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ARTICLE INFO ABSTRACT

Keywords: Background: To assess if cardiac troponins can improve diagnostics of acute heart failure (AHF) and provide
T‘r’JPOI‘in prognostic information in patients with acute dyspnea.

Biomarker Methods: We measured cardiac troponin T with a high-sensitivity assay (hs-cTnT) in 314 patients hospitalized
Ei;ﬁof:lsiiar with acute dyspnea. The index diagnosis was adjudicated and AHF patients were stratified into AHF with reduced
HFpEF or preserved ejection fraction (HFrEF/HFpEF). The prognostic and diagnostic merit of hs-cTnT was compared to

the merit of N-terminal pro-B-type natriuretic peptide (NT-proBNP).

Results: In the total population, median age was 73 (quartile [Q] 1-3 63-81) years and 48% were women. One-
hundred-forty-three patients were categorized as AHF (46%) and these patients had higher hs-cTnT concen-
trations than patients with non-AHF-related dyspnea: median 38 (Q1-3 22-75) vs. 13 (4-25) ng/L; p < 0.001. hs-
cTnT concentrations were similar between patients with HFrEF and HFpEF (p = 0.80), in contrast to NT-proBNP,
which was higher in HFrEF (p < 0.001). C-statistics for discriminating HFpEF from non-AHF-related dyspnea was
0.80 (95% CI 0.73-0.86) for hs-cTnT, 0.79 (0.73-0.86) for NT-proBNP, and 0.83 (0.76-0.89) for hs-cTnT and
NT-proBNP in combination. Elevated hs-cTnT remained associated with HFpEF in logistic regression analysis
after adjusting for demographics, comorbidities and renal function. During median 27 months of follow-up, 114
(36%) patients died in the total population. Higher hs-cTnT concentrations were associated with increased risk of
all-cause mortality after adjustment for clinical variables and NT-proBNP: hazard ratio 1.30 (95% CI 1.07-1.58),
p = 0.009.

Conclusion: hs-cTnT measurements improve diagnostic accuracy for HFpEF and provide independent prognostic
information in unselected patients with acute dyspnea.

1. Introduction cardiac troponin elevations are present in numerous conditions such as

aortic dissection, thromboembolic disorders, structural heart disease,

Cardiac troponins are cornerstone markers for diagnosis, risk strat-
ification and selection of treatment strategy of acute coronary syndrome
(ACS). Since cardiac troponin testing was implemented in U.S. [1] and
European [2] guidelines for ACS twenty years ago, the diagnostic ac-
curacy for ACS has greatly improved, due to novel high-sensitivity
cardiac troponin (hs-cTn) assays with very low limit of detection.
However, with increased sensitivity comes decreased specificity, and

and others [3].

Heart failure (HF) is a clinical syndrome characterized by dyspnea,
peripheral edema and fatigue [4]. Diagnosing HF can be difficult due to
overlapping symptoms with other conditions, and the phenotype of HF
vary due to a broad spectrum of underlying pathophysiology. HF can be
classified according to left ventricular systolic function, where ejection
fraction (EF) < 40% is referred to as HF with reduced EF (HFrEF), EF
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40-49% as HF with mid-range EF (HFmrEF), and EF > 50% as HF with
preserved EF (HFpEF). Acute HF (AHF) is defined as a rapid onset or
worsening of symptoms and/or signs of HF, and has a poor outcome with
75% 5-year mortality for both HFrEF and HFpEF [5]. Numerous treat-
ments have improved survival in chronic HFrEF, but no treatment has
demonstrated improved survival in HFpEF [4]. Early diagnosis and
treatment of underlying risk factors are therefore important to prevent
progression of disease in HFpEF [6]. When suspecting AHF, European
guidelines recommend measuring natriuretic peptides to be able to rule
out AHF. Despite natriuretic peptides being significantly lower in HFpEF
compared to HFrEF [7], the similar thresholds are recommended for
both HFrEF and HFpEF. Key characteristics of HFpEF, such as atrial
fibrillation (AF), obesity and impaired renal function also substantially
influence natriuretic concentrations. Hence, natriuretic peptide testing
has important limitations in diagnosing HFpEF [8]. Cardiac troponins,
which are already available in most emergency departments (EDs),
provide diagnostic [9] and prognostic [10] information for AHF. How-
ever, the majority of studies have predominantly included patients with
HFrEF or undifferentiated AHF. Recent studies have also demonstrated
elevated cardiac troponin concentrations in patients with HFpEF [11],
and increased concentrations predict worse outcome [12]. Whether hs-
c¢TnT measurements can improve diagnostic accuracy of HFpEF and
provide prognostic information in patients presenting in the ED with
dyspnea is largely unknown. Accordingly, in this study we hypothesized
that hs—TnT concentrations would provide (1) independent diagnostic
information for HFpEF and (2) improve risk stratification among pa-
tients hospitalized with acute dyspnea.

