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Abstract

While high-sensitivity troponin-T (hsTnT) and C-reactive protein (hsCRP) are associated with
structural heart disease, we thought to determine whether biomarkers can predict which heart is
healthy based on multimodality imaging. Patients from the emergency department with acute chest
pain suggestive of acute coronary syndrome undergoing contrast enhanced cardiac CT and stress
single photon emission computed tomography (SPECT) myocardial perfusion imaging were
included. HsTnT and hsCRP were assessed at time of CT. Imaging data were assessed for
coronary atherosclerosis, left ventricular hypertrophy/dysfunction and myocardial perfusion
abnormalities. Patients were stratified into those with or without any cardiac findings, who were
considered as cardiac healthy. For biomarkers, low cut-off corresponding to good specificity and
high cut-off corresponding to good sensitivity for cardiac health were derived. Among 117 patients
(52 years, 55 % male), 42 (36 %) were cardiac healthy based on cardiac CT and SPECT imaging.
These patients had significantly lower hsTnT and hsCRP levels as compared to those with
functional or structural abnormalities (3.58 vs. 5.63 ng/L, p=0.002; 0.82 vs. 1.93 mg/L, p=
0.0005; respectively). Patients with both low hsTnT (<3.00 ng/L) and hsCRP (<0.45 mg/L) had a
probability of 85 % for being cardiac healthy. In contrast, patients with high hsTnT (>7.00 ng/L)
and hsCRP (>2.00 mg/L) had 8 % probability for being cardiac healthy. Discriminative capacity of
a dual-biomarker strategy was significantly improved as compared to hsTnT or hsCRP alone or to
Framingham Risk score (AUC: 0.781 vs. 0.691; vs. 0.678; vs. 0.649; all p< 0.02, respectively). A
dual-biomarker strategy of hsTnT and hsCRP is highly discriminative for patients with normal
cardiac structure and function and provides incremental value beyond the Framingham risk score.
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Introduction

It could be argued that research in cardiovascular medicine is more focused to detect/treat
disease rather than to define/promote health [1]. A search on pubmed.com (through April,
2012) for the term ““cardiac disease’’ retrieved 9,414 entries while only 268 entries were
found for ““‘cardiac health’’. Because cardiac health, although highly important, is a
relatively neglected topic [2, 3], the American Heart Association (AHA) formulated the
*“2020 Goals’’ where cardiovascular health of Americans shall be improved by 20 % in
2020. As part of it, the AHA recently introduced a cardiovascular health metric. This metric
consists of seven behaviors/factors which should maintain a healthy cardiovascular status
[2]. Although a stepwise reduction of death from ischemic heart disease (IHD) was observed
with increasing cardiovascular health metric in a national cohort, complying with 6 or more
out of 7 health behaviors does prevent IHD death completely (mortality rate of 1-2 % per
1,000 Person-years) [3].
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While IHD death reflects the end stage, several clinical and subclinical diseases lead there:
epicardial coronary artery disease (CAD) with or without myocardial perfusion
abnormalities, micro-vascular disease with myocardial perfusion abnormalities, and diseases
primarily affecting the left ventricular (LV) myocardium [4-10]. The total absence of all
these diseases, which are associated with poor cardiovascular outcomes, can be used as a
definition for cardiac health. A multi-modality approach of anatomic imaging and functional
diagnostic testing is required to capture both structural and functional abnormalities. CAD
including atherosclerotic plaque and coronary stenosis can be accurately excluded
noninvasively by coronary CT angiography [11, 12]. Similar, LV size and regional LV
function can be accurately assessed by cardiac CT [13]. Abnormal myocardial perfusion can
be accurately quantified by single photon emission computed tomography myocardial
perfusion imaging (SPECT-MPI) at rest and stress [14].

