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Patients with elevated but stable levels of high-sensitivity cardiac troponin (hs-cTn) have a
high risk of premature death and cardiovascular events. This study aimed to investigate
the association between stable hs-cTnT levels and healthcare and resource use in patients
with chest pain in the emergency department (ED). We included all patients who pre-
sented with chest pain and stable hs-cTnT levels without any concurrent acute medical
condition at Karolinska University Hospital, Stockholm, Sweden, from 2011 to 2014. A
negative binomial regression model was used to calculate incidence rates and incidence
rate ratios with 95% confidence intervals (CIs) for the number of hospital visits, hospital
days, and investigations performed during follow-up, in different categories of hs-cTnT
levels (reference: hs-cTnT <5 ng/l). A total of 19,437 patients were included. During a fol-
low-up of 4.1 years, 36,617 hospital visits and 206,808 hospital days were observed. Yearly
rates of hospital visits and days gradually rose with increasing hs-cTnT levels from 0.3
and 1.27 (<5 ng/l) to 1.7 and 13 (≥50 ng/l) per person. In patients with hs-cTnT levels
>14 ng/l, adjusted risks of in-hospital days were more than doubled (adjusted incidence
rate ratio (95% CI) 2.31 (2.14 to 2.50), 2.88 (2.55 to 3.26), and 2.89 (2.45 to 3.40) in patients
with hs-cTnT levels of 15 to 29, 30 to 49, and ≥50 ng/l, respectively) compared with the
reference. Computed tomography, but not coronary angiography, increased with increas-
ing hs-cTnT levels. In conclusion, stable hs-cTnT levels are associated with a higher
rate of hospitalization, length of hospital stay, and resource use in patients with chest
pain. © 2020 The Author(s). Published by Elsevier Inc. This is an open access article
under the CC BY license. (http://creativecommons.org/licenses/by/4.0/) (Am J Cardiol
2020;128:67−74)
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Chronic myocardial injury was recently defined in the
Fourth Universal Definition of Myocardial Infarction (MI)
as stable cardiac troponin (cTn) elevations (i.e., cTn >99th
percentile value for the assay used, with temporal variations
of <20%) in the appropriate clinical context.1 Several pre-
vious studies consistently found a strong and graded associ-
ation between high-sensitivity cardiac troponin (hs-cTn)
levels and the risk of death and cardiovascular events in
patients without MI, including those with stable hs-cTn lev-
els over time.2−5 Although high-sensitivity assays provide
improved prognostic information, the implementation of
such assays into clinical practice does not affect mortality
or cardiovascular outcomes.6 Improved knowledge about
the association between chronic myocardial injury and its
effects on health systems further emphasizes the importance
of attempting to find ways to improve prognosis in this
patient group. There is no or limited existing data on the
association between stable hs-cTn levels and the burden of
disease in terms of hospital care, readmissions, and the use
of healthcare resources. Therefore, in this study, we aimed
to investigate healthcare and resource utilization in relation
to stable hs-cTnT levels in patients with chest pain in the
emergency department (ED).
Methods

The selection of the study cohort has been described in
detail previously.3 In brief, we identified all patients >25 years
of age with chest pain and at least 1 concurrently measured hs-
cTnT level in the ED at the Karolinska University Hospital,
Stockholm, Sweden, from January 1, 2011 to October 20,
2014. We excluded all patients (n = 1,269) with MI associated
with the visit and patients with an estimated glomerular filtra-
tion rate of <15 ml/min/1.73 m2 (n = 131). To exclude patients
with acute myocardial injury other than MI, all patients with
any hs-cTnT level >14 ng/l or any hs-cTnT level <12 ng/l
with a concurrent delta change of >2 ng/l were identified.
These patients’ medical records were scrutinized to assess if
the troponin levels recorded were related to any acute medical
conditions. Only patients without any acute condition were
included in the final cohort (19,460 patients). The study popu-
lation for the present study comprised those within the final
cohort who survived the index hospital visit (19,437 patients).
The study protocol was approved by The Regional Ethical
Review Board in Stockholm and adhered to the principles in
the 1975 Declaration of Helsinki.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2020.04.048&domain=pdf
http://creativecommons.org/licenses/by/4.0/
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All eligible patients with chest pain in the ED were iden-
tified from the hospital’s local administrative database, and
laboratory data were obtained from the hospital’s IT
Department. Information on co-morbidities and medication
use was obtained after linking local data with data from the
National Patient Register and the Prescribed Drug Register,
which are maintained by the Swedish National Board of
Health and Welfare.7 Outcome data on hospital visits dur-
ing the follow-up were retrieved from the National Patient
Register. Hs-cTnT concentrations were analyzed using the
Elecsys 2010 system (Roche Diagnostics GmbH, Man-
nheim, Germany), which has a limit of detection of 5 ng/l, a
ninety-ninth-percentile cut-off point of 14 ng/l, and a coeffi-
cient of variation of <10% at 13 ng/l.8 The assay has been
used in clinical practice at Karolinska University Hospital
since December 10, 2010.