2. Methods
2.1. Akershus cardiac examination (ACE) 2 study

The ACE 2 study was a prospective, single-center study at Akershus
University Hospital conducted from June 2009 through November
2010. Study details have previously been reported [13]. In short, pa-
tients hospitalized due to acute dyspnea were included if they were > 18
years of age and able to provide informed consent. Dedicated study
personnel screened for eligible patients during the daily morning
briefings at the ED, and additional blood sampling was done within 24
hours. Patients with disseminated malignant disease or other conditions
with short life expectancy, as well as patients who had gone through
major surgery, acute myocardial infarction or coronary intervention
within the last 2 weeks, were excluded. Of 468 patients hospitalized
with acute dyspnea, 314 patients were included in the final study cohort
(Fig. 1). We performed the study in accordance with the Declaration of
Helsinki and after approval from the Regional Ethics Committee. All
study participants provided written consent before study inclusion.

2.2. Data collection

All participants completed a standardized questionnaire and clinical
information was obtained directly from the ED physicians. We collected
additional data from the hospital’s electronic records, including blood
pressure, heart rate, body temperature, respiratory rate and medical
history. We defined known paroxysmal, persistent or chronic AF as
history of AF, history of previous myocardial infarction or previous
coronary intervention as coronary artery disease (CAD), and calculated
body mass index (BMI) as body weight / [height x height] (kg/mz). Left
ventricular ejection fraction (LVEF) and signs of diastolic dysfunction
were determined based on clinical routine transthoracic
echocardiography.

2.3. Adjudication of diagnosis and follow-up data

An adjudication committee decided the index diagnosis for all pa-
tients in the cohort. The committee consisted of two senior physicians,
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Fig. 1. Flow chart of the study.

who independently reviewed all relevant patient records, supplemen-
tary examinations, and follow-up data with median 464 days (quartile
[Q] 304-705 days) between admission and adjudication. In cases of
disagreement between the two adjudicators, discrepancy was resolved
by consensus. Consistency between the adjudicators was measured with
interrater reliability analysis using Kappa statistics. AHF diagnosis was
made according to ESC guidelines and required worsening of typical
symptoms of HF (e.g. dyspnea, edema, and fatigue), clinical signs of HF
(e.g. elevated jugular venous pressure, pulmonary crackles, and dis-
placed apex beat), and objective evidence of structural or functional
myocardial abnormality. Patients were diagnosed with HFpEF if they
had symptoms and clinical signs of AHF combined with LVEF > 50% and
echocardiographic evidence of diastolic dysfunction (including patho-
logic mitral E/A, E deceleration time, E/é and left atrial enlargement).
We did not differentiate between AHF patients with mid-range and
reduced EF, and these patients were classified together as HFrEF. We
obtained survival status on November 1st, 2012 from the hospital’s
electronic records, which are synchronized with Statistics Norway on a
monthly basis.

