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Abstract
Aim: To evaluate the prognostic value of high-sensitivity cardiac troponin (hscTnT) levels in unselected emergency
medical admissions.

Methods: We report on all hscTnT tests in emergency medical admissions, performed over an eight year
period from 2011-2018. The prognostic significance of hscTnT was related to 30-day in-hospital mortality with
multivariable logistic regression, adjusted for Acute lliness Severity Score, Comorbidity Score, Sepsis, and
Deprivation Status.

Results: There were 52,214 admissions from 28,982 patients during the study period. HscTnT level was a
univariate - odds ratios (OR) 1.67 [95% confidence intervals (Cl): 1.60-1.73] and an independent risk predictor in
the multivariable logistic regression model - OR = 1.23 (95%Cl: 1.16-1.29). 30-day in-hospital mortality increased
as a linear function of hscTnT; not performed = 3.6%, > 25 ng/L = 5.3%, > 100 ng/L = 7.4%, > 1000 ng/L = 8.8%.
Increasing Comorbidity Score exacerbated risk; 30-day in-hospital mortality at a Score of 6, 10 and 16 points for
those with no hscTnT performed or hscTnT < 25 ng/L were 1.8%, 6.5% and 31.3% respectively; for hscTnT > 25 ng/L
these increased to 2.2%, 8.8% and 41.3%.

Conclusion: HscTnT is prognostic in acutely ill medical patients; incorporation into hospital mortality predictive
algorithms appears warranted.
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INTRODUCTION

Acute medicine encompasses the rapid specialist management of patients suffering from a wide variety
of medical conditions requiring expedited care'"’. The admitted cohort are a relatively high risk group,
although 30-day in-hospital mortality rates in our institution have improved over time from 6.7% in
2002, to 4.7% in 2012, and 3.7% in 2018; the 7% absolute mortality reduction is comparable with the USA
National Hospital Discharge Survey data showing a decrease of 8% in inpatient hospital deaths over the
years 2000 to 2010"”. Nonetheless there has to be a constant emphasis, if outcomes are to be maintained
and even improved, on risk factor assessment at admission and identifying prognostic factors amenable
to intervention - the two most important of these are illness severity and comorbidities”’. As our hospital
covers an inner city catchment area with a predominantly aging population and over 50% of patients have a
high deprivation index™ - we also have a focus on the impact of low socioeconomic status (SES).

Among biomarkers that have become available over the past decade, serum troponin T as a cardio-specific
biomarker has achieved widespread use in clinical medicine; with cardiac injury these macromolecules
diffuse into the cardiac interstitium with subsequent detection in the peripheral circulation. Cardiac-
specific troponins have utility because they combine value as a near ideal biologic marker, and also convey
useful prognostic information that can influence therapeutic decision making". Troponin assays were
initially developed for their utility in acute coronary syndromes'”, however, it was quickly recognized that
a range of other medical conditions were also associated with troponin elevation”. Although troponin
elevation signifies cardiac damage, it may not always imply cardio-specificity with predictive values as
low as 56% in the diagnosis of acute coronary syndromes"". Troponin assays are a relatively common
laboratory diagnostic request in emergency medical admissions.

There has been little published on the utility of troponin in unselected emergency medical admissions.
We have a large database covering all emergency medical patients admitted to our institution (St James’
Hospital, Dublin), between 2002 and 2018 inclusive - but high sensitivity troponin data was limited to
2011-18. The purpose of this study was to examine the predictive role of high sensitivity cardiac troponin
(hscTnT) levels on 30-day in-hospital mortality in acutely ill medical patients admitted via the Emergency
Department (ED).

METHODS

Background

Our institution, St James's Hospital provides an emergency admission function covering a population of
270,000 adults. This paper covers all patients admitted under the general/internal medicine service from
2011-2018; patients with acute coronary syndromes (ACS) are by design admitted under cardiology and
were not included in this analysis. Medical admissions are by design admitted from the ED to an Acute
Medical Admission Unit (AMAU). We have described the details of the operation and performance of
the AMAU previously™?®. As a city centre hospital, St James's admits visitors to Dublin city and persons
people residing outside of the hospital catchment area, but working in the city, in addition to visitors to the
city. 74.5% of emergency admissions are resident in our catchment area.