For risk stratification, traditional risk factors such as hypertension, smoking, hyperlipidemia
are summarized to risk scores such as the Framingham Risk Score (FRS) or the AHA
cardiovascular health metric, which predict cardiovascular morbidity and mortality [3, 15].
Blood biomarkers are increasingly used for additional risk stratification although many of
them suffer from low specificity [16]. Among the more promising biomarkers are high-
sensitivity C-reactive protein (hsCRP), currently used in primary prevention guidance [17]
and independently linked to coronary atherosclerosis [18], and high-sensitivity troponin T
(hsTnT) which has been linked to cardiac structural disease and adverse outcomes [19, 20].

In this analysis, we used absence of CAD, LV hypertrophy/dysfunction and myocardial
ischemia as demonstrated by cardiac CT and SPECT-MPI as a definition for cardiac health
and determined whether hsCRP and/or hsTnT are predictive of cardiac health. Our
hypothesis was that biomarkers might identify both those patients at low likelihood for
substantial cardiovascular disease (“‘cardiac health’”) as well as those at higher risk for
significant structural heart disease.

Patient population

The study cohort consisted of patients presenting with symptoms suggestive of ACS to the
emergency department who were enrolled in the ROMICAT (Rule Out Myocardial
Infarction Using Computer Assisted Tomography) trial [21]. Briefly, ROMICAT was a
double-blinded, single center prospective observational cohort study of consecutive adult
patients with acute chest pain presenting to the Emergency Department (ED). All patients
had a low-to-intermediate likelihood for acute coronary syndrome (ACS) based on an initial,
inconclusive electrocardiogram and first negative cardiac biomarker. at low-to-intermediate
likelihood of acute coronary syndrome (ACS) presenting to the Emergency Department
(ED) of Massachusetts General Hospital with acute chest pain without signs of myocardial
ischemia on initial electrocardiogram and normal cardiac biomarkers. The institutional
review board approved the study protocol and all patients provided written informed
consent.
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For this analysis, we included only patients who did undergo both—cardiac CT and rest and
stress SPECT-MPI. ROMICAT I was a double blinded observational study in which all
patients underwent cardiac CT as a research examination. Importantly, caregivers and
patients remained blinded to the cardiac CT results excluding the potential for a work-up
bias. We excluded patients who developed ACS during index hospitalization, had poor CT
image quality, and those who had no biomarker data available.

Single photon emission computed tomography-myocardial perfusion imaging

According to ACC/AHA image acquisition guidelines, rest and stress SPECT-MPI using Tc
99 m sestamibi was performed in a standard 1-day protocol [22]. The patient was first
injected with Tc-99m sestamibi at rest and un-gated images were obtained. Subsequently,
stress was induced by treadmill exercise or pharmacologically by using adenosine if patient
was unable to perform the exercise. Tc 99m sestamibi was injected at peak stress. Gated
SPECT images were obtained 45 min later. During stress testing, heart rate, blood pressure,
and 12-lead ECG were recorded at baseline and every minute thereafter.

Average isotope doses for sestamibi were in the range of 9-11 mCi for the rest images and
27-33 mCi for the stress images. Beta blockers were held before stress testing for all
patients. Patients were instructed not to consume coffee or other products containing
caffeine for 24 h prior to the test. A dual-head Siemens gamma camera (E-CAM or C-CAM,
Siemens Medical Solutions, Forchheim, Germany) equipped with a low energy, high-
resolution collimator (32 views per camera head in 64 x 64 matrix) was used for image
acquisition.

Resting and stress SEPCT-MPI were analyzed objectively by two experienced readers (S.U.
& W.A)), in semi-quantitative fashion using a standard 17 segment model and a 5-point
scoring system using commercially available SPECT image analysis program (4DM, Ann
Arbor, MI) [23]. Discrepancies were adjudicated by a third reader (R.B.). Analysis was
performed blinded to the results of coronary CT angiography and cardiac biomarkers.
Global summed scores were computed for the stress images (Summed Stress Score [SSS],
reflecting the combined extent and severity of ischemia plus scar and Summed Difference
Score [SDS], reflecting the combined extent and magnitude of myocardial ischemia).

