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Abstract

BACKGROUND

High-sensitivity cardiac troponin (hs-cTn) levels are frequently elevated in elderly
patients presenting to the emergency department for non-cardiac events.
However, most studies on the role of elevated hs-cTn in elderly populations have
investigated the prognostic value of hs-cTn in patients with a specific diagnosis or
have assessed the relationship between hs-cTn and comorbidities.

AIM

To investigate the in-hospital prognosis of consecutive elderly patients admitted
to the Internal Medicine Department with acute non-cardiac events and increased
hs-cTnl levels.

METHODS

In this retrospective study, we selected patients who were aged 2 65 years and
admitted to the Internal Medicine Department of our hospital between January
2019 and December 2019 for non-cardiac reasons. Eligible patients were those who
had hs-cTnl concentrations = 100 ng/L. We investigated the independent
predictors of in-hospital mortality by multivariable logistic regression analysis.
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RESULTS

One hundred and forty-six patients (59% female) were selected with an age range
from 65 to 100 (mean + SD: 85.4 + 7.61) years. The median hs-cTnl value was 284.2
ng/L. For 72 (49%) patients the diagnosis of hospitalization was an infectious
disease. The overall in-hospital mortality was 32% (47 patients). Individuals who
died did not have higher hs-cTnl levels compared with those who were
discharged alive (median: 314.8 vs 282.5 ng/L; P = 0.565). There was no difference
in mortality in patients with infectious vs non-infectious disease (29% vs 35%).
Multivariable analysis showed that age (OR 1.062 per 1 year increase, 95%CI:
1.000-1.127; P = 0.048) and creatinine levels (OR 2.065 per 1 mg/dL increase,
95%ClI: 1.383-3.085; P < 0.001) were the only independent predictors of death.
Mortality was 49% in patients with eGFR <30 mL/min/1.73 m2.

CONCLUSION

Myocardial injury is a malignant condition in elderly patients admitted to the
hospital for non-cardiac reasons. The presence of severe renal impairment is a
marker of extremely high in-hospital mortality.

Key Words: Internal medicine; High sensitivity troponin; Elderly; Non-cardiac admissions;
Renal function; Prognosis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Many reports have shown that there is an association between acute
myocardial injury and adverse outcomes in almost every clinical setting. However, data
from consecutive elderly patients admitted to Internal Medicine Departments with
acute non-cardiac events are limited. We found that these patients are at high risk of in-
hospital death and that age and renal dysfunction were the only independent predictors
of death. Elderly patients with acute myocardial injury from non-cardiac cause and
chronic kidney disease stages IV or V had an extremely high risk (approximate 50%)
of in-hospital death.

Citation: Samara I, Tsiara S, Papafaklis MI, Pappas K, Kolios G, Vryzas N, Michalis LK,
Bairaktari ET, Katsouras CS. Elderly patients with non-cardiac admissions and elevated high-
sensitivity troponin: the prognostic value of renal function. World J Cardiol 2021; 13(10): 566-
573

URL: https://www.wjgnet.com/1949-8462/full/v13/i10/566.htm

DOI: https://dx.doi.org/10.4330/wjc.v13.i110.566

INTRODUCTION

Since the introduction of high-sensitive cardiac troponin (hs-cTn) assays, troponin
testing has been used in a broad spectrum of patients to detect minor myocardial
injury[1,2]. A variety of non-cardiac clinical conditions is accompanied by “tropo-
ninemia”[2,3] and many reports have investigated the association between serum hs-
cTn concentrations and adverse outcomes in almost every clinical setting[4-6].

Hs-cTn levels increase over time in asymptomatic elderly individuals[7,8].
Moreover, they are frequently elevated in elderly patients presenting to the emergency
department for non-cardiac events[9]. However, the 99" centile for the hospital
population is not well defined and varies depending on the clinical setting, age and
location when the test is requested[9-13]. Most studies on the role of elevated hs-cTn in
elderly populations have investigated the prognostic value of hs-cTn in patients with a
specific diagnosis or have assessed the relationship between hs-cTn and comorbidities
[14-16].

The objective of this study was to investigate: (1) The in-hospital survival of
consecutive elderly patients presenting to the emergency department with acute non-
cardiac events, elevated hs-cTnl levels and admitted to the Internal Medicine
Department; and (2) The independent predictors (i.e., comorbidities) of in-hospital
mortality.

October 26,2021 | Volume13 | Issue10 |
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MATERIALS AND METHODS
Study design and population

We conducted a retrospective observational study at the University Hospital of
Ioannina in Greece. The study protocol conformed to the Declaration of Helsinki and
was approved by the institutional ethics committee.