Data collection

We have established an anonymous patient database within our institution. This database collates
information for each hospital admission including details from the patient administration system, national
hospital in-patient enquiry (HIPE) scheme, the electronic patient record and laboratory result systems.
HIPE is a national database of coded hospital discharge summaries from all public hospitals within
Treland””*". The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
was used for both diagnosis and procedure coding from 1990 to 2005 with a subsequent transition to
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ICD-10-CM. Data recorded in the database include the date of admission and discharge, the unique patient
identifier, sex, date of birth, treating physician, address, diagnosis (principal and up to nine secondary),
and procedures performed (principal and up to nine secondary). Physiological and laboratory results are
automatically cross-linked and added to the database using the hospitals other systems.

Troponin measurements

In January 2011, our institution introduced a hscTnT assay (Roche Diagnostics) to replace the previous 4th-
generation cardiac troponin assay. Analysis was performed using a Roche cobas® 8000 analyser. No changes
to the analyser or assay were made during the study period. The performance characteristics of the hscTnT
assay were such that upper limit of normal was represented by the 99th centile of 14 ng/L. However, as
non-ischaemic myocardial strain could result in an elevated hscTnT, a value of > 53 ng/L was deemed to be
a strong predictor of significant myocardial injury. In the current study, we have defined troponin-negative
as hscTnT < 25 ng/L and troponin-positive as hscTnT > 25 ng/L. We further divided patients into six groups
based on hscTnT results: (1) no troponin assay requested; (2) < 25 ng/L; (3) 25-49 ng/L; (4) 50-99 ng/L; (5)
100-1000 ng/L; and (6) > 1000 ng/L. These cut-offs were chosen on the previously defined rounded hscTnT
value of 50 ng/L being predictive of true myocardial injury.

Risk predictors

We have previously derived and applied an Acute Illness Severity Score (AISS)™, predicting 30-day in-
hospital mortality from laboratory parameters recorded in the ED"”. This weighted age adjusted score
defines six risk groups (I-VI) with cut-points for 30-day in-hospital mortality set at 1, 2, 4, 8 and 16%. We
further adjusted for Comorbidity as described below. In addition Sepsis categories of (1) no blood culture
request (2) negative blood culture and (3) positive blood culture were identified and used as an adjustor in
the multivariable logistic regression model”".

Comorbidity score

In this study, comorbidity was assessed by a Comorbidity Score which we have derived™. The first
incarnation of this score was published in 2014 and an updated version has subsequently been published".
The Comorbidity Score was derived from searching the hospital system for ICD codes that captured
functionally limiting chronic physical or mental health disorders. These ICD codes were then grouped
into the following ten systems: (1) cardiovascular; (2) respiratory; (3) neurological; (4) gastrointestinal; (5)
diabetes; (6) renal; (7) neoplastic disease; (8) others (including rheumatological disabilities); (9) ventilatory
assistance required; and (10) transfusion requirement. We additionally searched other existing databases in
our instituion for evidence of diabetes (Diamond database)™”, impaired respiratory function (FEV1 < 2 L),
hscTnT > 25 ng/L[“], albumin < 35 G/dL, haemoglobin < 10 G/dL, and chronic kidney disease - MDRD <
60 mL/min x 1.73 m™**. The components of the score were then appropriately weighted according to 30-day
in-hospital mortality.