CT angiography

CT imaging was performed using a standard 64-slice multi-detector CT coronary
angiography (Sensation 64, Siemens Medical Solutions, Forchheim, Germany) protocol that
was acquired at end inspiration and included the administration of sublingual nitroglycerin
(0.6 mg) and intravenous beta-blocker (metoprolol 5-20 mg) for those with the baseline
heart rate >60 beats per minute and no other contraindications. Details of the protocol are
described elsewhere [21]. Reconstructions were performed using retrospective ECG-gated
half-scan algorithm for a temporal resolution of 165 ms. The average radiation dose from the
coronary CTA was 14.8 = 3.8 mSv.

For the detection of CAD, axial images were reconstructed using a medium sharp
convolution kernel with a slice thickness of 0.75 mm with an increment of 0.4 mm. For each
of the coronary segments, coronary atherosclerotic plaque and coronary stenosis (defined as
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luminal narrowing >50 % diameter) were visually classified as either present or absent as
previously described and determined by a two reader consensus using a Leonardo
workstation (Siemens Medical Solutions, Forchheim, Germany) as previously validated [21].

For volumetric and functional analysis of the left ventricle, multi-planar reformat image
series were reconstructed at 10 % RR-wave interval (resulting in 10 phases) with 1.5 mm
slice thickness and 1.5 mm increments of the axial images. Quantitative LV measurements
were obtained using Vitrea software (Vital Images, Minnetonka, Minnesota). LV volumes
and function were derived by manually corrected semi-automated delineation of the
endocardial borders with exclusion of the papillary muscles. LV hypotrophy was defined as
body surface area indexed LV mass >89 g/m? for women and >103 g/m? for men with
relative wall thickness ratio >0.42 for both gender [24]. ““In Space’’ software was used for
processing functional analysis (Siemens Medical Solutions). Regional LV dysfunction
including wall motion and wall thickening of the myocardium were assessed qualitatively
based on the AHA/ACC 17-segment model [23]. Regional LV dysfunction had to be present
in at least two contiguous myocardial segments or in one segment visualized in two different
views to be considered a true positive finding [25].

Definition of cardiac health

Cardiac health was defined based on three different categories—assessments of the coronary
arteries, left ventricle and myocardial perfusion, Table 1. To be considered cardiac healthy,
all of the following aspects need to be satisfied: (1) absence of any coronary plaque
including any degree of coronary stenosis, (2) absence of regional LV dysfunction and LV
hypertrophy, (3) SSS<4, and SDS<1. The cut-points for SSS and SDS were based on current
guidelines and safely exclude myocardial ischemia [26]. All patients whom did not satisfy
all of the conditions above were considered to have cardiac disease.

Cardiac serum biomarkers

Blood samples for biomarker testing (hsTnT, hsCRP) were obtained at the time of coronary
CT angiography from a peripheral vein and were collected into ethylenediaminetetraacetic
acid coated tubes and non-coated tubes. The blood was immediately centrifuged and the
aliquoted plasma and serum were stored in microcentrifuge tubes at =80 °C until assayed.
Specimens were tested on the first freeze thaw cycle. All analyses were run in a blinded
fashion.

For hsTnT level, we used a pre-commercial hsTnT method (Roche Diagnostics, Penzberg,
Germany) on an Elecsys® 2010 platform, as described elsewhere [27]. Given enhanced
sensitivity, this assay is reported with units of ng/L (rather than ng/mL for ¢cTnT) and the
99th percentile for a normal reference population is reported to be 13 ng/L [27]. The lower
level of detection (LOD) was 3 ng/L.

The concentrations of hsCRP was measured nephelometrically on a BN |1 analyzer (Dade-
Behring, Marburg, Germany). In general, the high-sensitivity assay for CRP (unit: mg/L)
allows measuring range two orders of magnitude lower than those of the traditional assays
[28].
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Statistical analysis

Results

Continuous measures were presented as median [interquartile range] and categorical
variables as percentages unless otherwise specified. To compare demographics between the
groups, Fisher’s exact and Wilcoxon Rank sum test were used. FRS was stratified into low
(<10 %), intermediate (10-20 %), and high (>20 %) risk for 10-year coronary heart disease
according to the ATP I11 guidelines [29]. We also performed a sub-analysis, defining *“low
risk’” <6 % and ‘‘intermediate risk’” as 6—20 % [30, 31].