The index date was defined as the date at the time of the
index hospital visit for chest pain. Myocardial injury was
defined as any hs-cTnT level >14 ng/l recorded during the
index visit. Chronic myocardial injury was defined according
to the assessment of all information in medical records in
patients with myocardial injury, who had ≥2 stable hs-cTnT
levels >14 ng/l recorded without any acute medical condition
related to troponin elevations. No absolute or relative delta-cri-
teria were applied to define stable hs-cTnT levels. Co-morbid-
ities were defined according to discharge diagnoses coded
according to the tenth version of the International Classifica-
tion of Disease (ICD-10) in the National Patient Register
before the index date. An exception was diabetes, which was
defined as ongoing use of any hypoglycemic agent.9 Ongoing
use of medication was defined as 2 or more filled prescriptions
during the year before the index date. Hospital visits were
defined as any hospital visit during follow-up, including in-
hospital stay and ED visits without referral for further in-hos-
pital care. Hospital days were counted as the sum of all of the
days registered during hospital visits. Computed tomography
(CT) examinations were categorized into the following
groups:1 abdominal CT2 thorax CT (including CT pulmonary
angiogram and angiography of the aorta) and3 head CT. Fol-
low-up for all outcomes started at the time of discharge from
the index visit and ended on December 31, 2016. The dis-
charge diagnosis for hospital visits during the follow-up were
defined according to the diagnosis in the primary position in
the Patient Register.

Baseline characteristics are described by means and
standard deviations (SDs) or numbers and percentages for
categorical variables. The variance was higher than the
means for all outcomes, and testing for dispersion by the
likelihood ratio test of the overdispersion parameter alpha
implied that the outcome data were overdispersed (p value:
<0.05 for a likelihood-ratio test with H0: a = 0 for all out-
comes). Therefore, a negative binomial regression model
was appropriate to use. Incidence rates for the outcomes
were calculated within the following categories of hs-cTnT
levels: <5, 5 to 9, 10 to 14, 15 to 29, 30 to 49, and ≥50 ng/l.
Incidence rate ratios (IRRs) were calculated unadjusted and
adjusted for the following covariates: age, gender, esti-
mated glomerular filtration rate, previous MI, previous car-
diac revascularization, stroke, atrial fibrillation, heart
failure, hypertension, chronic obstructive pulmonary dis-
ease, medical treatment with aspirin, angiotensin-
converting enzyme inhibitors/angiotensin receptor block-
ers, beta blockers, and statins. Postestimation of margins
was conducted to predict age-adjusted incidence rates. The
software Stata version 15.1 (StataCorp LP, College Station,
TX) was used for statistical analyses.
Results

Within higher categories of hs-cTnT levels, patients
were older, more likely to be men, and had a higher preva-
lence of co-morbidities, including reduced kidney function
(Table 1). Characteristics of the original cohort have been
described elsewhere.3

During a mean follow-up of 4.1 § 1.2 years, there were
36,617 hospital visits (Table 2). The proportion of patients
with at least one visit increased with higher hs-cTnT
concentrations, from 43% (<5 ng/l) to 89% (≥50 ng/l;
Figure 1A). In patients with chronic myocardial injury,
more than one-fourth had >5 visits recorded during the
follow-up. The median number of days spent in hospital
increased with higher hs-cTnT levels (Supplemental Figure
1A). The yearly rate of hospital visits increased in a graded
manner with increasing hs-cTnT levels and showed a simi-
lar increasing trend after age adjustments (Table 2,
Figure 2A). The adjusted risk of hospital visits was doubled
in patients with chronic myocardial injury compared with
patients with hs-cTnT levels <5 ng/l.