Deprivation index

The smallest unit for which the Republic of Ireland Census reports results is the Electoral Division.
There are approximately 3,440 of these small administrative areas; data from sparsely populated Electoral
Divisions are merged where required to maintain confidentiality. This process resulted in a final total of 3,409
Electoral Divisions having available statistics. The SAHRU investigators employed principle components
analysis to generate a Deprivation Index using a weighted combination of four indicators; unemployment,
social class, type of housing tenure and car ownership”*. Deprivation Index scores were then divided into
quintiles according to their ranked raw scores from Q1 (least deprived) to Q5 (most deprived). This data
was then joined to the small area polygon geometries based upon their relative geographic positions, using
the ArcGS Geographic Information System software implementation of the Point-in-Polygon algorithm™”.
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Statistical methods

We generated descriptive statistics for background demographic data, using mean and standard deviation,
median and inter-quartile range (IQR), or percentage where appropriate. We used chi-square tests for
comparisons between categorical variables and 30-day in-hospital mortality. Over our prolonged 8 year
study period, many patients were admitted more than once; 62%, 42% and 30.4% were admitted more
than once, twice, or three times respectively, with 7.9% admitted > 10 times. There will be a difference in
mortality rate if calculated by admission or by patient (only last admission considered if > 1); in this study
calculated mortality is therefore explicitly stated as per admission or as per patient. In order to allow for
clustering we utilized a logistic regression model with robust estimate™. This logistic regression analysis
was used to identify potential predictors of mortality in our dataset. Identified significant univariate
predictors, as defined by P < 0.1 by Wald test, were then examined in the multivariate model to achieve
optimized prediction. We adjusted 30-day in-hospital mortality for other known predictor variables
including AISS®”*", Comorbidity Score** and Sepsis status™". We used computations of average marginal
effects to estimate and interpret adjusted predictions for sub-groups while controlling for other variables.
The model parameters were stored; post-estimation intra-model and cross-model hypotheses could thereby
be tested. We calculated adjusted OR and 95%CI for significant predictors. Statistical significance at P < 0.05
was assumed throughout. Stata v.15 (Stata Corporation, College Station, Texas) statistical software was used
for analysis.

RESULTS

Patient demographics

There were a total of 52,214 emergency medical admissions in 28,982 patients over the 8 year study period
(2011-2018). 48.6% of admissions were male. The median (IQR) length of stay (LOS) was 5.0 (2.1, 9.5) days.
The median (IQR) age was 64.7 (45.2, 78.9) years, with the upper 10% boundary at 86.2 years. Between 2011
and 2018, there was a linear decline in 30-day in-hospital mortality. Calculated per admission episode, the
30-day in-hospital mortality averaged 3.9% (95%CI: 3.8%-4.1%) with no statistical change over time (P =
0.07). Calculated on a per patient basis (last admission if > 1), the 30-day in-hospital mortality averaged 7.1%
(95%CI: 6.8%-7.4%) with a relative risk reduction of 39.7% from 8.1 % to 4.9% (P = 0.001) and calculated
NNT of 31.1.

The baseline characteristic of admissions stratified by hscTnT level are outlined in Table 1. Admissions with
a positive hscTnT result were older at median (IQR) 75 years (60.2, 83.6) vs. 61 years (42.4, 76.4). Gender
balance appeared similar at 49.8% vs. 50.2%. Admissions with a positive hscTnT had a longer median (IQR)
LOS at 6.6 days (3.1, 12.3) vs. 4.6 days (2.0, 8.7). Admissions with a positive hscTnT were much more
likely to have high AISS (Group 5/6 81.6% vs. 54.5%), Sepsis status (Culture positive 3.7% vs. 2.8%) and
Comorbidity Score (> 10 points - 65% vs. 41.3%). They had more Major Disease Categories of respiratory
(MDC 4) and cardiac (MDC 5), but less neurology (MDC 1) in primary diagnoses.