First, we searched the electronic medical records and we selected patients who were
aged > 65 years, admitted to the Internal Medicine Department between January 2019
and December 2019, and had hs-Tnl levels > 100 ng/L. Then, the paper medical
records of the included patients were also reviewed. In our tertiary hospital elderly
patients presenting with acute coronary syndromes or other acute cardiac events are
admitted exclusively in the Cardiology Department. Additionally, all patients with a
final diagnosis of acute myocardial infarction (based on serial troponin measurements,
symptoms, and electrocardiogram) after admission were excluded from the study.
Patients on hemodialysis or peritoneal dialysis were also excluded.

Demographic, clinical and biochemical data were extracted from patient records.
Serum creatinine at presentation was used to calculate the estimated glomerular
filtration rate (eGFR) using the modification of diet in renal disease study equation
[17]. High-sensitivity-cTnl was measured using two-site immunoenzymatic
(“sandwich”) assay (Beckman Coulter, Inc. Brea, CA, United States). The assay’s 99*
centile is 19.8 ng/L for men and 11.6 ng/L for women according to the manufacturer.
However, troponin concentrations and the 99* percentile upper reference limits (URL)
depend on several other factors including age and ethnicity/race[18].

Statistical analysis

Continuous variables were expressed as means + SD or median (interquartile range) as
appropriate. Deviation of continuous variables from the normal distribution was
tested using the Shapiro-Wilk test (for a chosen alpha level of 0.05). The student’s -test
and the Mann-Whitney test were used to compare normally and not normally
distributed data, respectively. Only the first hs-cTnl measurement > 100 ng/L of the
included patients was considered for the analysis, and log transformation was also
used for troponin values (because of non-normal distribution with positive skew).
Categorical data were presented as counts and percentages and were compared using
the y? or the Fischer’s exact test as appropriate. Correlation between continuous
variables was determined with the Pearson’s correlation coefficient. Receiver operating
characteristic (ROC) curve analysis was performed to evaluate the diagnostic
performance of parameters for predicting in-hospital death. We performed binary
logistic regression analysis to identify independent predictors of in-hospital death. A P
value < 0.05 was considered statistically significant and all tests were two-sided.
Statistical analysis was performed with the SPSS/PC (version 22.0, IBM Corp,
Armonk, NY, United States) software package.

RESULTS

During the study period (January 2019 to December 2019), 146 patients (59% female)
fulfilled our inclusion criteria. Patient age ranged from 65 years to 100 years (median:
87, mean * SD: 85.4 £ 7.61). There was a substantial burden of comorbidities: 53 (36%)
patients had diabetes mellitus, 38 (26%) coronary artery disease, 64 (44 %) atrial fibril-
lation, and 46 (32%) chronic kidney disease (CKD). For 72 (49%) patients the diagnosis
of hospitalization was an infectious disease. The second most commonly diagnosis
was stroke (15 patients, 10%). Eleven patients (8%) were admitted due to
gastrointestinal causes, 8 (5%) due to explained or unexplained falls, 7 (5%) due to
pulmonary embolism, 6 (4%) due to severe anemia or pancytopenia, 5 (3%) due to
“senility”, 4 (3%) due to hypoglycemia or hyperglycemia, 4 (3%) due to cancer, and 14
(10%) due to other causes.

The median hs-cTnl value was 284.25 ng/L (interquartile range 553.4), while the
mean was 946.4 (+ 2336.07) ng/L. High-sensitivity-cTnl was correlated with creatinine
levels (r = 0.169, P = 0.042) and eGFR (r = -0.240, P = 0.004).

The overall in-hospital mortality was 32% (47 patients). Differences between
patients who died in-hospital and those who were discharged alive are shown in
Table 1. Individuals who died did not have significantly higher hs-cTnl levels (median:
314.8 vs 282.5 ng/L; Mann-Whitney U test, P = 0.565). There were no significant
differences in mortality according to diagnosis (infectious vs non-infectious disease:
29% vs 35%), gender (males vs females: 35% vs 30%), diabetes (30% vs 33%), history of
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Table 1 Differences between patients who died in-hospital and those who were discharged alive

