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BACKGROUND: Elevated cardiac troponin (cTn) is often
observed in patients with acute decompensated heart fail-
ure (ADHF). We assessed the magnitude of association and
quality of supporting evidence between cTn and clinically
important outcomes in persons hospitalized for ADHF.

METHODS: We searched MEDLINE In-Process & Other
Non-Indexed Citations, MEDLINE, Embase, Cochrane Central
Register of Controlled Trials, Cochrane Database of Systematic
Reviews, and Scopus from inception through February 28,
2015. The outcomes analyzed included hospital length of stay
(LOS), readmissions, and mortality. Random effects meta-
analysis was used to combine outcomes across studies.

RESULTS: We included 26 clinical studies. A detectable or
elevated cTn was associated with increased LOS (odds
ratio [OR]: 1.05; 95% confidence interval [Cl]: 1.01-1.10),
increased in-hospital mortality (OR: 2.57; 95% ClI: 2.27-
2.91), and a composite of mortality and major adverse

events (OR: 1.33; 95% CI: 1.03-1.71) during hospitalization.
ADHF patients with a detectable or elevated cTn were at
increased risk for mortality and composite of mortality and
readmission over the short term (mortality OR: 2.11; 95%
Cl: 1.43-3.12; composite OR: 2.81; 95% CI: 1.60-4.92),
intermediate term (mortality OR: 2.21; 95% CI: 1.46-3.35;
composite OR: 2.30; 95% Cl: 1.78-2.99), and long term
(mortality OR: 3.69; 95% ClI: 2.64-5.18; composite OR: 3.49;
95% CI: 2.08-5.84). The overall confidence in estimates was
moderate.

CONCLUSIONS: Among ADHF patients, a detectable or
elevated cTn identifies subjects at increased risk for
adverse clinical outcomes during acute hospitalization
and those at higher risk for postdischarge mortality and
composite of readmission and mortality. Journal of Hospital
Medicine 2016;11:446-454. © 2016 Society of Hospital
Medicine

Acute decompensated heart failure (ADHF) accounts
for over a million hospitalizations per year, with a
reported all-cause mortality rate 11.7% and all-cause
readmission rate 22.5% at 30 days after initial
hospitalization.'

Risk stratification for accurate identification of
ADHEF patients at high risk for readmission and mor-
tality may enable clinicians to undertake timely inter-
ventions: triage to appropriate level of care and
resource allocation for postdischarge care. Further
risk stratification may allow the care team to plan and
implement a personalized care plan. Several clinical
and laboratory variables have been proposed for iden-
tification of patients with ADHF who are at increased
risk for adverse clinical outcomes. Despite advances in
the risk stratification of patients with ADHF, the
accurate prediction of individuals at high risk for
readmissions and mortality is challenging. Cardiac
troponin T (¢TnT) and I (cTnl) are highly sensitive
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and specific biomarkers that are widely used for the
risk stratification of patients with acute myocardial
infarction and stable heart failure.”

In this systematic review and meta-analysis, we evalu-
ate circulating cardiac troponin in determining risk for
increased length of stay (LOS), hospital readmission,
and mortality among patients admitted with ADHF.

METHODS

Data Sources and Searches

This systematic review and meta-analysis was con-
ducted in accordance with the established methods?
and Preferred Reporting Items for Systematic Review
and Meta-Analysis (PRISMA) guidelines.* Risk of bias
was evaluated using the Newcastle-Ottawa Scale for
cohort studies.” We performed a comprehensive
search of several databases from each database’s ear-
liest inception to March 2015 without language
restrictions. The databases included MEDLINE In-
Process & Other Non-Indexed Citations, MEDLINE,
Embase, Cochrane Central Register of Controlled Tri-
als, Cochrane Database of Systematic Reviews, and
Scopus. We conducted a manual search for bibliogra-
phy of pertinent reviews for relevant citations that our
electronic searches might have missed. The actual
strategy is available from the corresponding author.