A total of 206,808 hospital days were recorded during fol-
low-up. The proportion of patients having any day spent at the
hospital increased with higher hs-cTnT categories (Table 2).
In patients with chronic myocardial injury, >50% had >10
hospital days recorded (Figure 1B). The median number of
hospital days increased with higher hs-cTnT categories (Sup-
plemental Figure 1B), and both unadjusted and age-adjusted
rates of number of days spent in hospital gradually rose with
increasing hs-cTnT levels (Table 2, Figure 2B). The adjusted
risk of days spent in hospital was almost threefold in patients
with hs-cTnT levels ≥30 ng/l compared with the reference
group (Table 2). Incidence rate differences between hs-cTnT
categories for the number of hospital visits and number of
days spent in hospital were all significant in pairwise compari-
sons, except between the 2 highest categories (Supplemental
Table 1A and B).

The most common discharge diagnoses during follow-up
in patients without myocardial injury (hs-cTnT levels <14
ng/l) were symptoms and signs involving the circulatory
and respiratory systems (ICD codes R00-R09), whereas
heart failure was the most common diagnosis in patients
with chronic myocardial injury (Supplemental Table 2).
Heart failure was the third most common diagnosis among
patients with chronic myocardial injury without previous
cardiovascular disease (Supplemental Table 3).

A total of 1,199 coronary angiography exams were con-
ducted during follow-up, of which the vast majority was
performed in patients without myocardial injury (Table 3).
The proportion of angiographies with concurrent revascu-
larization was higher in low hs-cTnT categories. The high-
est yearly event rate and adjusted risk for coronary
angiography and revascularization were found in patients in
the category of hs-cTnT levels of 10 to 14 ng/l, whereas
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Table 1

Patient characteristics

High-sensitivity cardiac troponin T levels (ng/l)

All patients <5 5-9 10-14 15-29 30-49 ≥50

Number of patients 19,437 (100%) 12,151 (63%) 4,095 (21%) 1,679 (8.6%) 1,091 (5.6%) 292 (1.5%) 129 (0.7%)

Age (years, [SD]) 54 § 16 48 § 13 59 § 14 69 § 14 77 § 12 79 § 11 80 § 13

Female 9,689 (50%) 6,757 (56%) 1,559 (38%) 726 (43%) 494 (45%) 105 (36%) 48 (37%)

eGFR (ml/min/1.73 m2)

>60 17,603 (91%) 11,895 (98%) 3,720 (91%) 1,273 (76%) 589 (54%) 89 (30%) 37 (29%)

45-60 1,169 (6.0%) 219 (1.8%) 293 (7.1%) 287 (17%) 278 (25%) 68 (23%) 24 (19%)

30-44 508 (2.6%) 33 (0.3%) 77 (1.9%) 103 (6.1%) 169 (15%) 87 (30%) 39 (30%)

15-29 156 (0.8%) 4 (0.03%) 4 (0.1%) 16 (1.0%) 55 (5.0%) 48 (16%) 30 (23%)

Myocardial infarction 1,280 (6.6%) 348 (2.9%) 344 (8.4%) 225 (13%) 237 (22%) 87 (30%) 39 (30%)

Heart failure 826 (4.3%) 116 (1.0%) 148 (3.6%) 147 (8.8%) 242 (22%) 121 (41%) 52 (40%)

Stroke 670 (3.5%) 181 (1.5%) 152 (3.7%) 115 (6.9%) 144 (13%) 57 (20%) 21 (16%)

Prior revascularization 1,402 (7.2%) 403 (3.3%) 405 (9.9%) 276 (16%) 220 (20%) 68 (23%) 30 (23%)