In order to assess the associations of each individual cardiac finding (CAD, LV hypertrophy/
dysfunction, myocardial perfusion abnormalities) with blood biomarkers, separate
multivariate linear regressions were performed. While the log-transformed biomarker served
as the outcome, the extent to which each disease category contributes to the biomarker level
was expressed as partial r2. For this analysis and prior to log-transformation, hsTnT values
below the commercial level of detection (LOD, <3 ng/L) were set to the half of LOD (1.5
ng/L) due to the large portion of patients with hsTnT values below LOD. Such a treatment of
values below the LOD levels has been described and validated elsewhere [32]. For
sensitivity analysis, we restricted the cohort to patients with hsTnT values above LOD.

To determine cut-off values for biomarkers, receiver operating characteristic (ROC) curves
were established. For each biomarker, we derived two new cut-offs (one low and one high)
from the ROC curve if no established existed: the low cut-off corresponded to a specificity
of >70 % and high cut-off corresponded to a sensitivity of >70 % for cardiac health. As
established cut-offs, we used 2.00 mg/L for hsCRP (29) since it has been shown as a risk
marker for major adverse cardiovascular events, and 3 ng/L for hsTnT, which represents the
LOD for the applied assay [27]; we derived the following new cut-offs: low cut-off for
hsCRP (0.45 mg/L); high cut-off for hsTnT (7 ng/L). As a result low, intermediate, and high
levels were defined for each biomarker and combined for dual biomarker strategy (resulting
in nine strata).

Univariate and multivariate logistic regression applying a “‘profile penalized likelihood
method’” because of monotone likelihood occurrence was used to determine association
between biomarker strata and cardiac health as well to estimate the probability of being
cardiac healthy within different strata of biomarkers [33]. AUC were derived and compared
between the models using a nonparametric approach closely related to the jackknife
technique [34]. To assess the internal validity of predicting cardiac health using the
combination of hsTnT/hsCRP and to adjust for overfitting or over-optimism, bootstrap
resampling procedures with 1,000 random samples were used.

All of the statistical analyses were performed with SAS software (version 9.2, SAS Institute
Inc, Cary, NC). All probability values were two-sided, with a level of significance of <0.05.

From the original ROMICAT cohort (n = 368), we excluded 201 patients who did not
undergo SPECT, 31 patients who developed ACS during index hospitalization, 10 patients
who had no biomarker data available, and 9 patients with poor CT image quality. Thus, our
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cohort consisted of 117 patients (55 % male, median age 52 [46-59] years) who were
similar to overall population with respect to age (p= 0.38) and FRS (p=0.78).

One third of patients (n = 42; 36 %) had normal coronary arteries, normal left ventricular
size/function and normal myocardial perfusion and were stratified as cardiac healthy (Table
1). Among the remaining 75 patients who had at least one abnormal finding, the majority
had CAD (82 %), followed by abnormal myocardial perfusion (20 %), and left ventricular
abnormalities (12 % LV hypertrophy and 11 % regional LV dysfunction). Most patients (81
%) had a single finding, 15 % had two findings, and 4 % had CAD, LV hypertrophy/
dysfunction and myocardial perfusion abnormalities.

Traditional risk factors and cardiac health

Patient demographics are detailed in Table 2. Cardiac healthy patients were significantly
younger (median age 47 [IQR: 42-52] vs. 52 [IQR: 47-62] years, respectively, p=0.0002)
and had less likely hypertension (26 vs. 51 %, respectively, p = 0.01) than patients with
disease. The median FRS (10-year risk for myocardial infarction or cardiac death) was also
lower in cardiac healthy patients than in those with disease (3.0 % [IQR: 1.0-8.0] vs. 6.0 %
[IQR: 2.0-14.0]; p=0.009). Nearly 80 % of cardiac healthy patients had a low FRS risk.
However, more than 50 % of patients with abnormal findings were also considered as low
risk, Table 2. Similar results were seen when the modified FRS score was used. Both had
moderate discriminatory ability for cardiac healthy patients from those with disease (AUC:
0.649 for FRS stratification based on ATPIII guidelines vs. 0.637, for FRS stratification
based on Bethesda Conference, p = 0.65).