2.4. Biochemical measurements

Blood samples were obtained within 24 hours of hospital admission
in all patients, and day 2 (n = 231) and before discharge (n = 95) in a
subgroup of the cohort. Samples were centrifuged, serum immediately
frozen and stored at —80 °C before analysis. To measure cTnT concen-
trations, we used an hs assay (Elecsys TnT hs stat, Roche Diagnostics,
Penzberg, Germany) as previously reported [14]. The assay has a range
of detection from 3 to 10 000 ng/L, a 10% coefficient of variation of 13
ng/], and a 99th percentile in healthy individuals of 14 ng/L. hs-cTnT
values below the limit of detection were assigned the value 3 ng/L.
NT-proBNP was measured on a Cobas Platform (Roche Diagnostics,
Basel, Switzerland) using the proBNP II assay, with a range of detection
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from 5 to 35.000 ng/L. Measurements were performed without any prior
freeze-thaw cycles, and other groups have previously reported excellent
stability for both analytes regarding storage and freeze-thaw cycles with
the assays used in our study [15,16]. Estimated glomerular filtration rate
(eGFR) was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [17].

2.5. Statistical analysis

Continuous normally distributed variables are presented as mean
(standard error), and non-normally distributed variables, as assessed by
Kolmogorov-Smirnov test (e.g. biomarkers), are presented as median
(Q1-3). Differences were compared by the Mann-Whitney U test for non-
normally distributed variables and by the Student’s t-test for normally
distributed variables. All biomarkers were transformed by the natural
logarithm before analyses due to a right-skewed distribution. We pre-
sented dichotomous variables as absolute numbers and percentages, and
compared categorical data by the Chi-square test. Associations with
biomarker concentrations were assessed by univariable and multivari-
able linear regression analysis, whereas univariable and multivariable
logistic regression analysis were used to determine predictors of HFrEF
and HFpEF. When we compared non-AHF patients with the subgroups of
AHF, patients with HFpEF were excluded when analyzing HFrEF pa-
tients and vice versa. We calculated the continuous net reclassification
index with the R package PredictABEL [18] to assess the incremental
value of biomarkers to basic diagnostic models for HFpEF and HFrEF.
Variables in the basic diagnostic models were correlated with the
respective diagnoses in multiple logistic regression analysis. The accu-
racy of biomarkers for diagnosis and prognosis was assessed by oper-
ating statistics curve (ROC) analysis with the area under the curve
(AUC). The optimal cut-off values for the different biomarkers were
found by the Youden index (J) method, and used to calculate the
respective sensitivities, specificities, positive predictive values (PPV)
and negative predictive values (NPV). We stratified patients according
to biomarker quartiles and constructed Kaplan-Meier survival curves to
assess associations with mortality, and compared groups by the log-rank
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test. To identify independent predictors of all-cause mortality we
calculated univariable and multivariable Cox proportional hazard re-
gressions models. Analogously to the strategy of previous studies from
this cohort [13], variables were included in multivariable analysis if
they were significantly associated with the primary endpoint in uni-
variable analyses. We used the Wilcoxon Signed-Rank Test to compare
biomarker concentrations at different time points (delta values). When
determining the hazard ratio (HR) of delta values, we adjusted for the
baseline concentration by calculating HR for the ratio of delta change
divided by the baseline concentration. We performed analyses with SPSS
for Windows, version 23.0 (IBM Corp, Armonk, NY, USA), Medcalc for
Windows, version 19.0 (MedCalc Software, Ostend, Belgium) and R for
Windows (R Core Team, 2014).

3. Results
3.1. Patient characteristics

Of the 314 patients in the study, median age was 73 (Q1-3 63-81)
years, 150 were women (48%) and 101 patients (32%) had a history of
HF. AHF was adjudicated as the primary cause of hospitalization in 143
of 314 patients (46%). The adjudicator consensus of AHF diagnosis was
95% (x = 0.897 [0.848-0.946]). Patients with AHF were typically older,
more often male, and had more often previously established HF, AF,
CAD, hypertension and diabetes mellitus (DM), were less often daily
smokers and the prevalence of chronic obstructive pulmonary disease
(COPD) was lower (Table 1). Among AHF patients, 91 patients had
HFrEF and 52 patients had HFpEF (64% and 36% of the AHF population,
respectively). Compared to patients with HFrEF, patients with HFpEF
were older, more often women, and had lower prevalence of established
HF diagnosis and CAD (Table 1).