HscTnT level and 30-day in-hospital mortality

HscTnT was a univariate linear predictor of 30-day in-hospital mortality [OR 1.67 (95%CI: 1.60-1.73)].
In the multivariable model adjusted for other significant risk predictors of AISS [OR 2.59 (95%CI: 2.25-
2.98)], Comorbidity Score [OR 1.28 (95%CI: 1.25-1.30)] and Sepsis Status [OR 1.19 (95%CI: 1.06-1.33)],
the OR was 1.23 (95%CI: 1.16-1.29). Irrespective of whether 30-day in-hospital mortality was calculated
either by patient or by all admissions, mortality increased as a linear function of hscTnT result [Figure 1].
Per admission 30-day in-hospital mortality with no troponin performed was 3.6 % (95%CI: 3.4-3.9), but
for hscTnT = 25 ng/L this rose to 5.3 % (95%CI: 4.9-5.6); and there were further mortality elevations at
troponin levels > 100 ng/L and 1000 ng/L to 7.4 % (95%CI: 6.6-8.3) and 8.8 % (95%CI: 7.5-10.0) respectively.
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Table 1. Demographics of emergency admissions (2011-2018) by hscTnT status
Factor Level hscTnT - hscTnT + P-value
N 40,484 1,730
Gender Male 19,652 (48.5%) 5,836 (49.8%) 0.02
Female 20,832 (51.5%) 5,894 (50.2%)
Age, median (IQR) 61.0(42.2,76.4) 75.0 (60.2, 83.6) <0.001
Length of stay (days) 4.6 (2.0,8.7) 6.6 (31,12.3) <0.001
Outcome Alive 39,368 (97.2%) 10,788 (92.0%) <0.001
Died 1116 (2.8%) 942 (8.0%)
AISS 1 1,426 (4.2%) 160 (1.5%) <0.001
2 2,868 (8.4%) 321(3.0%)
3 4,852 (14.3%) 559 (5.2%)
4 6,302 (18.6%) 935 (8.7%)
5 7,035 (20.7%) 1,518 (14.2%)
6 11,470 (33.8%) 7,225 (67.4%)
Sepsis status 1 32,332 (79.9%) 8,591 (73.2%) <0.001
2 7,011 (17.3%) 2,701(23.0%)
3 1141 (2.8%) 438 (3.7%)
Co-morbidity score <6 23,765 (58.7%) 4,090 (34.9%) <0.001
<10 13,037 (32.2%) 5121 (43.7%)
<13 2,793 (6.9%) 1,781 (15.2%)
<16 648 (1.6%) 485 (41%)
<20 231(0.6%) 231(2.0%)
MDC Neuro 7,724 (18.0%) 876 (11.9%) <0.001
Resp. 10,417 (24.3%) 2,327 (31.7%)
Cardiac 6,378 (14.9%) 1,796 (24.5%)

hscTnT: high-sensitivity cardiac troponin; AISS: acute illness severity score; LOS: length of stay; IQR: inter-quartile range; MDC: major

disease category
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Figure 1. hscTnT level (ng/L) linearly predicted outcome. The multivariable logistic regression model was adjusted for Acute Iliness
Severity Score, Comorbidity Score, and Sepsis status. Increasing hscTnT level predicted 30-day in-hospital mortality (calculated on per
admission episode or on unique patient basis) derived from and plotted based on the model prediction. hscTnT: high-sensitivity cardiac
troponin
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Figure 2. 30-day in-hospital mortality (per admission) related to Comorbidity Score and by hscTnT category from the multivariable
logistic regression model. The predicted probabilities were derived from and plotted based on the model prediction. Data adjusted
for Acute lliness Severity Score, Sepsis status and hscTnT category [negative (< 25 ng/L) or not performed vs. positive (= 25ng/L)].
hscTnT: high-sensitivity cardiac troponin

Conditional Dependence of hscTnT on Comorbidity Score

It is important to appreciate the relationship between hscTnT level, the underlying Comorbidity Score, and
30-day in-hospital mortality. Increasing Comorbidity Score was associated with a marked deterioration
in 30-day in-hospital mortality [Figure 2]. We considered a Comorbidity Score of 10 points the inflexion
point between lower and higher risk with only 11.3% of admitted patients being in this category. The model
predicted 30-day in-hospital mortality per admission at a Comorbidity Score of 6, 10 and 16 points for
those with no hscTnT performed, or a hscTnT < 25 ng/L were 1.8%, 6.5% and 31.3%, but in the presence of
hscTnT = 25 ng/L, this increased to 2.2%, 8.8% and 41.3% respectively.