Atrial fibrillation 1,763 (9.1%) 465 (3.8%) 440 (11%) 304 (18%) 357 (33%) 133 (46%) 64 (50%)

Diabetes mellitus 1,585 (8.2%) 513 (4.2%) 426 (10%) 284 (17%) 237 (22%) 87 (30%) 38 (29%)

COPD 542 (2.8%) 141 (1.2%) 140 (3.4%) 93 (5.5%) 111 (10%) 36 (12%) 21 (16%)

Medication

Platelet inhibitors 3,137 (16%) 971 (8.0%) 878 (21%) 577 (34%) 495 (45%) 158 (54%) 58 (45%)

Beta blockers 4,131 (21%) 1,432 (12%) 1,120 (27%) 704 (42%) 610 (56%) 184 (63%) 81 (63%)

ACEi/ARB 4,179 (22%) 1,436 (12%) 1,182 (29%) 723 (43%) 579 (53%) 181 (62%) 78 (60%)

Statins 3,240 (17%) 1,140 (9.4%) 954 (23%) 544 (32%) 431 (40%) 122 (42%) 49 (38%)

ACEi/ARB = angiotensin-converting-enzyme inhibitor/angiotensinogen-receptor-blocker; COPD = chronic obstructive pulmonary disease; eGFR = esti-

mated glomerular filtration rate; SD = standard deviation.

Coronary Artery Disease /Elevated troponins and healthcare use 69
risks declined and were not increased in patients with hs-
cTnT levels ≥30 ng/l.

A total of 1,591 abdominal CT exams were performed
(Table 4). The proportion of patients who had at least one
Table 2

Hospital care (visits and days) in patients with stable high-sensitivity cardiac tropo

All Patients <5 5-9

Number of patients 19,437

(100%)

12,151 (63%) 4,095

(21%

Hospital visits

Number of visits 36,617

(100%)

15,766

(43%)

8,230

(22%

Visits per hs-cTnT category

Number of patients with:

No visit* 9,413

(48%)

6,931 (57%) 1,904 (47

Any visit* 10,024 (52%) 5,220 (53%) 2,191

(53%

Visits per person-year (95% CI) 0.5 (0.4-0.5) 0.3 (0.3-0.3) 0.5 (0.5-

Unadjusted, IRR (95% CI) Ref. 1.62 (1.54-

Multivariable adjustedy, IRR
(95% CI)

Ref. 1.27 (1.20-

Hospital days

Number of days 206,808 (100%) 74,248 (36%) 44,836 (2

Days per person-year (95% CI) 2.6 (2.5-

2.7)

1.4 (1.4-1.5) 2.9 (2.7-

Unadjusted, IRR (95% CI) Ref. 1.64 (1.56-

Multivariable adjustedy, IRR
(95% CI)

Ref. 1.27 (1.20-

* Proportion of patients within each hs-cTnT category.
yMultivariable adjustment was made for the following covariates: age, gender, e

ure, hypertension, chronic obstructive pulmonary disease, and medical treatment

interval; IRR = incidence rate ratio.
CT exam conducted increased with higher hs-cTnT levels,
although adjusted risks were significantly increased only in
the highest hs-cTnT categories. Of the 762 thorax CT
exams conducted, the vast majority were performed in
nin T levels

High-sensitivity cardiac troponin T levels (ng/l)

10-14 15-29 30-49 ≥50

)

1,679

(8.6%)

1,091

(5.6%)

292

(1.5%)

129

(0.7%)

)

5,270

(14%)

5,066

(14%)

1,600

(4.4%)

685

(1.9%)

%) 404

(24%)

131

(12%)

29

(9.9%)

14

(11%)

)

1,275

(76%)

960

(88%)

263

(90%)

115

(89%)

0.6) 0.9 (0.8-0.9) 1.3 (1.2-1.4) 1.7 (1.6-2.0) 1.7 (1.4-2.0)

1.70) 2.85 (2.70-3.02) 4.23 (3.98-4.48) 5.56 (5.03-6.15) 5.63 (4.86-6.54)

