interest.**3 Sixteen risk prediction models exist for predict-
ing adverse outcomes post cardiac transplantation; however, all
have poor to moderate discriminative power, and few incorpo-
rate donor hematological biomarkers.** Although this system-
atic review and meta-analysis suggests that donor troponin is
unlikely to predict adverse outcomes following cardiac trans-
plantation, the addition of other potentially prognostic donor
serum parameters such as B-type natriuretic peptide and, more
recently, donor-derived cell-free DNA into multibiomarker
prognostic models could enrich clinical evaluation and prog-
nostication.”*>*° Donor-derived cell-free DNA, in particular, has
shown remarkable promise in the detection of allograft rejec-
tion in both cardiac and renal transplantation®”*°; whether or
not early measurements could be prognostic for future adverse
outcomes remains to be investigated in prognostic marker stud-
ies.®! Future high-quality studies with comprehensive, nonselec-
tive study reporting of baseline characteristics and results and
consideration of important confounders through multivariable
analyses are needed in the identification of potentially prognos-
tic factors in cardiac transplantation and validate their inclu-
sion in sophisticated prognostic modeling.t!-¢2
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Reassuringly, an elevated donor troponin does not neces-
sarily portend a poor prognosis, and the available evidence
does not support the routine exclusion of donor hearts on the
basis of an elevated troponin level. Otherwise eligible donor
hearts with isolated elevated troponin should be considered
for transplantation.
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