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Abstract

Background: Accuracy of high sensitive troponin (hs-cTn) to detect coronary artery disease (CAD) in
Dpatients with renal insufficiency is not established. The aim of this study was to evaluate the prognostic
role of hs-cTn T and I in patients with chronic kidney disease (CKD).

Methods: All consecutive patients with chest pain, renal insufficiency (eGFR < 60 mL/min/1.73 m®)
and high sensitive troponin level were included. The predictive value of baseline and interval troponin
(hs-cTnT and hs-cTnl) for the presence of CAD was assessed.

Results: One hundred and thirteen patients with troponin I and 534 with troponin T were included,
with 95 (84%) and 463 (87%) diagnosis of CAD respectively. There were no differences in clinical,
procedural and outcomes between the two assays. For both, baseline hs-cTn values did not differ be-
tween patients with/without CAD showing low area under the curve (AUC). For interval levels, hs-cTnl
was significantly higher for patients with CAD (0.2 = 0.8 vs. 8.9 + 4.6 ng/mL; p = 0.04) and AUC
was more accurate for troponin I than hs-cTnT (AUC 0.85 vs. 0.69). Peak level was greater for hs-cTnl
in patients with CAD or thrombus (0.4 = 0.6 vs. 15 + 20 ng/mL; p = 0.02; AUC 0.87: 0.79-0.93); no
differences were found for troponin T assays (0.8 + 1.5 vs. 2.2 = 3.6 ng/mL; p = 1.7), with lower AUC
(0.73: 0.69-0.77). Peak troponin levels (both T and I) independently predicted all cause death at 30 days.
Conclusions: Patients with CKD presenting with altered troponin are at high risk of coronary disease.
Peak level of both troponin assays predicts events at 30 days, with troponin I being more accurate than
troponin T. (Cardiol ] 2017; 24, 2: 139-150)
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Introduction

Accelerated atherosclerosis increases the risk
of acute myocardial infarction (AMI) in patients
with chronic kidney disease (CKD) [1-4] compared
with general population. Moreover, after a coronary
thrombotic event, mortality rates are extremely
elevated, due to peri-procedural complications and
a high risk of recurrent events [5, 6] also due to com-
plicated and technically challenging lesions [7-9].

Cardiac troponins (cTn, either the T or I iso-
form) are the preferred biomarkers measured in
patients with suspected AMI. Recently accuracy
of high-sensitivity cTn assays (hs-cTn) have been
demonstrated to be up to 96% [10]. However this
study excluded patients with a reduced renal clear-
ance, who have a greater prevalence of persistently
elevated cTn compared with non-CKD patients.
Many explanations have been suggested for this.
While it appears unlikely that this could be related
only to reduced clearance, subclinical subacute
cardiac damage or even previous subclinical myo-
cardial necrosis or left ventricular hypertrophy [11]
may be causative.

In this population the diagnosis of acute coro-
nary syndromes (ACS) can be particularly challeng-
ing. Electrocardiograms are frequently abnormal
because of a higher prevalence of left ventricular
hypertrophy and electrolyte imbalances, while
persistent elevation of cTn represents a frequent
finding. A high percentage of CKD patients have
increased levels of troponin T and troponin I, which
decreases the accuracy in predicting cardiac isch-
emia and diagnosing AMI [12-14].

Moreover, coronary computed tomography
seems unlikely to be useful, because of high rates
of coronary calcification [15].

Only a few studies [16] have tested the ac-
curacy of hs-cTn in ACS settings, but patients
included had a median clearance higher than
60 mL/min/m*, consequently limiting their applica-
bility into everyday practice.

Methods

This study conforms to the STROBE guide-
lines [17].

The study was approved by the local bioethical
committee; the retrospective nature of the study
did not required anticipated patient consent.

Study design, setting and participants
Retrospectively all patients presented to the
Emergency Department (ED) with chest pain of

recent onset (less than 6 hours) in 7 centres (Turin,
Thoraxcenter, Edinburgh, Bologna, Siena, Catania,
Krakow) between 2009 and 2011.

Inclusion criteria were: 1) elevation of hs-cTn
levels above the upper limit of reference at base-
line and 2) renal clearance below 60 mL/min/m?
elaborated according to Modification of Diet in
Renal Disease (MDRD) formula [15].

Clinical variables and end points

Troponin levels assessed 3 and 6 h after ED
presentation were recorded along with peak level
before coronary angiography, relative increase of
the second level compared to baseline and relative
increase of the peak level compared to baseline.
Age, gender, cardiovascular risk factors and renal
clearance on admission (elaborated through MDRD
formula [15]) were also collected. Cardiovascular
risk factors were appraised during ED or cardiology
ward stay as part of usual care, according to current
guidelines for hypertension, hyperlipidemia and
diabetes mellitus (both already known and new
diagnosis) [18-20]. Ejection fraction on admission
was also assessed.

All these variables were collected separately
for patients with high sensitive troponin T and I.
All clinical, procedural and outcomes were analyzed
according to tertiles of troponin.