30-day in-hospital mortality for no hscTnT performed vs. hscTnT < 25 ng/L

The result of a test clearly conveys information, however, information may also be implied in the
performance of a test, even if the result is negative. In our study, 30-day in-hospital mortality for patients
with no hscTnT performed and hscTnT < 25 ng/L were quite different, but this observation applied mainly
to high risk individuals. Overall, the mortality outcomes for the groups of no test, hscTnT < 25 ng/L,
and hscTnT > 25 ng/L were 2.7%, 3.9%, and 10.3% (P < 0.001: one-way ANOVA with Scheffe’s multiple
comparison). At the lower end of Comorbidity Score, the difference appeared very small, but at
Comorbidity scores of 10, 14 and 16 points, the difference in 30-day in-hospital mortality for no test vs.
hscTnT < 25 ng/L were (10 points) 3.3% vs. 5.0% (14 points) 8.0% vs. 13.3% and (16 points) 12.1% vs. 20.0%
[Figure 3].

Do those with lower SES have greater risk?

We have previously reported that in general our patients with lower SES have worse outcomes"”*"
We analysed, based on lower or higher SES, 30-day in-hospital mortality outcomes related to hscTnT.
Admissions from high SES were older and with higher Comorbidity Score. Admissions from low SES areas

had a median age of 66.4 years (IQR 48.2, 79.6) vs. 80.5 years (IQR: 65.6, 86.5) from higher SES areas. The
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Figure 3. 30-day in-hospital mortality (per admission) related to Comorbidity Score and by hscTnT from the multivariable logistic
regression model. The predicted probabilities were derived from and plotted based on the model prediction. Data was adjusted for
Acute lliness Severity Score, Sepsis status and hscTnT category [not performed (ND) and hscTnT above or below median]

data demonstrated, that irrespective of SES, the older patients from higher SES had worse outcomes [Figure 4]
and that the predictive effect of hscTnT was not modulated by SES.

DISCUSSION

Our study has demonstrated the prognostic value of hscTnT in emergency medical admissions. Patients
with hscTnT > 25 ng/L were more likely to have sepsis, high illness severity, and greater levels of
comorbidity. Nonetheless, whether analysis was performed on the basis of an admission or unique patient
basis, hscTnT was an independent predictor of 30-day in-hospital mortality in the multivariable model
with a direct relationship to the level of hscTnT elevation. The decision to perform a hscTnT was associated
with increased mortality although this observation mainly applied to high risk individuals; undertaking the
test defined a risk group selected on clinical criteria or concern. Patients admitted from areas of low SES
had better outcomes paradoxically, irrespective of Comorbidity Score, most likely because they were much
younger in general compared to admissions from high SES areas.

Our results showed a clear relationship between the degree of hscTnT elevation and outcomes. Our data
may then be seen to be quite different from other studies that have debated the significance of, and the level
at which troponin elevation becomes a concern. These have focused on cut-points based on analysis of the
literature. Khan et al."” performed a meta-analysis of 28 studies; the troponin T assays chose similar cut
points (i.e., 0.1 ng/mL) to detect abnormal levels. This cut point was close to or greater than the threshold
at which there is a 10% total coefficient of variance; it would be ~ 5-fold higher than the lower limit of
detection. Arguments might revolve around a cutoff at the 99th percentile of a healthy reference population
with a CV < 10% or a cutoff value of 0.01 ug/L - the lowest value at which the coefficient of variation was <
10%. It is therefore very surprising that our data shows not only that any troponin detection above the LOD
carries prognostic significance, but selection of a group on the basis of a decision to perform a laboratory
test - those with a hscTnT < 25 ng/L have higher risk than those who had no hscTnT test requested.
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Figure 4. 30-day in-hospital mortality for patients with hscTnT > 25 ng/L related to Comorbidity Score and SES from the multivariable
logistic regression model. The predicted probabilities were derived from and plotted based on the model prediction. Data was adjusted
for Acute lliness Severity Score, and Sepsis status. Higher SES patients (being older) had worse outcomes. SES: socioeconomic status