3.2. hs-cTnT concentrations in diagnosing acute heart failure

Concentrations of hs-cTnT ranged from 3 to 900 ng/L in the total
cohort with a median of 23 (Q1-3 10-42) ng/L. Old age, male sex, NYHA

Table 1
Baseline characteristics ACE2 cohort (n = 314)."
Non-HF (n = 171) AHF (n = 143) p HFrEF (n = 91) HFpEF (n = 52) P

Age, years 67 (61-77) 78 (68-83) <0.001 74 (66-81) 81 (74-85) 0.003
Male sex 74 (43%) 90 (63%) 0.001 69 (76%) 21 (40%) <0.001
BMI, kg/m2 25 (21-30) 27 (22-29) 0.29 27 (22-29) 27 (22-30) 0.47
Smoking 55 (32%) 30 (21%) 0.08 23 (25%) 7 (14%) 0.10
NYHA class IV 71 (42%) 65 (46%) 0.48 42 (46%) 23 (44%) 0.82
LVEF 60 (50-60) 40 (30-55) <0.001 35 (25-40) 55 (50-60) <0.001
History of:
HF 14 (8%) 87 (61%) <0.001 72 (79%) 15 (29%) <0.001
AF 28 (16%) 68 (48%) <0.001 45 (50%) 23 (44%) 0.55
COPD 94 (55%) 61 (43%) 0.030 38 (42%) 23 (44%) 0.77
CAD 33 (19%) 77 (54%) <0.001 61 (67%) 16 (31%) <0.001
HT 51 (30%) 69 (48%) 0.001 39 (43%) 30 (58%) 0.09
DM 25 (15%) 43 (30%) 0.001 29 (32%) 14 (27%) 0.54
Vitals in the ED:
Heart rate, bpm 94 (2) 92 (3) 0.19 93 (3) 91 (4) 0.82
sBP, mmHg 145 (2) 147 (3) 0.67 146 (4) 147 (4) 0.77
dBP, mmHg 78 (1) 82 (2) 0.12 84 (2) 78 (2) 0.09
Fever, > 38 °C 28 (16%) 9 (6%) 0.008 6 (7%) 3 (6%) 0.85
Biomarkers:
hs-cTnT on admission, ng/L 13 (4-25) 38 (22-75) <0.001 35 (23-74) 39 (19-96) 0.79
hs-cTnT on day 2, ng/L 13 (5-27) 35 (22-71) <0.001 36 (23-70) 35 (22-113) 0.71
hs-cTnT on discharge, ng/L 14 (4-26) 32 (16-48) <0.001 28 (14-42) 34 (28-48) 0.49
NT-proBNP on admission, ng/L 348(119-1139) 3600(1601-8396) <0.001 4308(2064-8738) 2293(704-4536) <0.001
CRP, mg/L 22 (3-65) 13 (5-37) 0.044 13 (5-30) 17 (6-40) 0.26
eGFR, ml/min/1.73 m? 87 (69-106) 66 (47-81) <0.001 67 (45-81) 63 (47-82) 0.90

BMI, Body mass index; NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; HF, heart failure; AF, atrial fibrillation; COPD, chronic obstructive
pulmonary disease; CAD, coronary artery disease; HT, hypertension; DM, diabetes mellitus; sBP, systolic blood pressure; dBP, diastolic blood pressure; CRP, C-reactive

protein; eGFR, estimated glomerular filtration rate
# Data are presented as mean (SE), n (%), or median (Q1-Q3).
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functional class IV, and greater NT-proBNP concentrations were asso-
ciated with increasing hs-cTnT concentrations, and these variables in
combination explained 54% of the variance of hs-cTnT concentrations in
the total study population (Table 2). Compared with patients with non-
AHF related dyspnea, AHF patients had higher concentrations of hs-
cTnT: 38 (Q1-3 22-75) vs 13 (4-25) ng/L, p < 0.001; and NT-proBNP:
3600 (1601-8396) vs 348 (119-1139) ng/L, p < 0.001. hs-cTnT con-
centrations were comparable between HFpEF and HFrEF: 39 (19-104)
vs. 35 (23-74) ng/L, p = 0.80, while NT-proBNP concentrations were
lower in patients with HFpEF compared to HFrEF: 2293 (687-4569) vs
4308 (2064-8738) ng/L, p = 0.001.