Study Selection
Eligibility criteria included: (1) randomized or non-
randomized clinical trials involving adults hospitalized
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with ADHF, (2) comparator groups stratified by car-
diac troponin (cTn) level as defined by individual
study investigators, and (3) studies reporting 1 or
more of the following clinical outcomes: (1) in-
hospital mortality, (2) hospital LOS, (3) major adverse
events during hospitalization (defined as persistent
dyspnea,® worsening of heart failure,” worsening of
renal function [creatinine >0.3 mg/dL],® or recurrent
myocardial ischemia® after hospitalization for ADHF),
(4) postdischarge readmission, (5) postdischarge mor-
tality rate, and (6) the composite of readmission and
mortality. We excluded studies incorporating patients
with (1) stable heart failure, (2) acute myocarditis, (3)
chemotherapy-induced cardiomyopathy, (4) postsurgi-
cal heart failure, (5) transplanted heart, (6) left ven-
tricular assist device, and (7) hemodialysis.

We incorporated the description of ADHF from
national registry for defining ADHF.'® The lower limit
of detection of ¢Tn level in healthy subjects is assay
dependent, each with a different cutoff value. To
improve uniformity of expression in the present meta-
analysis, we arbitrarily stratified groups by the level of
cTn: (1) undetected ¢Tn (cTnT <0.01; ¢Tnl <0.012
pug/L), (2) detectable ¢Tn (¢TnT 0.01-0.03; c¢Tnl
0.012-0.03 pg/L), and (3) elevated ¢Tn (¢TnT >0.03;
cTnl >0.034 pg/L).

Data Extraction and Risk of Bias Assessment

From the results of the initial search, 2 investigators
(M.Y. and A.D.A), working independently, reviewed
articles for eligibility on the basis of titles and
abstracts. Studies that satisfied the inclusion and
exclusion criteria were retrieved for full-text review.
Disagreements were resolved by consensus after dis-
cussion among investigators, and retained conflicts
were adjudicated by a third investigator.

We extracted the following data from each study:
type of study, number of participants, age, gender,
type of ¢Tn assayed and cut point, comorbidities,
length of follow-up, and outcome measure. Prevalence
of detectable or elevated c¢Tn, measure of association
with clinical outcomes (hazard ratio [HR], odds ratio
[OR], or relative risk) were also abstracted. When HR
or OR were not reported for an outcome, based on
other provided data, we estimated HR using previ-
ously validated methods.*

Data Synthesis and Analysis

Studies were stratified by ¢Tn cutoff point and length
of follow-up. To reduce heterogeneity, studies report-
ing clinical outcomes at multiple time periods after
the index hospitalization were grouped in three cate-
gories: (1) studies with short-term follow up (0-6
months), (2) studies with intermediate-term follow-up
(up to 1 year), and (3) studies with long-term follow-
up (up to 3.5 years). We used the DerSimonian and
Laird random effects model to combine OR or HR
reported by individual studies. The consistency of the
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results of the studies was assessed by I? statistics, with
values >40% considered as indicators of heterogene-
ity. We evaluated statistically for publication bias if a
sufficient number of studies was available, because
such evaluation is unreliable when<20 studies are
included in a particular analysis.'?

Sensitivity analyses were performed to investigate
the robustness of results to a few assumptions. Analy-
ses were repeated excluding studies reporting unad-
justed relative effect measures to assess whether
confounding had a large effect on overall results. Sim-
ilarly, analysis was repeated omitting studies reporting
detectable ¢Tn as opposed to elevated ¢Tn level to
assess whether these studies influence overall results.
All statistical analyses were conducted using Stata
14.0 (StataCorp, College Station, TX).

Quality and Risk of Bias Assessment

The Newcastle-Ottawa scale was used to assess the qual-
ity and risk of bias in cohort studies as suggested by the
Cochrane Collaboration.'® For the assessment of risk of
bias, a study was awarded a maximum of 1 star for each
of the 7 items from 2 domains: (1) selection of cohort
(representativeness of the exposed cohort, selection of
the nonexposed cohort, ascertainment of exposure, and
demonstration that the outcome of interest was not pres-
ent at the start of the study) and (2) outcome (assessment
of outcome, was the follow-up long enough, adequacy of
the follow-up of the cohort), and a maximum of 2 stars
for comparability of the cohort (comparability on the
basis of design and analysis) (Table 1).

RESULTS

Search Results

Figure 1 represents the PRISMA flow diagram for lit-
erature search and selection process to identify eligible
studies for inclusion.