Venous blood sampling was performed at 3 and
6 h after ED presentation, before coronary angi-
ography and every 24 h thereafter. All samples
were immediately transported to the laboratory,
where plasma was separated with standard cen-
trifugation. Every center used its own laboratory,
but assays were standardized: exploited assays
for troponin T were ECLIA Roche Diagnostics
(with an upper reference limit [99" percentile] of
0.14 ng/L) and for troponin I high sensitive Abbott-
Architect troponin (with an upper reference limit
[99™ percentile] of 0.26 ng/L).

Accuracy (defined as area under the curve
[AUC] of the two different assays at 3 and 6 h, at the
peak and their relative increase to detect coronary
artery disease (CAD). Significant coronary stenosis
defined as (more than 50% for left main and 70%
for other epicardial coronary vessels) or thrombus,
was the primary end point. Secondary end points
were incidence of major adverse cardiac events at
30 days and at follow up defined as a composite
end point of all cause death, cardiovascular death,
myocardial infarction, revascularization, target ves-
sel revascularization and stent thrombosis defined
according to ARC definitions [21, 22] and its single
components.
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Statistical analysis

Continuous variables are expressed as mean *+
+ standard deviation and categorical variables are
presented as counts and percentage were compared
with y” test. Normality of troponin values was
assessed through the Kolmogorov-Smirnov test.
Continuous variables were compared either with
ANOVA (if normal distribution) or with Kruskal-
-Wallis (if not normal distribution). A logistic regres-
sion was performed to evaluate the independent
predictive power for all cause death at 30 days
exploiting all features with a significant difference
(p < 0.10) at univariate analysis. To account for
different length of follow up, a Cox multivariate
adjustment with no parsimonious model was ex-
ploited to assess the independent predictive power
of peak troponin for all cause death [23].

Area under the curve was calculated with 95%
confidence interval for diagnosis of thrombus or
significant coronary stenosis for first, second and
peak of troponin before percutaneous coronary
intervention, and for relative increase of second on
first and of peak on second. Sensitivity analysis for
AUC was also performed according to renal clear-
ance, for those above and below 30 mL/min/m’.
Correlation between renal function (creatinine and
clearance) and troponin levels were evaluated with
Pearson or Rho Sperman, according to parametric
distribution.

Results

One hundred and thirteen patients with tro-
ponin I assays and 534 with troponin T were includ-
ed. At angiography, a significant coronary stenosis
or a thrombus was found in 95 (84%) patients with
hs-cTnl measurements and in 463 (87%) patients
with hs-cTnT measurements.

For troponin T patients, 120 (23%) were in
the lowest tertile of troponin (less than 0.19 ng/
/mL), 246 (46%) in the medium (between 0.19 and
2.4 ng/mL) and 147 (28%) in the highest. For tro-
ponin I, 29 (25%) patients were in the lowest levels
(Iess than 0.43 ng/mL), 57 (50%) between 0.43 and
21 ng/mL, and 27 (25%) in the upper.

Baseline features were similar (Table 1); in
both groups the GRACE score was significantly
higher in patients in the upper tertile. Ejection
fraction evaluated on admission in 83% of patients
showed a trend towards lower values in both
groups.

Overall, left main disease was diagnosed in
67 (13%) and two and three vessel coronary stenosis
in 191 (41%) and 138 (25%) patients, respectively

(Table 2). Most patients (403; 78%) were treated
with percutaneous transluminal angioplasty, while
only 28 (7%) were managed conservatively.

At 30 days and during the follow-up (Tables 3, 4),
rates of adverse events were higher in patients in
the highest tertile, mainly driven by re-infarctions,
as they were after a follow up of 52 (13-70) months.

For both assays, baseline hs-cTn values were
recorded after a median of 3.5 (3-6) h and did not
differ between patients with or without CAD,
also showed low AUCs (troponin T: AUC 0.61;
0.56-0.64; sensitivity 73; specificity 49, for patients
with renal clearance between 30 and 60 mL/min/m?,
AUC 0.57; 0.51-0.61; sensitivity 65; specificity
45; for patients with renal clearance less than
30 mL/min/m* AUC 0.52; 0.45-0.64; sensitivity
59; specificity 43; troponin I: AUC 0.61; 0.52-0.71;
sensitivity 69; specificity 45, for patients with renal
clearance between 30 and 60 mL/min/m?* AUC 0.57;
0.51-0.61; sensitivity 65; specificity 45, for patients
with renal clearance less than 30 mL/min/m?
AUC 0.60; 0.57-0.69; sensitivity 64; specificity 49)
(Fig. 1A, B).

For interval levels (evaluated after 7; 5-13 h),
hs-cTn I was significantly higher for patients
with CAD (0.2 = 0.8 vs. 8.9 = 4.6 ng/mL;
p = 0.04; Fig. 2A) but not troponin T (Fig. 2A):
similarly AUC was more predictive for troponin I
than hs-cTnT (troponin T: AUC 0.69; 0.64-0.74;
sensitivity 70; specificity 56, for patients with
renal clearance between 30 and 60 mL/min/m?
AUC 0.65; 0.63-0.68; sensitivity 63; specificity
49, for patients with renal clearance less than
30 mL/min/m?* AUC 0.62; 0.58-0.71; sensitivity 58;
specificity 54; troponin I: AUC 0.85; 0.65-0.92; sen-
sitivity 65; specificity 100, for patients with renal
clearance between 30 and 60 mL/min/m?, AUC 0.86;
0.81-0.94; sensitivity 78; specificity 95, for patients
with renal clearance less than 30 mL/min/m?
AUC 0.81; 0.59-0.85; sensitivity 64; specificity 81)
(Fig. 2B). Also increase of interval on baseline
level showed the same trend (AUC 0.8; 0.71-0.96
vs. AUC 0.64; 0.60-0.70; Fig. 3A).