Patients who died (n = 47) Discharged alive (n = 99) Pvalue
Age (yr), mean + SD 875+53 83.4+83 0.001
Gender, 1 (%) 0.59
Female 26 (30) 60 (70)
Male 21 (35) 39 (65)
History of CAD, n 12 26 1
Atrial fibrillation/ flutter, n 18 46 0.38
Renal function, 1 (%)
Known history of CKD 24 (52) 22 (48) 0.001
No history of CKD 23 (23) 77 (77)
Creatinine levels, mg/dL 2.10 (1.03) 1.66 (0.95) 0.008
eGFR (mL/min/1.73 m?), mean + SD 35.32+19.85 4717 £24.22 0.002
On antihypertensive therapy, n 28 74 0.082
Diabetes Mellitus, n 16 37 0.69
On statin therapy, n 19 45 0.6
Diagnosis on admission, 1 (%) 0.86
Infectious diseases 21 (31) 46 (69)
Non-infectious diseases 26 (33) 53 (67)
CRP (mg/L), mean + SD 178.16 £ 130.81 154.27 £125.30 0.26
hs-TnlI (ng/L)
Median 314.8 2825 0.57
Log-hsTnl, mean + SD 2.57 £0.57 2.59 +£0.42 0.89

CAD: Coronary artery disease; CKD: Chronic kidney disease; eGFR: Estimated glomerular filtrated rate; SD: Standard deviation; CRP: C-reactive protein;
hs-cTnl: High sensitive cardiac troponin I; Log: Logarithm 10.

coronary artery disease (32% vs 32%), and atrial fibrillation (28% vs 35%). Mortality
was higher among patients with known CKD (52% vs 23%, P = 0.001). Moreover,
individuals who died had higher creatinine levels (2.10 + 1.03 vs 1.66 + 0.95 mg/dL, P
= 0.008) and lower eGFR (35.32 + 19.85 vs 47.17 + 24.22 mL/min/1.73 m? P = 0.002). In
ROC analysis, the area under the curves was 0.527 for hs-cTnl, and 0.711 for creatinine
Figure 1).

( li,/[ultiv)ariable analysis showed that age (OR 1.062 per 1 year increase, 95%CI: 1.00-
1.13; P = 0.048) and creatinine levels (OR 2.07 per 1 mg/dL increase, 95%CI: 1.38-3.09;
P < 0.001) were the only independent predictors of death. When renal function was
estimated as eGFR, it was also a significant independent predictor of mortality (OR
1.04 per 1 mL/min/1.73 m? decrease, 95%CI: 1.01-1.06; P = 0.001). Figure 2 shows the
percentages of patients who died in-hospital according to the CKD stages. Mortality
was 49% in patients with severe CKD (eGFR < 30 mL/min/1.73 m?).

DISCUSSION

We performed a retrospective investigation of in-hospital mortality in elderly patients
admitted to the Internal Medicine Department with non-acute cardiac events and
elevated hs-cTnl levels. Our major findings are that (1) these patients were at high risk
of in-hospital death; (2) age and renal dysfunction were the only independent
predictors of death among the parameters assessed; and (3) patients who died did not
have higher hs-cTnl levels compared with those who were discharged alive.

Previous studies have reported that hs-cTnl concentrations and their 99" percentile
strongly depend on the characteristics of the population being assessed[7] and that
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Figure 1 The area under the curves in receiver operating characteristic analysis. ROC: Receiver operating characteristic; hs-cTnl: High-sensitivity
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more than 20% of elderly inpatients may have hs-Tnl levels above URL[11].
Advancing age and decreasing eGFR were shown to be independent predictors of hs-
Tnl concentration greater than the recommended URL[11]. Moreover, the 99*
percentile of elderly inpatients (after excluding participants diagnosed as having acute
myocardial infarction) may be 10 times higher than the recommended URL[11]. Eggers
et al[7] reported the 99" percentile for hs-cTnl near our cut-off value (i.e., 100 ng/L)
regarding individuals with age distribution and cardiac history similar to our study
group.

The high in-hospital mortality in patients with high troponin levels admitted for
non-cardiac causes is in line with previously published studies[5,6,12,19]. The
relatively higher mortality in our study could be mainly explained by differences in
baseline characteristics of the included patients, since our study population was older,
had more frequently a history of CKD and higher creatinine levels (and thus, lower
eGFR)[5,6,12,19]. We showed that age and renal function were the only independent
predictors of in-hospital mortality in elderly patients admitted with high hs-cTnl levels
and non-cardiac causes in the Internal Medicine Department. It is worth noting that
the majority of prior research has been conducted in patients with infectious diseases,
while in our unselected elderly study group, 50% of the elderly inpatients suffered
from other diseases. However, there were no significant differences regarding
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mortality according to the cause of admission (infectious vs non-infectious disease)
and no differences regarding the CRP concentrations between patients who died and
patients who were discharged alive.