Characteristics of Included Studies
We identified 26 studies, which were all observational
cohorts with postdischarge median follow-up from 30
days to 472 days. Table 2 summarizes the study charac-
teristics. Studies were heterogeneous with regard to
prevalence of elevated ¢Tn, cTn assay, and length of
follow-up. Thirteen were single-center and 5 were mul-
ticenter studies, 4 were substudies of large multicenter
phase III clinical trials, and 4 were registries. Except for
one abstracts, all studies were peer-reviewed publica-
tions. Sample size ranged from 34 to 69,259 patients.
Table 3 stratifies the characteristics of study popula-
tions by ¢Tn status. The studies included 77,297 par-
ticipants hospitalized for ADHF, of whom 7176
(9.3%) had detectable or elevated cTn level. Twenty-
five studies reported data on type of ¢Tn measured
(cTnl, cTnT, or both) and reported cutoff values for
detectable or elevated ¢Tn (Table 3). The percentages
of patients who had detectable or elevated ¢Tn varied
widely across the studies (6.2%-68%). Most studies
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TABLE 1. Risk of Bias Assessment (Newcastle-Ottawa Scale)

Selection Compatibility Outcome
Source Year St S2 S3 S4 C1 Cc2 01 02 03 Quality
Del Carlo gt al*! 2009 * * * . R ;
Felker etal® 2012 * * + . . 5
Gattis et al. 2004 x * * R . . . ;
Guisado Espartero et al 2 2014 * * * . N . 5
Ishii et al* 2002 * + * . R ;
Kuwabara et al 2 2007 * * * . . :
La Vecchia et al.% 2000 * * * * . R . ]
La Corvoisie et al.” 2014 * * * * ‘ . . .
Manzano-Fernandez et al. 2009 * * * ‘ . 5
Metra et al % 2007 * + * . R 5
Nakamura et al 2014 * . * * . . . . ]
0'Connor t al2 2011 * * * . ‘ . . . ;
Oliveira et al. 2010 . * * . . . . . ;
Parissis et al.% 2011 + * * * . R . .
Parissis et al.” 2013 * . * * . . . . ;
Pascual-Figal et al & 2012 * * * * . R ;
Peacock et al.'® 2008 * * * * * . . . . g
Pemna etal.’® 2005 * * * . . . . ;
Pema etal.'® 2002 * * . . . . ]
Perna et al 2012 x * . ‘ . . ]
Rudiger et al 2005 * . * * . . ;
Shan etal."® 2007 * . * * 4
Wallenborn et al 2 2013 . x * * . . . ;
Yue etal? 2011 s x * R . . . .
You et al.® 2007 * x * * . . . . R 9
Zairis etal 2010 * * * * . . . .

NOTE: S1 = Representativeness of the exposed cohort. S2 = Selection of the nonexposed cohort. S3 = Ascertainment of exposure. S4 = Demonstration that the outcome of interest was not present at the start of the study.
C1 = Comparability of the cohort on the basis of design. C2 = Comparability of the cohort on the basis of analysis. 01 = Assessment of outcome. 02 = Was the follow-up long enough for outcomes to occur? 03 = Adequacy of

the follow-up of cohorts.
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FIG. 1. Summary of evidence search and selection. Abbreviations: ER, emergency room.
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TABLE 2. Characteristics of Participants in Studies Included in the Meta-analysis

Patient Population

Clinical Outcomes

Source Year Design No. of Patients Age, y Men,% CAD HFType LVEF Mean % Follow-up Endpoints

Del Carlo gt al*! 2009  Single 70 54 =16 69 26 HFEF 31+8 262 (3-393) days Readmission, mortality
Felker etal® 2012 Substudy 808 67 70 61 Both 25 Hosp, 30 days, 6 months ~ MAE, LOS, readmission, mortality
Gattis et al. 2004 Substudy 133 NR NR NR MR NR Hosp MAE, mortality

Guisado Esparteroetal 2014 Registry 406 77 (76-78) 42 25 Both 50 (44-56) 1 year Readmission, mortality

Ishii et al.2 2002 Single 9 69+9 52 %M 017 Hosp, 60 days, >1year  Readmission, mortality
Kuwabara et al.2 2007 Sngle 52 72+12 59 7 MR 47 +16 143 (13-540) days Readmission, mortality