In multivariable logistic regression analyses, history of HF and
COPD, and hs-cTnT, NT-proBNP, and C-reactive protein concentrations
were associated with AHF (Table 3). Elevated hs-cTnT (OR 2.52 [95% CI
1.56-4.07], p < 0.001) and NT-proBNP (1.42 [1.04-1.93], p = 0.028)
concentrations, history of HF, and hypertension were associated with a
diagnosis of HFpEF in our population (Supplementary Table 1). Adding
hs-cTnT to a basic model for HFpEF that included NT-proBNP and
clinical variables resulted in a net reclassification improvement of 0.51
(95% CI 0.46-0.56; p < 0.001). In contrast, hs-cTnT concentrations were
not associated with HFrEF in multivariable analysis: OR 1.62 (95% CI
0.86-3.01), p = 0.13 (Supplementary Table 2).

AUC to diagnose AHF in the total cohort was 0.80 (95% CI
0.75-0.85) for hs-cTnT and 0.85 (0.81-0.89) for NT-proBNP (Supple-
mentary Table 3). AUC for NT-proBNP to diagnose HFrEF was superior
to hs-cTnT: 0.89 (0.85-0.93) vs. 0.80 (0.75-0.86), p = 0.003, while we
found comparable AUCs for NT-proBNP and hs-cTnT to differentiate
HFpEF from non-HF-related dyspnea: 0.79 (0.73-0.86) vs 0.80
(0.73-0.86), respectively, p = 0.95. The AUC to diagnose HFpEF for hs-
c¢TnT and NT-proBNP combined was 0.83 (0.76-0.89).

3.3. hs-cTnT concentrations and prognosis in acute dyspnea

In total, 114 patients (37%) died during median 823 (Q1-3 471-998)
days of follow-up. Stratifying all patients based on quartiles of hs-cTnT
concentrations separated patients with a poor and favorable prognosis
(p < 0.001 by log-rank test). Patients with both hs-cTnT and NT-proBNP
concentrations above the median had significantly worse outcome
compared to having both markers below median (Fig. 2; p < 0.001 by
log-rank test). After adjustment for NT-proBNP and other risk indices,
hs-cTnT concentrations at hospital admission were associated with
mortality in the total cohort after adjustment for other covariates: HR

Table 2
Variables associated with increased hs-cTnT concentrations (n = 314).
B 95% CI P-value

Univariate linear regression
Age 0.042 0.034-0.050 <0.001
Male sex 0.538 0.282-0.793 <0.001
BMI —0.018 —0.036-0.001 0.06
Smoking —0.447 —0.737-0.156 0.003
NYHA class IV 0.553 0.296-0.810 <0.001
History of:
HF 0.834 0.569-1.098 <0.001
AF 0.589 0.312-0.865 <0.001
COPD 0.147 —0.115-0.408 0.27
CAD 0.762 0.501-1.022 <0.001
HT 0.563 0.301-0.825 <0.001
DM 0.427 0.113-0.742 0.008
mNT-proBNP 0.420 0.368-0.473 <0.001
nCRP 0.090 0.001-0.179 0.047
me€GFR -1.129 —1.402-0.856 <0.001
Multivariable linear regression (backward selection) (r* = 0.54)
Age 0.016 0.009-0.024 <0.001
Male sex 0.503 0.321-0.684 <0.001
NYHA class IV 0.326 0.141-0.510 0.001
mNT-proBNP 0.314 0.251-0.377 <0.001

Abbreviations as described in table 1.
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Table 3
Variables associated with AHF as assessed by univariate and multivariable lo-
gistic regression analysis (n = 314).

OR 95% CI P-value  Wald
Univariate logistic regression
Age 1.055 1.034-1.076 <0.001  27.65
Male sex 2.226 1.413-3.507 0.001 11.90
BMI 1.004 0.974-1.036 0.79 0.07
Smoking 0.560 0.335-0.937 0.027 4.88
NYHA class IV 1.174 0.750-1.837 0.48 0.49
History of:
HF 17.422  9.172-33.093  <0.001  76.22
AF 4.630 2.749-7.799 <0.001  33.20
COPD 0.609 0.389-0.954 0.030 4.70
CAD 5.018 3.036-8.295 <0.001 39.57
HT 2.194 1.380-3.488 0.001 11.03
DM 2.511 1.442-4.373 0.001 10.58
inhs-cTnT 3.447 2.534-4.689 <0.001 62.13
inNT-proBNP 2.631 2.121-3.264 <0.001  77.46
1nCRP 0.828 0.709-0.968 0.018 5.62
meGFR 0.121 0.062-0.236 <0.001  38.45
Multivariable logistic regression