1.33) 1.72 (1.61-1.83) 2.01 (1.86-2.16) 2.36 (2.10-2.65) 2.33 (2.00-2.73)

2%) 34,140 (17%) 36,022 (17%) 12,219 (5.9%) 5,343 (2.6%)

3.1) 5.6 (5.1-6.0) 9.3 (8.5-10) 13(12-15) 13(11-17)

1.72) 3.18 (3.00-3.37) 5.13 (4.82-5.47) 7.45 (6.70-8.29) 7.56 (6.47-8.85)

1.33) 1.85 (1.73-1.98) 2.31 (2.14-2.50) 2.88 (2.55 3.26) 2.89 (2.45-3.40)

GFR, previous MI or revascularization, stroke, atrial fibrillation, heart fail-

with aspirin, ACE/ARB-inhibitor, beta blockers or statins. CI = confidence



Figure 1. Number of hospital visits (A) and hospital days (B) according to category of high-sensitivity cardiac troponin T concentrations. Hs-cTnT = high-

sensitivity cardiac troponin t.
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patients with hs-cTnT levels <14 ng/l, yet the proportion of
patients who had at least one exam conducted increased
gradually with increasing hs-cTnT levels (Table 4).
Adjusted risks were only significantly increased in patients
with hs-cTnT levels of 5 to 29 ng/l. There were 2,352 head
CT exams conducted, and the proportion of patients who
had at least 1 exam performed during follow-up increased
with higher hs-cTnT categories (Table 4). Adjusted risks
increased with higher hs-cTnT concentrations, being 60%
to 90% higher in patients with chronic myocardial injury
compared with the risk in those with hs-cTnT levels
<5 ng/l.

www.ajconline.org


Figure 2. Age-adjusted incidence rates of hospital visits (A) and hospital days (B) according to category of high-sensitivity cardiac troponin T concentrations.

Hs-cTnT = high-sensitivity cardiac troponin T.
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Discussion

In a large cohort of patients with chest pain and stable
hs-cTnT levels, we found that the number of hospital visits
and days spent in hospital gradually increased with
increasing hs-cTnT concentrations. In patients with chronic
myocardial injury, the risk of hospital visits was doubled,
and the risk of days spent in hospital more than doubled
compared with those in patients with hs-cTnT levels
<5 ng/l.



Table 3

Resource utilization in patients with stable high-sensitivity cardiac troponin T levels

High-sensitivity cardiac troponin T levels (ng/l)

All Patients <5 5-9 10-14 15-29 30-49 ≥50

Coronary angiography

Number of patients 19,437 (100%) 12,151 (63%) 4,095

(21%)

1,679

(8.6%)

1,091 (5.6%) 292

(1.5%)

129

(0.7%)

Number of coronary

angiographies*

1,199 (6.2%) 445 (3.7%) 333 (8.1%) 242 (14%) 134 (11%) 35 (12%) 10 (7.8%)

Events per 100 person-years

(95% CI)

1.5 (1.4-

1.6)

0.8 (0.8-1.0) 2.2 (1.9-2.5) 3.9 (3.4-4.6) 3.5 (2.8-4.2) 3.8 (2.5-5.7) 2.5 (1.4-4.7)

Unadjusted, IRR (95% CI) Ref. 2.58 (2.20-3.03) 4.70 (3.93-5.34) 4.31 (3.47-4.93) 4.61 (3.12- 6.80) 3.74 (2.00-7.01)

Multivariable adjustedy, IRR
(95% CI)

Ref. 1.49 (1.25-1.77) 1.92 (1.56-2.37) 1.49 (1.15-1.94) 1.39 (0.90-2.15) 1.19 (0.61-2.31)

Revascularization

Number of

revascularizations*

729 (3.8%) 252 (2.1%) 205 (5.0%) 167 (10%) 84 (7.7%) 17 (5.8%) 4 (3.1%)

Proportion of coronary

angiographies with

revascularization

61% 57% 62% 69% 63% 49% 40%

Events per 100 person-years

(95% CI)

0.9 (0.8-

1.0)

0.5 (0.4-0.6) 1.3 (1.1-1.6) 2.7 (2.3-3.2) 2.2 (1.7-2.8) 1.9 (1.1-3.1) 1.0 (0.4-2.7)