La Vecchiaetal ® 2000  Single 34 60 (28-85) 79 38 HREF NR 90 days Mortality

La Corvoiie et al.” 2014 Mulicenter 307 NR R MR \R Hosp Mortality
Manzano-Fernandez etal™® 2009 Single 138 74 (67-801) 54 3% MR NR 261 (161-449) days Readmission, mortality
Metra et al 2007 Single 116 NR NR NR - NR NR 184 (7-444) days Readmission, mortality
Nakamura et al.* 2014 Single 444 NR 63 15 MR \R 472(200-1,200)days ~ Mortality

0'Connor gt al2 2011 Substudy 288 73(65-77) 59 74 AR NR Hosp, 60 days MAE, readmission, mortality
Oliveira et al* 2010 Multicenter 79 NR 61 18 HFEF 21 8 months MAE, readmission, mortality
Parissis et al © 2011 Multicenter 837 NR 48 20 HFpEF NR Hosp Mortality

Parissis et al ® 2013 Single 113 731 68 % MR 36+ 11 174 (94-726) days Mortality

Pascual-Figal et al.¥ 2012 Single 202 74 (67-80) 55 34 Both 49 (32-60) 406 (204-728) days Mortality

Peacock et al.'® 2008 Registry 69,259 4+14 45 5  Both 34 Hosp L0S, mortality

Perna etal.”® 2005  Single 184 64 =13 60 38 Both NR Hosp, 3 years Readmission, mortality
Pernaetal.”® 2002 Single 84 65 =14 62 5 MR NR Hosp, 1 year Readmission, mortality
Perna et al 2012 Single 500 713+12 53 38 HFpEF 58+11 6 months Readmission, mortality
Rudiger et al” 2005 Multicenter 312 73+12 56 70 Both NR 30 days, 1 year Mortality

Shah et al."® 2007 Substudy 1#H NR NR NR  HREF NR Hosp, 6 months LOS, readmission, mortality
Wallenbor et al 2013 Registry 879 69 +12 72 5 MR 0+8 (-6 months, 6-18 months ~ Mortality

Yue etal® 2011 Single 144 68+ 13 9% 62 Both 48+18 90 days Readmission, mortality
Youetal® 2007 Registry 2,025 76 = 11 50 5  Both NR 1 year Mortality

Zairis etal 2010 Mulicenter 577 4+8 68 7 HREF B+5  3Mdays Mortality

NOTE: Abbreviations: CAD, coronary artery disease; HF, heart failure, HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; Hosp, in-hospital follow-up; LVEF, left ventricular

ejection fraction; LOS, length of stay; MAE, major adverse events; NR, not reported.

utilized standard assays, and the cutoff point for ¢Tn
level was chosen arbitrary by study investigators or
derived from receiver operating characteristic curve
analysis. cTn level is assay dependent. For instance,
the 99th centile upper reference limit (URL) is 0.014
ng/mL for ¢TnT with the Roche high-sensitivity ¢TnT
assay, and 0.04 ng/mL with the Siemens cTnl-ultra
assay. Few studies of the present meta-analysis incor-
porated a ¢Tn cutoff point that defined acute myocar-
dial infarction.' Nine studies used a lower threshold
cTn level (cTnT >0.01->0.03; ¢Tnl >0.03) for strati-
fication into comparator groups.

Twenty-five studies reported performance of ¢Tn as
a dichotomized variable. A few studies, additionally,
examined clinical outcome in patients grouped by ter-
tiles by ¢Tn and determined the dose-response rela-
tionship using ¢Tn as a continuous variable. The
measure of association between ¢Tn and clinical out-
come was reported as HR or OR by 16 studies. The
remaining 6 studies reported the number of clinical
events in the groups by cTn level and therefore pro-
vided unadjusted estimates. The results of all meta-
analyses are depicted in Figure 2.