Blood biomarkers and cardiac health

Assessing which disease category influenced which biomarker level, hsCRP was more
associated with CAD (partial r2: 0.08) and less with myocardial perfusion abnormalities or
LV hypertrophy/dysfunction (partial r2: 0.0006 and 0.0005 respectively). In contrast, the
association to hsTnT was driven by abnormal myocardial perfusion and LV hypertrophy/
dysfunction (partial r2: 0.07 and 0.06, respectively) and less by CAD (partial r2: 0.03). If
restricted to patients with hsTnT = 3 ng/L (N = 80), the driving factors were similar,
although abnormal myocardial perfusion was less prominent (partial r2: 0.07, 0.04 and 0.01
for LV hypertrophy/dysfunction, abnormal myocardial perfusion, and CAD; respectively).

Overall, cardiac healthy patients, in whom any disease was excluded, had significantly lower
median levels of hsCRP and hsTnT as compared to patients with any disease (all p< 0.002,
Table 2). When hsCRP and hsTnT stratified based on low and high cut-offs, patients with
biomarker values below the low cut-off values had an approximate 6-fold increased odds
(OR: 6.64 and 5.68 for hsCRP and hsTnT alone) and for cardiac health as compared to
patients above the high cut-off. Similarly comparing patients with intermediate biomarker
levels to those with biomarker values above the high cut-off, the odds were 3 times greater to
be cardiac healthy (OR: 3.63 and 2.94 for hsCRP and hsTnT alone). These associations
remained significant after adjusting for FRS (all p< 0.05; Table 3).

When combining information from hsTnT and hsCRP, the combination demonstrated
significantly improved discriminative capacity as compared to a single biomarker or as
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compared to FRS (AUC of 0.781 for the hsTnT/hsCRP combination vs. 0.691 for hsCRP
only, p=0.002; vs. 0.678 for hsTnT only, p=0.02; vs. 0.649 for FRS, p= 0.009; Fig. 1).
Applying bootstrap simulations, the estimated optimism was low (0.049 + 0.043) and led to
a corrected AUC of 0.804 for the combining of hsTnT and hsCRP in the association to
cardiac health.

Probability for cardiac health based on hsTnT and hsCRP

Patients below one of the low biomarker cut-offs had an estimated probability of
approximately 55 % for cardiac health (54 % for hsTnT < 3.00 ng/L; 59 % for hsCRP < 0.45
mg/L, Fig. 2), while the probability for cardiac health decreased to 20 % if patients were
above one of the high cut-offs (20 % for hsTnT > 7.00 ng/L and to 18 % for hsCRP > 2.00
mg/L, Fig. 2). The probabilities for the biomarker strata for the combination of hsCRP and
hsTnT are illustrated in Fig. 3. Patients with both hsTnT < 3.00 ng/L and hsCRP < 0.45
mg/L (N =9) had an estimated probability of 85 % for cardiac health, while patients with
both hsTnT > 7.00 ng/L and hsCRP > 2.00 mg/L (N = 18) had an estimated probability of
only 8 % for cardiac health (Fig. 3).

Discussion

We focused this analysis on cardiac health defined as the absence of CAD, LV hypertrophy/
dysfunction, and myocardial perfusion abnormalities as demonstrated by cardiac CT and
SPECT-MPI. Our hypothesis was that biomarkers could be used to exclude structural heart
disease as defined by imaging. We determined that a dual biomarker strategy including both
hsCRP and hsTnT is highly discriminative for cardiac health and significantly more accurate
than single biomarker or FRS.

The early detection of cardiac disease is crucial for effective preventive strategies but is a
difficult goal in clinical practice [35]. This was underlined by our findings showing that
none of the single traditional risk factors other than age and hypertension were able to
predict cardiac health. The widely used FRS was able to distinguish between cardiac healthy
patients and those with disease but demonstrated poor specificity (49 %).