However, most previous studies have lacked the ability to measure two of the most important prognostic
factors determining hospital survival - illness severity (measured by AISS in our study) and comorbidity
(measured by the Comorbidity Score in our study). These two modifiers are of vital importance as
prognostic indicators for a very good reason. The AISS, based on admission laboratory data, attempts
to quantify homeostatic compensation and thereby relates an individual’s status at presentation to
the clinical outcome. The fundamental principle relies on the assumption that failure to maintain the
internal biochemical milieu, by mounting a counter-regulatory corrective response to a stressor, will
have consequence - the extent of departure from the normal status being a measure of the ‘at risk’ status.
Essentially, admission laboratory data is deployed to construct an illness severity score that is predictive of
outcomes - AISS is the strongest predictive variable in the multivariable logistic model - OR 2.59 (95%CI:
2.25-2.98). A high comorbidity burden generally speaking is a less significant, but still important, problem
in emergency admissions than AISS with an OR of 1.28 (95%CI: 1.25-1.30). The caveat is that the nature
of the interaction between the AISS and Comorbidity Score (the threshold effect of the latter relative to
mortality outcome lowers as the AISS increases) that one needs both to accurately compute risk. Many
studies lack the ability to measure or adjust for such in multivariable logistic models, and so incorrectly
attribute the risk of poor outcomes to the prognostic variable of interest.

Published studies on the prognostic value of troponin encompass a range of different clinical conditions>",
many of which are primary cardiac conditions such as congestive heart failure)™, myocarditis™*, aortic
" and atrial fibrillation without coronary disease""”. Troponin has most obviously been shown to
be a prognostic marker in myocardial infarction'". It is also a strong predictor in infective endocarditis
with an OR of 3.4, In 105,338 hospitalized heart failure admissions, Peacock et al.“” determined troponin
levels with 6.2% having positive troponin results; the adjusted OR for death with a positive troponin test
was 2.55. In a meta-analysis of community based chronic heart failure patients, troponin T was associated
with all-cause mortality with a hazard ratio of 1.48"”. In surgical ICU patients, Relos et al."*” reported that
even moderately elevated troponin I levels - below the threshold to diagnose overt myocardial infarction,

stenosis
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were associated with a higher mortality rate and longer hospital and ICU length of stay. A study in acute
respiratory distress syndrome reported a high prevalence of elevated cardiac markers” and an associated
increased 60-day mortality and organ failure. Thus, occult or subclinical myocardial disease could be
implicated as a cause of death in acute respiratory distress syndrome. Other areas, where elevated troponin
values have been demonstrated to be predictive of in-hospital mortality have included ischaemic stroke™”,
intra-cerebral haemorrhage”™”, gastro-intestinal haemorrhage””, non-cardiac surgery"™, renal failure"™",

and following renal transplant™”,

The strengths of our study include the large number of included patients, the comprehensive assessment
of all admitted medical patients, and the collection of large volumes of relevant clinical data. The exclusion
of patients admitted with ACS is another strength as risk stratification of patients with ACS has been
well described and is a potential confounder in any study of this nature. As with any study, there are also
potential limitations to our work. We have shown that hscTnT predicts outcome in our multivariable
model after adjustment for known collected variables; it is possible that residual unknown or unmeasured
confounders remain. This may even be a probable explanation for some of our results, particularly for
the association between the performance of hscTnT and mortality, which is likely to be explained by
unmeasured factors that are incorporated into the clinicians’ gestalt decision to perform a hscTnT test.
Our study, while large, was performed in a single centre and the results will require external validation
in other settings. We did not have the ability to assess the possibility that patients originally admitted to
St. James’ may have subsequently been admitted to other hospitals; this may be particularly relevant for
those resident outside our catchment area Additionally, we have examined the relationship in emergency
medical admissions only; admissions under other disciplines may not necessarily demonstrate the
same relationship. The demonstration of a relationship does not imply that the variable is amenable to

intervention, nor does it follow that any attempted intervention may not have deleterious consequences””

In conclusion, we have demonstrated the prognostic value of hscTnT in emergency medical admissions.
This suggests potential additive benefit to the inclusion of hscTnT in risk prediction models.
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