In-hospital Clinical Outcomes

Three studies examined the association between cTn level
and LOS.*'>'® One study (n = 808) found increased
LOS among patients with elevated ¢Tn.® Another study

(n = 141), which tested the cTn level as a continuous vari-
able, reported no statistically significant association
between ¢Tn level and LOS.'® A large, multicenter ADHF
registry (Acute Decompensated Heart Failure National
Registry), which reported elevated ¢Tn as a predictor of
LOS (mean stay 6.6 vs 5.5 days; P < 0.001) but did not
provide binary data (OR, confidence interval [CI]), was
therefore excluded from the meta-analysis."> The pooled
HRs from 2 studies revealed a significant increase in
LOS in the cohort with elevated ¢Tn (OR: 1.05, 95% CIL:
1.01-1.10, P = 0.06, I? = 59.5.0%, n = 949). Six studies
assessed in-hospital mortality,’>'"' and the meta-
analysis showed a significant increase in the risk of death
with no significant heterogeneity (OR: 2.57, 95% CI:
2.27-2.91, P = 0.744, I = 0.0%, n = 69,524). Similarly,
4 clinical studies®™ found detectable or elevated cTn as a
predictor of worsened composite clinical outcomes of

death and major cardiovascular events (OR: 1.33, 95%
CI: 1.03-1.71, P = 0.473, P= 0.0%,n = 1,313).

Short-term (0 to 6 Months) Clinical Outcomes
Short-term clinical outcome was assessed in 13 stud-
ies.®®1621239  Nine  studies addressed  mortal-
ity,®16:23728:30 3 studies readmission,'®*¢ and 7 studies a
composite of readmission and mortality during 6 months
. 6,8,21,22,24,26,29 :
postdischarge. The meta-analysis showed

increased mortality without significant heterogeneity
(OR: 2.11, 95% CI: 1.43-3.12, P = 0.000, I* 8.5%,
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TABLE 3. Baseline Characteristics of the Study Participants by Cardiac Troponin Status

Age Male Atrial Fibrillation CAD

Source Year No. of Patients No. cTn+ (%) ¢Tn Cutoff Tn+ Tn— Tn+ (%) No. (%) Tn+ (%) Tn+ (%)
Del Carlo etal.™ 2009 70 12(17) ¢t >0.10 NR NR NR 13(19) NR NR
Felker etal® 2012 808 404 (50) cTnT >0.034 69 65 364 (54) 334 (41) 170 (42) 243 (60)
Gattis et al.” 2004 133 91 (68) ¢TnT>1.0 70(61-80)  77(62-82) 46 (50) NR NR NR
Guisado Espartero et al 2014 406 241 (60) cTnT >0.02 NR NR 116 (49) 236 (58) 136 (56) T4 (31)
Ishii et al 2002 %8 NR ¢TnT >0.1 NR NR NR NR NR NR
Kuwabara et al 2 2007 52 31(60) NR NR NR 31(59 23 (44) NR NR

La Vecchia etal ® 2000 34 10 (29) cTnl >04 56 + 13 62+12 100 19(56) 5(50) 3(30)
La Corvoisie et al.” 2014 397 NR cTni>0.15 NR NR NR NR NR NR
Manzano-Fernandez et al.% 2009 138 NR ¢TnT >0.011 NR NR NR NR NR NR
Metra et al.2* 2007 116 41(38) ¢TT >0.01 NR NR NR NR NR 33(61)
Nakamura et al. 2014 444 224 (51) ¢TnT >0.028 67+ 14 66+ 14 133 (60) 160 (36) 72(32) 35(16)
0'Connor gt al2 2011 288 97 (34) ¢TnT >0.03 T 72 67 (69) NR NR NR
Oliveira et al* 2010 79 37 (47) ctnT >0.02 57+ 18 54 +17 26 (70) NR NR 6(16)
Parissis et al.% 2011 837 184(22) ¢TnT >0.01 NR NR NR NR NR NR
Parissis et al ® 2013 13 37(33) ¢TnT >0.077 74+8 72412 22 (59) 36(32) 12(32) 18 (49)
Pascual-Figal et al.¥ 2012 202 NR ¢TnT >0.02 NR NR NR 109 (54) NR NR
Peacock etal.'® 2008 69,259 4240(6.2) cTnl >1.0; ¢TnT >0.1 3+14 3+14 2,035 (48) 207 (30) 975 (23) 2,586 (58)
Perna etal.'® 2005 184 58 (31) ¢TnT >0.1 6413 65+13 37 (64) NR NR 30(52)
Pena etal.'® 2002 84 46 (55) ¢TnT >0.1 68+ 11 61+16 27 (59) NR NR 3(12)
Perna et al 2012 500 220 (44) ¢TnT >0.02 7410 2+14 125 (59) 177 (35) 70(32) 110 (50)
Rudiger et al 7 2005 312 88 (28) ¢TnT >0.1 NR NR NR NR NR NR
Shah etal.”® 2007 14 NR cTnl per 0.1 NR NR NR NR NR NR
Wallenbor et al 2 2013 879 332(37) ¢TnT >0.06 NR NR NR NR NR NR (50)
Yueetal® 201 144 NR cTnl >0.023 NR NR NR NR NR NR
Youetal® 2007 2,025 669 (34) cTnl >0.5 77+ 11 75+ 11 364 (53) NR NR 417 (60)
Zairis etal 2010 517 114(20) cTnl >0.42 NR NR NR 295 (51) NR 443(17)