Unadjusted, IRR (95% CI) Ref. 2.81 (2.29-3.45) 5.81 (4.68-7.22) 4.53 (3.44-5.98) 4.24 (2.51-7.16) 2.58 (0.96-6.93)

Multivariable adjustedy, IRR
(95% CI)

Ref. 1.47 (1.17-1.85) 2.21 (1.68-2.92) 1.39 (0.97-2.00) 1.01 (0.53-1.95) 0.61 (0.19-1.97)

* Proportions are number of coronary angiographies and revascularization per patients within each hs-cTnT category.
yMultivariable adjustment was made for the following covariates: age, gender, eGFR, previous MI or revascularization, stroke, atrial fibrillation, heart fail-

ure, hypertension, chronic obstructive pulmonary disease, and medical treatment with aspirin, ACE/ARB-inhibitor, beta blockers or statins.

CI = confidence interval; IRR = incidence rate ratio.
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Implementing an hs-cTn assay increases the number of
patients being classified as having chronic myocardial
injury, although treatment and prognosis remain unaf-
fected.10 Although hs-cTn assays may help identify patients
at low risk, and thereby reduce the overall duration of the
hospital stay, patients being reclassified with myocardial
injury may have a longer stay.6 Existing guidelines
acknowledge chronic myocardial injury as a new entity in
the era of high-sensitivity assays, but knowledge on proper
investigation and treatment strategies for reducing the asso-
ciated risks is limited.1 Thus, a longer hospital stay and
multiple visits in patients with stable hs-cTnT levels may at
least partly reflect clinicians’ uncertainty on appropriate
management of patients. This is supported by our observa-
tion that patients across all hs-cTnT categories were fre-
quently discharged with “symptom diagnoses” from
chapter 18 in the ICD-10 (ICD-codes R00-R09), suggesting
that no diagnosis of any specific medical condition was
established.

Heart failure was the most common cause for hospital
visits in patients with chronic myocardial injury in our
study, and the third most common discharge diagnosis in
patients free from previous cardiovascular disease. These
findings support a strong association between elevated hs-
cTn concentrations and the risk of incident heart failure.3,11
−13 Hs-cTnT concentrations are associated with morpholog-
ical cardiac changes on magnetic resonance imaging consis-
tent with early subclinical remodeling among individuals
without previous cardiovascular disease.11 Whether hs-cTn
levels can be used as a biomarker for detection of subclini-
cal heart disease is unknown.
Only 15% of all coronary angiographies were conducted
in patients with chronic myocardial injury. Additionally,
the risk of being investigated decreased at high hs-cTnT
levels. These observations are surprising considering the
excessive risk of future MI associated with stable hs-cTn
levels,3,10 and the relation between hs-cTn levels and sever-
ity and complexity of atherosclerotic plaques.14 At our hos-
pital sites, introduction of an hs-cTnT assay was followed
by a 5% increase in coronary angiography in patients with
chest pain in the ED and hs-cTnT levels >14 ng/l during
the first 2 years in clinical use,15 whereas other investigators
have reported no associated change in the overall use of
coronary angiography.16,17 A recent prospective study
showed that the frequencies of coronary angiography and
percutaneous intervention increased in patients who were
reclassified with myocardial injury with the use of a high-
sensitivity cTnI assay.6 However, the number of examina-
tions and interventions was small and unchanged in patients
who were classified with chronic myocardial injury, in
whom the prognosis was unaffected.10

The number of CT investigations increased with increas-
ing hs-cTnT levels, although rates and adjusted risks pla-
teaued at the highest hs-cTnT categories. The gradual
increase in investigations was most noticeable for head CT
exams. This finding was expected, as chronic myocardial
injury is associated with the risk of stroke.18 The overall
increasing numbers and adjusted risks of CT examinations
with increasing hs-cTnT levels suggest that cTn release is
common in several nonischemic and extra-cardiac condi-
tions,19,20 and that cTn levels are an independent prognostic
marker for noncardiovascular outcomes.3,18,21,22

www.ajconline.org


Table 4

Computed tomography examinations in relation to stable high high-sensitivity cardiac troponin t levels