(backward: LR)

inhs-cTnT 2.387 1.540-3.701 <0.001  15.13
nNT-proBNP 2.142 1.579-2.907 <0.001 23.91
1nCRP 0.521 0.392-0.694 <0.001  19.88
History of:
HF 12.138 5.305-27.773 <0.001 34.94
COPD 0.357 0.171-0.746 0.006 7.51
HT 1.916 0.940-3.908 0.07 3.20

Abbreviations as described in Table 1.
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Fig. 2. Cumulative survival in patients with acute dyspnea stratified according
to concentrations above or below median for hs-cTnT and NT-proBNP.

1.30 (95% CI 1.07-1.58) per 1 unit increase in jpyhs-cTnT (p = 0.009)
(Table 4). For the total cohort, the AUC for hs-cTnT and NT-proBNP to
predict mortality were comparable with AUC 0.70 (95% CI 0.64-0.75)
and 0.67 (0.61-0.72), respectively, p = 0.32 (Supplementary Table 4).

In total 66 patients (46%) diagnosed with AHF died during follow-
up. For these patients, the AUC for hs-cTnT was 0.65 (0.56-0.74) to
predict mortality and the AUC of NT-proBNP was 0.67 (0.58-0.76).
Higher concentrations of hs-cTnT were associated with mortality among
AHF patients in unadjusted Cox regression analysis (p = 0.005), but this
association was attenuated and no longer significant after adjustment for
other risk indices and NT-proBNP (p = 0.15) (Supplementary Table 5).
For non-AHF patients, we found hs-cTnT concentrations to be associated
with mortality also in adjusted Cox regression analysis (p = 0.009)
(Supplementary Table 6).
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Table 4

Variables associated with all-cause mortality during follow-up as assessed by
univariate and multivariable Cox proportional hazard regression analysis (n =
314).

HR 95% CI P-value
Univariate
Age 1.048 1.031-1.066 <0.001
Male sex 0.997 0.691-1.440 0.99
BMI 0.930 0.899-0.961 <0.001
Smoking 0.957 0.628-1.460 0.84
NYHA class IV 1.858 1.283-2.691 0.001
History of:
HF 1.951 1.345-2.828 <0.001
AF 1.713 1.176-2.495 0.005
COPD 2.146 1.457-3.161 <0.001
CAD 1.294 0.888-0.883 0.18
HT 1.271 0.876-1.844 0.21
DM 1.251 0.812-1.928 0.31
mhs-¢cTnT 1.560 1.346-1.808 <0.001
nNT-proBNP 1.369 1.224-1.530 <0.001
mCRP 1.112 0.983-1.256 0.09
meGFR 0.522 0.342-0.798 0.003
Multivariable (backward: LR)
mhs-cTnT 1.299 1.067-1.581 0.009
mNT-proBNP 1.174 1.020-1.351 0.025
Age 1.030 1.010-1.051 0.004
BMI 0.947 0.913-0.981 0.003
History of COPD 2.258 1.498-3.402 <0.001

Abbreviations as described in Table 1.

3.4. Serial hs-cTnT measurements in AHF

In the subgroup of patients with serial samples available, we found
no significant change in hs-cTnT concentrations from baseline (median
[Q1-3] 37.9 [22.1-83.8] ng/L) to day 2 (35.2 [21.9-76.3] ng/L, p =
0.22) among patients adjudicated as AHF. This was also the case when
separating AHF patients into patients with HFrEF (33.2 [21.7-81.3] vs
32.6 [22.0-70.0] ng/L, p = 0.66) and HFpEF (41.2 [22.4-118.1] vs 35.3
[21.7-112.6] ng/L, p = 0.15). In contrast, we found a small reduction
from baseline (24.0 [11.5-42.5] ng/L) to day 2 (22.3 [10.2-40.0] ng/L,
p = 0.011) in the total study population with available serial samples.
There was no association between decline in hs-cTnT concentrations and
mortality in the total study population: HR 1.21 (95% CI 0.59-2.47), p
= 0.60.