NOTE: Abbreviations: CAD, coronary artery disease; NR, not reported; cTn, cardiac troponin; cTnl, cardiac troponin I; ¢TnT, cardiac troponin T; Tn+, participants with positive or elevated cTn.

9 studies, n = 3471) and an increase in the composite of
readmission and mortality with significant heterogeneity
(OR: 2.81, 95%CI: 1.60-4.92, P = 0.000, I 89.1%, 7
studies, n = 2028) among ADHF patients with detecta-
ble or elevated cTn. The association between cTn level
and readmission rate over 6 months post-discharge did
not reach statistical significance (OR: 1.00, 95% CI:
0.37-2.74, P = 0.034, I’ 77.9%, 2 studies, n = 641).

Intermediate-term (Up to 12 Months)

Clinical Outcomes

Intermediate-term (during the 12 months postdi-
scharge) clinical outcome was assessed in seven stud-
ies.!82%31-35 Five studies reported an association
between ¢Tn level and mortality.'®**3%3%35 The meta-
analysis demonstrated an increase in mortality with sig-
nificant heterogeneity (OR: 2.21, 95% CI: 1.46-3.35, P
= 0.048, I’ 58.4%, 5 studies, n = 2801). The pooled
HRs of 2 studies examining the association between
¢Tn and readmission rate'®* did not yield statistical
significance (OR: 1.55, 95% CI: 0.96-2.52, P = 0.233,
I? 29.6%, 2 studies, n = 590). A meta-analysis of 5
studies that assessed an association between ¢Tn and
outcome'$2*31733 showed a significant increase in the
risk of composite of readmission and mortality without
significant heterogeneity (OR: 2.30, 95% CIL: 1.78-
2.99, P = 0.666, I? 0.0%, 5 studies, n = 905) among
patients with a detectable or elevated ¢Tn.

Long-term (>1 Year) Clinical Outcomes

Long-term clinical outcome was assessed in 7 stud-
jes,18:19:21,24,28,36.37 The meta-analysis of 6 stud-
jes!®:19:21.28,36.37 Jemonstrated an increase in mortality
without significant heterogeneity (OR: 3.69, 95% CI:
2.64-5.18, P = 0.696, I> 0.0%, 6 studies, n = 1891)
among ADHF patients with a detectable or elevated
c¢Tn. Likewise, a composite of readmission rate and
mortality was also increased (OR: 3.49, 95% CI: 2.08-
5.84, P = 0.070, I? 57.5%, 4 studies, n = 448) in a
meta-analysis of 4 studies.'®?"?*3” The meta-analysis
of 4 studies'®'?*37 that assessed the association
between cTn level and readmission rate over long-term
follow-up showed no significant association (OR: 2.60,
95% CI: 0.80-8.44, P = 0.000, I? 99.9 %, 4 studies,
n = 576).

Confidence in the Estimates

Following the Grading of Recommendations Assess-
ment, Development, and Evaluation approach to evalu-
ate the confidence in the estimates from a systematic
review and meta-analysis®® (ie, certainty or strength of
evidence), we found that the association of a detectable
or elevated troponin with mortality and readmission is
moderate. This is due to a large effect (ie, relative asso-
ciation measure >2.0) demonstrated in observational
studies. The confidence in the estimate of association
with hospital LOS is low (smaller magnitude of effect).
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Studies 4, Participants = 443