In contrast, two studied biomarkers demonstrated significantly lower levels in patients with
cardiac health compared to patients with any cardiac disease. Our data suggests that
concentrations of hsTnT have the strongest associations with myocardial perfusion
abnormalities and LV hypertrophy/dysfunction. Increased hsTnT levels (while still below the
99th percentile) may therefore represent cardio-myocyte stress, ischemia or damage [36, 37].
On the other hand, hsCRP showed the strongest correlation with atherosclerotic plagque by
CTA. HsCRP is a marker for inflammation with close links to the presence and severity of
atherosclerosis [38].

While the Dallas Heart Study did not assess cardiac health, it provided early evidence that
hsTnT is associated with structural heart disease supporting our results [19]. Analogous,
population-based cohorts have shown the association of hsCRP with clinically undetected
atherosclerosis [39]. We were able to show that the usage of low cut-off values of hsTnT (<3
ng/L) and hsCRP (<0.45 mg/L) corresponded with high specificity for cardiac health, as
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defined by multi-modality imaging. If hsTnT and hsCRP cut-offs were combined, the
discriminative capacity improved significantly. Patients below the low cut-off values of
hsTnT and of hsCRP had an 85 % probability of being cardiac healthy. Data from the
DETECT study (Diabetes Cardiovascular Risk-Evaluation: Targets and Essential Data for
Commitment of Treatment) also showed that a dual-biomarker strategy was superior to a
single biomarker in assessing 5,388 individuals without known cardiovascular disease [20].
In this study, cardiac troponin | was measured with a sensitive assay with a LOD of 7 ng/L,
which has been shown in our data to be a highly sensitive (85 %) but non specific (42 %)
cut-off for cardiac health. In the DETECT study, the combination of cardiac troponin I and
hsCRP (c-statistic: 0.844) were incremental to traditional risk factors. However, similar to all
prior studies; the outcome was determined to be major adverse cardiac events [20].

While hsTnT is detectable in a significant percentage of clinically ‘‘normal’” individuals, it
is below the LOD in anywhere up to 25 % [20, 40]. These patients have been shown to be at
very low risk for acute coronary syndrome when presenting with acute chest pain [20, 40,
41]; our data suggest the mechanism of this reported finding is that patients without
detectable hsTnT are exceedingly unlikely to have substantial underlying structural heart
disease as determined by imaging. Furthermore, one-third of patients with an acute chest
pain syndrome presenting to the ED are considered as cardiac healthy based on multi-
modality imaging. To identify these patients early in the triage may be a significant driver
for cost saving.

In contrast, we showed that increased levels of hsCRP and/or hsTnT are associated with
structural heart disease. It can be hypothesized that the combination of hsTnT/hsCRP with
extreme low cut-offs may serve as a gatekeeper for advanced diagnostic testing. Clinical
randomized-controlled are needed to verify this hypothesis. It must be further studied
whether patients with increased levels of hsTnT benefit more from stress testing given the
more strongly association of hsTnT with perfusion abnormalities, and whether diagnostic
test demonstrating the coronary morphology may be more appropriate in patients with
increased levels of hsCRP given that hsCRP was primarily linked to atherosclerotic disease.