We also found a significant reduction in hs-cTnT concentrations from
baseline to discharge in patients with serial samples: 27.1 (Q1-3
15.7-42.3) vs. 22.5 (8.7-36.9) ng/L, p = 0.001. The reduction from
baseline to discharge did not predicted mortality: HR 1.00 (0.99-1.01),
p = 0.60.

4. Discussion

The main result of this study is that hs-cTnT provides diagnostic
information for HFpEF in an ED setting for patients presenting with
acute dyspnea. In contrast, hs-cTnT concentrations did not add infor-
mation to diagnose HFrEF, probably due to the excellent diagnostic
accuracy of NT-proBNP in this population. Secondary, hs-cTnT
improved risk stratification for the total population of ED patients pre-
senting with acute dyspnea.

Cardiac troponins predict incident HF in both the general population
[19] and among patients with established CAD [20]. Elevated cardiac
troponin concentrations have also been found to predict mortality in
both acute and chronic HF [10,21]. In line with this, U.S. guidelines
recommend assessment of cardiac troponins on hospital admission in
AHF (class IA) and in patients with chronic HF to assess risk of reho-
spitalization and death (class IIb) [22]. European guidelines also
recommend measurement of cardiac troponins in patients with sus-
pected AHF (class IC), primarily for detection of ACS as the underlying
cause of AHF [4]. Despite being associated with the diagnosis of AHF

34

Clinical Biochemistry 88 (2021) 30-36

[9], neither U.S. nor European guidelines recommend measurement of
cardiac troponins to aid the diagnosis of AHF. It should be noted that
currently none of the official HF guidelines recommend routine
screening of hs-cTnT and natriuretic peptides unless there is suspicion of
HF or ACS [4,22].

In our study, we found that median NT-proBNP concentrations were
two-fold higher in patients with acute HFrEF compared to acute HFpEF.
B-type natriuretic peptide production is known to be markedly influ-
enced by cardiomyocyte stretch [23], which is higher in HFrEF patients
with LV dilatation compared to HFpEF patients with preserved LV di-
mensions. Hence, we believe that lower wall stretch and -stress in acute
HFpEF compared to HFrEF could partly explain the lower NT-proBNP
concentrations found in our study, and also prior studies by other
groups [24,25]. We also found hs-cTnT concentrations to be elevated in
AHF patients, but in contrast to NT-proBNP, hs-cTnT concentrations
were similar in HFpEF and HFrEF, and AUCs for hs-cTnT to diagnose
these subgroups of AHF were comparable. Of note, hs-cTnT concentra-
tions appear to be primarily associated with LV mass [26,27] and not so
much LV systolic function, which indicate a link between cardiac
troponin concentrations and HFpEF [28,29]. Other mechanisms could
also contribute to the discrepancy between hs-TnT and NT-proBNP
concentrations in HFrEF and HFpEF, including different release of car-
diac troponin and B-type natriuretic peptides from atrial and ventricular
cardiomyocytes.

Hospitalized HFpEF patients have elevated hs—cTnT concentrations
[11], and we found that adding hs-cTnT to a diagnostic model of NT-
proBNP and clinical variables reclassified patients to a correct diag-
nosis of HFpEF. This supports a potential of adding hs-cTnT measure-
ments to NT-proBNP measurements in ED settings to identify HFpEF,
which is attractive as the lower NT-proBNP concentrations in HFpEF
patients also leads to more overlap and therefore inferior diagnostic
accuracy for NT-proBNP to separate HFpEF patients from patients with
non-HF-related dyspnea [24,25]. With the improved analytical perfor-
mance of hs-cTnT assays, concentrations within reference intervals can
now be measured in most healthy individuals, and concentrations below
the 99th percentile still provide important diagnostic and prognostic
information [30]. Instead of the old dichotomous interpretation of
troponin levels as “positive” or “negative”, which is common for acute
coronary syndrome, troponins should now be interpreted as a contin-
uous variable and indicator of disease burden, particularly in the
absence of coronary syndromes. In HF, troponins reflect different dis-
ease pathways than NT-proBNP [31] and might be useful as a supple-
ment in the diagnostic workup of patients. When symptoms of HF are
disproportionate with NT-proBNP concentrations, slightly elevated hs-
cTnT concentrations could be an indicator of HF/HFpEF when ACS is
excluded.