High-sensitivity cardiac troponin T levels (ng/l)

All patients <5 5-9 10-14 15-29 30-49 ≥50

Number of patients 19,437 (100%) 12,151

(63%)

4,095

(21%)

1,679

(8.6%)

1,091

(5.6%)

292

(1.5%)

129

(0.7%)

CT abdomen

Number of exams* 1,591 (8.2%) 842 (6.9%) 343 (8.4%) 177 (11%) 153 (14%) 54 (18%) 22 (17%)

Exams per hs-cTnT category

Number of patients with:

Any examy 945 (4.9%) 484 (4.0%) 198 (4.8%) 122 (7.3%) 92 (8.4%) 31 (11%) 18 (14%)

1 examy 629 (3.2%) 316 (2.6%) 128 (3.1%) 90 (5.4%) 62 (5.7%) 18 (6.2%) 15 (12%)

2-3 examsy 248 (1.3%) 125 (1.0%) 56 (1.4%) 26 (1.6%) 26 (2.4%) 12 (4.1%) 3 (2.3%)

>3 examsy 68 (0.4%) 43 (0.4%) 14 (0.3%) 6 (0.4%) 4 (0.4%) 1 (0.3%) .(.)

Exams per 100 person-years

(95% CI)

2.0 (1.9-2.2) 1.6 (1.4-1.8) 2.2 (1.9-2.6) 2.9 (2.4-3.5) 3.9 (3.1-5.0) 5.9 (3.9-9.0) 5.5 (3.5-8.8)

Unadjusted, IRR (95% CI) Ref. 1.40 (1.18-1.65) 2.16 (1.77-2.64) 2.60 (2.09-3.25) 3.82 (2.66-5.48) 4.98 (3.12-9.70)

Adjusted for eGFR (ml/min/

1.73 m2), IRR (95% CI)

Ref. 1.28 (1.08-1.51) 1.83 (1.47-2.26) 2.03 (1.57-2.60) 2.69 (1.81-4.00) 3.52 (2.14-5.78)

Multivariable adjustedz, IRR
(95% CI)

Ref. 1.08 (0.90-1.29) 1.34 (1.07-1.69) 1.28 (0.98-1.69) 1.68 (1.11-2.55) 2.08 (1.25-3.49)

CT thorax

Number of exams* 762 (3.9%) 287 (2.4%) 212 (5.2%) 134 (8.0%) 104 (9.5%) 21 (7.2%) 4 (3.1%)

Exams per hs-cTnT category

Number of patients with:

Any examy 477 (2.5%) 197 (1.6%) 152 (3.7%) 92 (5.5%) 73 (6.7%) 23 (7.9%) 7 (5.4%)

1 examy 320 (1.7%) 141 (1.2%) 77 (1.9%) 49 (2.9%) 40 (3.7%) 9 (3.1%) 4 (3.1%)

2-3 examsy 128 (0.7%) 47 (1.3%) 65 (1.6%) 37 (2.2%) 30 (2.8%) 13 (4.5%) 3 (2.3%)

>3 examsy 29 (0.2%) 9 (0.1%) 10 (0.2%) 6 (0.4%) 3 (0.3%) 1 (0.3%) .(.)

Exams per 100 person-years

(95% CI)

1.0 (0.9-1.1) 0.5 (0.5-0.6) 1.4 (1.1-1.7) 2.2 (1.7-2.9) 2.7 (2.0-3.6) 2.3 (1.2-4.4) 1.0 (0.4-2.7)

Unadjusted, IRR (95% CI) Ref. 2. 09 (1.66-2.62) 3.48 (2.68-4.52) 4.50 (3.39-5.96) 3.86 (2.21-6.77) 2.66 (0.99-7.16)

Adjusted for eGFR (ml/min/

1.73 m2), IRR (95% CI)

Ref. 1.77 (1.40-2.24) 2.57 (1.94-3.42) 2.86 (2.06-3.97) 2.07 (1.13-3.79) 1.42 (0.51-3.92)