NOTE: Weights are fromrandom effects analysis

Improved Worse Weight
Source Clinical Outcomes Clinical Outcomes OR (95% CI) (%)
In-hospital Clinical Qutcomes
In-hospital Mortality
Subtotal (F= 0.0%; P = 0.744) <> 257(2.27,291) 100.00
Studies 6;Participants = 69,524
In-hospital Composite of MAE and Mortality ‘ 1.33(1.03,1.71) 100.00
Subtotal (F= 0.0%;P = 0.473)
Studies 4; Participants = 1,313
Length of Hospitalization
Subtotal (F= 59.5%; P = 0.060) 1.05(1.01, 1.10)  100.00
Studies 2;Participants = 949
Short-term Clinical Outcomes
Mortality
Subtotal (F= 8.5%; P =0.000) * 211(1.43,3.12 100.00
Studies 9; Participants = 3,471 ( ' )
Readmission
Subtotal (F= 77.9%; P = 0.034) *
Studies 2; Participants = 641 1.00(0.37,2.74) 10000
Composite of Readmission and Mortality
Subtotal (F= 89.1%; P = 0.000) —~—cEe— : 4 : {
Studies 8; Participants = 1,921 281(1.60,4.92)  100.00
Intermediate-term Clinical Outcomes
Mortality
Subtotal (F= 58.4%; P = 0.048) —~=a 2.21(1.46,3.35) 100.00
Studies 5; Participants = 2,801
Readmission
Subtotal (F= 29.6%; P =0.233) = 1.55(0.96, 2.52 100.00
Studies 2; Participants = 590 ( )
Composite of Readmission and Mortality
Subtotal (F= 0.0%, P = 0.666) - 230(1.78,299) 100.00
Studies 5; Participants = 905
Long-term Clinical Outcomes
Mortality
Subtotal (F= 0.0%; P = 0.696) ’ 3.69(2.64,5.18 100.00
Studies 6; Participants =1,891 ( )
Readmission
Subtotal (F= 99.0%; P = 0.000) e R
Studies 4, Participants = 576 ] 260 (0.80,8.44) 100.00
Composite of Readmission and Mortality
Subtotal (F= 57.5%; P =0.070) _— 3.49(2.08,5.84) 100.00
T T T

T
05

2 4 8

FIG. 2. Results of all meta-analyses. Abbreviations: Cl, confidence interval; MAE, major adverse events; OR, odds ratio.

Analyses of in-hospital outcomes were not associated
with statistical heterogeneity, whereas several posthospi-
tal analyses had statistically significant heterogeneity.

DISCUSSION

We conducted a systematic review and meta-analysis of
published studies to assess the association between level
of ¢Tn and clinical outcomes including LOS, in-hospital
mortality, and short-, intermediate-, and long-term
readmission and death following index hospitalization
for ADHF. The results of our meta-analysis showed
that compared with negative or not-elevated cTn,
detectable or elevated ¢Tn was associated with
increased LOS and higher rates of in-hospital death
among patients with ADHF. In addition, mortality and

composite of mortality and readmission at short-, inter-
mediate- or long-term after index hospitalization were
greater in ADHF patients with a detectable or elevated
c¢Tn, as compared with those without elevated cTn,
with significant heterogeneity across the studies.
Finally, relatively fewer studies examined the associa-
tion between ¢Tn and readmission rate at multiple time
periods after index hospitalization for ADHF, and these
associations did not reach statistical significance.