Cardiac troponins concentrations predict mortality across different
populations, including patients with AHF [10] and acute exacerbation of
COPD [32]. In our cohort, higher concentrations of both NT-proBNP and
hs-cTnT at hospital admission independently predicted all-cause mor-
tality. In unadjusted analysis, hs-cTnT was also predictive of all-cause
mortality among the subset of AHF patients, but this association was
attenuated when adjusted for NT-proBNP and clinical variables. This
contrasts previous findings of hs-cTnT as a strong prognostic factor
among patients with AHF [10], and the lack of independent association
in our study may be due to limited power in this subset of patients. For
patients with non-AHF-related dyspnea, hs-cTnT did predict mortality in
adjusted analysis. This is in line with the BACH trial, with patients and
setting comparable to our study. They also found that cardiac troponins
predicted mortality among patients hospitalized due to acute dyspnea in
the total cohort [33], and similar to our results, cardiac troponin was a
stronger predictor of mortality among patients without AHF, compared
to patients with AHF [34], in an ED setting. In line with this, several
recent large studies have demonstrated particularly high mortality
among patients with elevated cardiac troponin concentrations due to
non-cardiac causes, such as pulmonary embolism, end-stage renal
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disease, pneumonia, and central nervous system pathology [35,36].
Among these patients without acute cardiac disease, and particularly
without ACS, we believe an elevated cardiac troponin concentration
should be interpreted as the global burden of comorbidities with
reduced organ level reserve and not as a marker of unstable CAD [35].
Pertinent to this point; our data could also be of relevance to understand
the information provided by cardiac troponins in the recent pandemic of
coronavirus-19 disease (Covid-19). Early reports have found increased
mortality among elderly Covid-19 patients with comorbidities like hy-
pertension and type 2 diabetes mellitus [37], which are clinical char-
acteristics also common in our population. Hence, it might be wise to
assess whether elderly Covid-19 patients with respiratory failure and
high hs-cTnT concentrations might have concomitant, and often undi-
agnosed, HF/HFpEF.

4.1. Strengths and limitations

Strengths of the current study include a dedicated diagnostic adju-
dication committee with excellent agreement between the adjudicators.
Biological specimens and patient related data were collected by dedi-
cated study personnel in a uniform manner. hs-cTnT and NT-proBNP
concentrations were measured at a core laboratory as a batch, thereby
avoiding problems with variation in lab calibration over time. Limita-
tions include relatively short follow-up, and single-center design with a
moderate sample size. The limited sample size, particularly for the
subgroup with acute HF, made the study underpowered to examine the
prognostic value of hs-cTnT, specifically in patients with acute HF or
HFrEF and HFpEF independently, and data should be interpreted in this
context. There was no protocol for echocardiography and patients where
the treating physician deemed AHF unlikely may not have received an
echocardiogram, which is similar to the protocol of previous studies
with unselected dyspneic patients [24]. All AHF patients had echocar-
diographic data available, either obtained during the current or recent
hospitalization. A lack of cardiac imaging in the non-AHF population
might have contributed to underdiagnosing of AHF, and particularly
HFpEF, in which we have demonstrated that biomarkers are less
sensitive.

5. Conclusion

In conclusion, we found that hs-cTnT provides useful diagnostic in-
formation among patients admitted to the ED with dyspnea. In partic-
ular, elevated hs-cTnT seems to be valuable in identifying patients with
HFpEF. hs-cTnT also provides prognostic information for an unselected
population with dyspnea, but a larger cohort is needed to examine the
prognostic value of hs-cTnT for the subgroup of HF/HFrEF/HFpEF pa-
tients. Further studies are warranted to elucidate the pathophysiology of
cardiac troponin release in patients with dyspnea, and especially in
patients with HFpEF.
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