Our study showed that although elderly patients with non-cardiac events and hs-
c¢Tnl 2100 ng/L have a high risk of in-hospital death, individuals who died did not
have higher hs-cTnl levels compared with those who were discharged alive. Similarly,
Frencken et al[5] also showed that troponin release beyond hs-cTnl plasma concen-
trations of approximate 100 ng/L does not carry an additional mortality risk in
patients with sepsis. This non-linear relationship between troponin levels and
mortality may be present even in patients with revascularized acute coronary
syndromes[12]. The nonlinear relationship with mortality is difficult to explain. It is
possible that in patients with non-cardiac acute events, the presence of myocardial
injury (and not the extent of injury) maybe a marker of increased mortality. This
hypothesis is supported from our ROC analysis, since the area under the curve for hs-
cTnl was approximately 0.5, thereby indicating that the level of the troponin (the level
of myocardial injury) has no discrimination capacity for further distinguish the risk of
in-hospital death.

Cardiac troponin concentrations are often increased in CKD patients[20]. Although
the reasons are not clear, higher troponin values in CKD patients are considered to be
primarily caused by chronic myocardial injury, and thus troponin release to the
circulation, and secondarily by decreased clearance. Miller-Hodges et al[21] evaluated
hs-Tnl testing in patients with suspected acute coronary syndrome with and without
renal impairment. They reported that patients with elevated troponin and renal
impairment had a greater risk for cardiac events at 1 year. Although previous studies
have investigated the prognostic role of troponins in elderly patients[7,8,12], data
regarding the evaluation of CKD in elderly patients with non-cardiac admissions and
elevated hs-Tn measurements are sparse. We report an extremely high risk of in-
hospital death among elderly patients with renal impairment admitted to the hospital
for non-cardiac causes with elevated hs-cTnl levels. Elderly inpatients with CKD
stages IV or V had a risk of approximate 50% for in-hospital death. This may
emphasize the need for more aggressive monitoring and treatment in this group in
order to avoid complications and death.

Our study had several limitations. First, all retrospective studies using
electronic/ paper medical records have inherent methodological problems[22]. Second,
we did not use a control group (e.g., patients with “normal” hs-cTnl levels) for
comparison purposes. Third, other potential prognostic indices (e.g., brain natriuretic
peptides) were available only in a very small number of patients, hence we did not
include them in the analysis. Finally, although in almost all the cases cardiology
examination was performed, in clinical practice it is often difficult to exclude from the
diagnosis an acute coronary syndrome, especially in elderly patients with non-specific
symptoms.

CONCLUSION

Myocardial injury is a malignant condition in elderly patients admitted to the hospital
for non-cardiac reasons and indicates poor overall prognosis. The presence of severe
renal impairment remains as an independent marker of extremely high in-hospital
mortality in this selected patient group.

ARTICLE HIGHLIGHTS

Research background
Many reports have shown that there is an association between acute myocardial injury
and adverse outcomes in almost every clinical setting.

Research motivation
Data from consecutive elderly patients admitted to the Internal Medicine Department
with acute non-cardiac events and acute myocardial injury are limited.

Research objectives
To investigate: (1) The in-hospital survival of consecutive elderly patients presenting
to the emergency department with acute non-cardiac events, elevated high-sensitivity
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cardiac troponin I (hs-cTnl) levels and admitted to the Internal Medicine Department;
and (2) The independent predictors (i.e., comorbidities) of in-hospital mortality.

Research methods

This was a single centre, retrospective, observational study, involving 146 elderly (= 65
years) patients (59% female) admitted to the Internal Medicine Department with acute
non-cardiac events and elevated hs-cTnl (= 100 ng/L).

Research results

Patient age ranged from 65 to 100 (mean + SD: 85.4 + 7.61) years. The median hs-cTnl
value was 284.2 ng/L. The overall in-hospital mortality was 32% (47 patients).
Multivariate analysis showed that age (OR 1.062 per 1 year increase, 95%CI: 1.000-
1.127; P = 0.048) and creatinine levels (OR 2.065 per 1 mg/dL increase, 95%CI: 1.383-
3.085; P < 0.001) were the only independent predictors of death. Mortality was 49% in
patients with eGFR < 30 mL/min/1.73 m*

Research conclusions

Myocardial injury is a malignant condition in elderly patients admitted to the hospital
for non-cardiac reasons and indicates poor overall prognosis. The presence of severe
renal impairment remains as an independent marker of extremely high in-hospital
mortality in this selected patient group.

Research perspectives

Our results emphasize the need for more aggressive monitoring and treatment in
elderly patients with severe renal impairment admitted to the hospital for non-cardiac
reasons in order to avoid complications and death.
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