Several limitations must be considered when interpreting our results. Our findings only
apply to patients with symptoms suggesting ACS and that further studies are warranted to
determine whether the results can be replicated in patients with stable chest pain syndrome.
Due to the inclusion criteria for this subanalysis, this cohort represents only a portion of the
entire ROMICAT I population with potential for a selection bias. However, the rate of
patients with hsTnT < 3.00 ng/L and hsCRP < 0.45 mg/L were similar (7 % in the entire
ROMICAT I population vs. 8 % in the subgroup which underwent CTA and SPECT-MPI).
Further, cardiac magnetic resonance imaging is accepted as the clinical gold-standard for
assessment of LV structure and function but was not used in our study. However, a few
studies have shown that cardiac CT assessment of LV structure and function is comparable
to magnetic resonance imaging [42]. Similar, quantitative positron emission tomography is
potentially superior to SPECT-MPI for the diagnosis of microvascular disease. Finally, no
data on patients’ behavior were collected and thwart our ability to assess the incremental
value of biomarkers above the AHA cardiovascular health metric.
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While our results suggest that patients with a healthy heart can be identified using a dual
marker strategy and it raises the question whether biomarkers could improve triage of acute
chest pain patients by e.g., serving as a gatekeeper for imaging diagnostics. However, further
research in larger observational studies and eventually randomized-controlled trials are
necessary to validate our concept of identifying cardiac healthy patients based on biomarkers
and to demonstrate the efficacy and effectiveness of potential hypothesis like this one.

Conclusion

A dual-biomarker strategy using hsTnT and hsCRP is highly discriminative to identify
patients free of CAD, LV hypertrophy or dysfunction and have normal myocardial perfusion
in patients with an acute chest pain syndrome. This dual-biomarker strategy provides
incremental value beyond the Framingham risk score to identify cardiac healthy patients.
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Fig. 1.

Receiver operating characteristic (ROC) curves for detection of cardiac health. The
combination of hsCRP/hsTnT yield improved discriminative capacity as compared to a
single biomarker (vs. hsCRP only, p=0.002; vs. hsTnT only, p= 0.02) and as compared to
Framingham Risk score (FRS; p=0.009). Biomarkers were stratified based on a low and
high cut-off (for hsTnT: 3.00 and 7.00 ng/L; for hsCRP: 0.45 and 2.00 mg/L), while the low
cut-off corresponded to good specificity, and the high cut-off to good sensitivity for cardiac
health. hsCRP denotes highly-sensitive C-reactive protein; hsTnT, highly-sensitive troponin
T

Int J Cardiovasc Imaging. Author manuscript; available in PMC 2020 February 21.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Schlett et al.

Page 15

Prob=54%
N=37

o9

000 025 050 075 100 125 1.50

3 4 5 6 7 8 9 10
hsTnT [ng/L]

Prob=59%
N=22

1.75 200 225 250 275
hsCRP [mg/L]

Fig. 2.
Estimated probability for being cardiac healthy based on the combination of hsCRP and

hsTnT. Cut-offs from both biomarkers, hsCRP (0.45 and 2.00 mg/L) and hsTnT (3.00 and
7.00 ng/L), were used to stratify patients. For each strata, the probability for being cardiac
healthy was estimated. Green indicates an estimated probability of >75 %, yel/low of 75-50
%, orange of 50-25 %, and red of <25 % for cardiac health. Each cut-off value was
indicated by an arrow. Prob denotes the estimated probability of being cardiac healthy; N,
patients in this subgroup
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Fig. 3.

Estimated probabilities having cardiac health for single biomarkers. For each stratified
category (for hsTnT: <3.00, 3.00-7.00, >7.00 ng/L; for hsCRP: <0.45; 0.45-2.00, >2.00
mg/L; as indicated by the arrows), we estimated the probability of having cardiac health.
Greenindicates an estimated probability of >75 %, yellow of 75-50 %, orange of 50-25 %,
and red of <25 % for cardiac health. Prob denotes the estimated probability of being cardiac
healthy; N, patients in this subgroup
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Definition cardiac health

Table 1

Cardiac healthy

Any cardiac diseased

CT: coronary artery assessment
Any atherosclerotic plaque
Any degree of stenosis

CT: left ventricle assessment
Regional LV dysfunction
Left ventricular hypertrophy

SPECT: myocardial perfusion
Summed Stress Score (SSS)
Summed Difference Score (SDS)

Absent
Absent

Absent
Absent

0-3
0

Present

Present

Present

Present

24
>1

Page 17

To meet the definition “cardiac healthy’ by multi-modality imaging, all six aspects had to be satisfied. For the definition of ‘cardiac diseased’, all

parameters were independent of each other in stratifying patients into the three different categories: coronary, left ventricle or perfusion

abnormalities
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