Multivariable adjustedz, IRR
(95% CI)

Ref. 1.40 (1.09-1.79) 1.78 (1.31-2.42) 1.72 (1.20-2.47) 1.21 (0.64-2.27) 0.81 (0.29-2.27)

CT head

Number of exams* 2,352 (12%) 1,027 (8.5%) 528 (13%) 330 (20%) 335 (31%) 94 (32%) 38 (29%)

Exams per hs-cTnT category

Number of patients with:

Any examy 1,255 (6.5%) 567 (4.7%) 268 (6.5%) 162 (9.6%) 164 (15%) 54 (18%) 54 (42%)

1 examy 767 (4.0%) 378 (3.1%) 159 (3.9%) 84 (5.0%) 100 (9.2%) 33 (11%) 13 (10%)

2-3 examsy 340 (1.8%) 141 (1.2%) 68 (1.7%) 58 (3.5%) 43 (4.9%) 17 (5.8%) 3 (2.3%)

>3 examsy 148 (0.8%) 48 (0.5%) 41 (1.0%) 20 (1.2%) 21 (1.9%) 4 (1.4%) 4 (3.1%)

Exams per 100 person-years

(95% CI)

3.0 (2.8-3.2) 2.0 (1.8-2.2) 3.4 (2.9-4.0) 5.4 (4.4-6.5) 8.6 (7.2-10) 10 (7.5-14) 9.6 (5.6-16)

Unadjusted, IRR (95% CI) Ref. 1.60 (1.38-1.85) 2.48 (2.09-2.95) 4.35 (3.68-5.15) 5.63 (4.26-7.43) 4.85 (3.12-7.56)

Adjusted for eGFR (ml/min/

1.73 m2), IRR (95% CI)

Ref. 1.38 (1.19-1.60) 1.89 (1.57-2.28) 2.88 (2.36-3.51) 3.18 (2.33-4.35) 2.74 (1.72-4.37)

Multivariable adjustedz, IRR
(95% CI)

Ref. 1.10 (0.94-1.29) 1.26 (1.04-1.55) 1.67 (1.34-2.07) 1.90 (1.36-2.63) 1.64 (1.02-2.64)

* Proportions are number of examinations per patients within each hs-cTnT category.
y Proportion of patients within each hs-cTnT category.
zMultivariable adjustment was made for the following covariates: age, gender, eGFR, previous MI or revascularization, stroke, atrial fibrillation, heart fail-

ure, hypertension, chronic obstructive pulmonary disease, and medical treatment with aspirin, ACE/ARB-inhibitor, beta blockers or statins. CI = confidence

interval; eGFR = estimated glomerular filtration rate; IRR = incidence rate ratio.
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Initiatives for developing investigation and treatment
strategies to improve outcomes in patients with chronic
myocardial injury are important not only for patients and
healthcare providers, but also healthcare funders. This may
involve development of a risk assessment tool to target pre-
ventive cardiovascular treatment, and to monitor risk and
disease status over time.
The size of the study population allowed us to analyze
data across several hs-cTnT categories with high precision.
We retrieved data from national healthcare registers with a
high validity.7 The selection of the study population may
have contributed to some degree of differential misclassifi-
cation, as some patients who were assessed as having stable
hs-cTnT levels might have had acute troponin elevations
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levels that had plateaued at the time of blood sampling.
When medical records were reviewed by an external inves-
tigator panel, 4% of all patients in a random sample from
the final cohort had an acute medical condition related to
the index visit. We only included patients with chest pain
as their principal complaint in the ED. Therefore, the study
results can only be generalized to other chest pain popula-
tions in similar clinical settings in which hs-cTn assays are
used. Also, the external validity may be limited by the fact
that the study was conducted at only one hospital.

In conclusion, we found that stable hs-cTnT levels in
patients presenting with chest pain are associated with the
risk of hospitalization, total length of hospital care, and
resource utilization. Among patients with chronic myocar-
dial injury, in whom heart failure is the most common cause
for rehospitalization, the risk of hospital visits is doubled
and days spent in hospital are almost 3 fold compared with
patients with hs-cTnT levels <5 ng/l.
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