In a review of 67,924 patients with ADHF from the
US National Registry, which was limited in assessing
inpatient mortality, Peacock et al. reported that a pos-
itive cardiac troponin test was associated with higher
in-hospital mortality, independently of other predic-
tive variables."> We confirmed this observation in the
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present meta-analysis, which also incorporated the
study by Peacock et al. Furthermore, our data
extended the findings of Peacock et al. to postdi-
scharge readmission and death. The association
between ¢Tn and clinical outcomes was adjusted to
multiple confounders across most studies included in
the present meta-analysis. Few studies in the present
meta-analysis showed a continuous and graded rela-
tionship between cTn level and clinical outcomes in
patients with ADHF.'>>3% Findings of previous studies
showed that ADHF patients with persistently elevated
¢Tn, measured at multiple time points during or fol-
lowing hospitalization, had worse clinical outcomes
than did patients without similar elevation in
cTn.”**? Conversely, a decline in ¢TnT levels on serial
measurements was associated with lower rates of
adverse clinical outcomes, potentially through allevia-
tion in ongoing myocardial injury.>” Additionally, ele-
vated ¢Tn in ambulatory heart failure patients
predicted incident hospitalization for acute decompen-
sation.*® Acute myocardial injury reflected by elevated
¢Tn can be hypothesized to promote ventricular
remodeling and thereby heart failure progression and
consequent adverse clinical outcomes. Consistent with
this hypothesis, a rise in ¢cTn was observed in conjunc-
tion with elevated biological markers that characterize
extracellular matrix remodeling in patients with heart
failure during the acute and postacute phase.*'**cTn
is released in blood in direct proportion to myocardial
injury.*® A rise or fall in ¢Tn with 1 value at or above
the 99th centile URL in conjunction with clinical evi-
dence of myocardial injury defines acute myocardial
infarction.'® Although patients with chronic stable
heart failure often have chronically elevated cTn,
those with ADHF may demonstrate an acute rise in
¢Tn, with values reaching above the 99th percentile of
URL in the absence of acute myocardial infarc-
tion.”>** The pathophysiology of elevated ¢Tn in
ADHF is probably multifactorial.'**>**¢ The preva-
lence of elevated cTn in ADHF varied with assay sen-
sitivity and the cutoff point chosen. For instance, in
an analysis of >105,000 patients with ADHF, the
prevalence of elevated ¢Tn was increased from 6.2%
with higher (cTnl >1.0 ng/mL or ¢TnT >0.1 ng/mL)
to 75% with a lower cutoff point for ¢Tn levels (cTnl
>0.4 ng/mL and ¢TnT >0.01 ng/mL)."

In the general population with no established coro-
nary artery disease, the prevalence of elevated ¢Tn is
contingent on sensitivity of the assay, age, and gen-
der.*’=% Elevated ¢Tn, beyond conventional risk fac-
tors, identifies a subgroup of individuals from the
general population who are at high risk for incident
heart failure and death.’! Furthermore, elevated cTn
is an independent predictor of short- and long-term
cardiovascular events in patients presenting to an
emergency department (ED) for ADHF.°>°? In 2 large
Canadian registries, an elevated ¢Tn was associated

with increased risk of death and cardiovascular read-
missions at 30 days after ED visit.”?

A number of recent studies have identified numer-
ous other biomarkers as independent prognostic indi-
cators in patients with heart failure. ¢Tn, when
combined with other biomarkers reflecting different
dimensions of heart failure pathophysiology such as
brain natriuretic peptide (BNP)/N-terminal pro-brain
natriuretic peptide, soluble ST2, or cystatin C,
enhanced the model’s predictive utility beyond indi-
vidual markers. For instance, patients with elevated
¢Tn who also have increased BNP (>840 pg/mL) had
in-hospital mortality of 10.2%, which was signifi-
cantly greater than the 4.4% in patients with elevated
BNP without detectable ¢Tn.>* Additionally, elevated
cTn along with elevated pro-brain natriuretic peptide
and cystatin C has been reported to offer incremental
prognostic information in patient with ADHF.?”

The present systematic review and meta-analysis is
the most comprehensive to date and incorporated many
observational cohorts with heterogeneous and unse-
lected patient population. The studies have used various
commercially available assays for the measurement of
¢TnT and cTnl. Therefore, findings of this meta-
analysis are applicable to a wider heart failure patient
population. This review has several limitations. The
association of elevated ¢Tn and clinical outcome is
likely affected by several confounders. Although we
used adjusted estimates when possible, we did not have
individual participant data. Due to the small number of
included studies in each analysis, we could not explore
heterogeneity causes using subgroup analysis or metare-
gression. For the same reasons, we could not statisti-
cally evaluate publication bias, which is likely in the
setting of observational studies. The meta-analysis is
mainly driven by a few large studies.

In summary, in a broad spectrum of patients with
ADHEF, a detectable or elevated c¢Tn is an independent
predictor of major adverse clinical events not only dur-
ing acute-phase hospitalization but also after stabiliza-
tion during the postdischarge phase. cTn is a widely
available and inexpensive biomarker that provides
important prognostic information and is likely to have
important implications for in-patient care and postdi-
scharge surveillance of patients hospitalized for ADHF.
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