All these results were consistent after sensi-
tivity analysis was performed according to level of
renal clearance (Figs. 1-4).

Peak level (recorded after 9.5; 6.5-14 h from
clinical presentation, Fig. 4A) was greater for hs-
c¢Tnl in patients with CAD or thrombus (0.4 *+
+ (0.6 vs. 15 = 20 ng/mL; p = 0.02), with an AUC of
0.87; on the contrary no differences were found for
troponin T assays (0.8 = 1.5 vs. 2.2 = 3.6 ng/mL;
p = 1.7), with lower AUC (troponin T: AUC
0.73; 0.69-0.77; sensitivity 83; specificity 51, for
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Figure 2. A. Second troponin level for patients without (on the right) and with (on the left) coronary disease. On the
left troponin T; on the right troponin | [ng/mL]. Hours from presentation: 7 (5-13); B. Area under the curve (AUC)
of second troponin level to detect thrombus or significant stenosis for troponin T on the left (AUC 0.69; 0.64-0.74;
sensitivity 70; specificity 56) and for troponin | on the right (AUC 0.85; 0.65-0.92; sensitivity 65; specificity 100).

with renal clearance between 30 and 60 mL/min/m?,
AUC 0.88; 0.79-0.95; sensitivity 79; specificity
90, for patients with renal clearance less than
30 mL/min/m?* AUC 0.80; 0.76-0.84; sensitivity 65;
specificity 88) (Fig. 4B).

At logistic regression, two models were per-
formed for each population; in both of them GRACE
score (OR 2.5; 1.5-5) and peak troponin level (T as
log of values OR 1.4; 1.1-4.4 and IOR 1.3; 1.1-2.5)
were independently related to all cause death,
while only ejection fraction was a predictor of long
term death (OR 3; 2—4; Fig. 5).

Both for troponin I and T, no significant cor-
relation was found with renal function, evaluated
with creatinine and renal clearance (Table 5).

Discussion

The main results of this multicenter registry
are: (a) patients with CKD presenting to the ED
with alterations of troponin are at high risk of coro-
nary disease; (b) peak level of both troponin assays
predicts events at 30 days; (c) troponin I may be
more accurate than troponin T in this population.

High risk of coronary disease in patients with
even a small reduction of renal function is well
documented. In primary prevention, a recent study
involving more than one million patients demon-
strated an incidence of myocardial infarction similar

in CKD patients compared to diabetic patients [24],
introducing the concept of renal disease as another
coronary heart disease equivalent. Actually CKD
at its different stages is characterized by oxidative
stress, inflammation, and dyslipidemia, a combina-
tion which promotes accelerated atherosclerosis
[25, 26]. Oxidation of low-density lipoprotein
(LDL), endothelial injury and dysfunction, and si-
multaneously compromise high density lipoprotein
(HDL) represents the primary etiology: moreover
oxidized lipids promote inflammation, thus reduc-
ing the protective function of HDL [27, 28]. These
biochemical findings clinically translate into a high
risk of coronary disease for these patients, which
currently constitutes up to 80% in our population.
It should be remembered, however, that the pre-
sent paper is based on a retrospective registry:
consequently a non indifferent risk of selection
towards a high risk population may be possible. It
could have occured at several points of the clinical
decision making process, from the choice of hospi-
talization for the patient at ED evaluation, to that
of performing coronary angiography. On the other
hand, this registry represents a real life pragmatic
approach, aiming to describe the risk of patients
clinically depicted as “high risk”.

In an examination of the research, this is the
first study to demonstrate the prognostic role
of high sensitivity peak level of troponin (both
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Figure 3. A. Area under the curve (AUC) of increment of second on first troponin level to detect thrombus or signifi-
cant stenosis for troponin T on the left (AUC 0.64; 0.60-0.70; sensitivity 58; specificity 69) and for troponin | on the
right (AUC 0.8; 0.71-0.96; sensitivity 72; specificity 100); B. AUC of increment of peak on first troponin level to detect
thrombus or significant stenosis for troponin T on the left (AUC 0.69; 0.65-0.74; sensitivity 61; specificity 72) and for
troponin | on the right (AUC 0.79; 0.69-0.84; sensitivity78; specificity 75).

T and I) in patients with CKD. The role of this
elevation is well documented for non high sensi-
tive troponin, which was predictive for short and
long-term risk of death or myocardial infarction in
ACS patients across all degrees of kidney disease
[29-31]. Moreover no differences among various
assays were recently demonstrated in subgroup
analysis of CRUSADE [32], especially for patients
reporting higher levels of troponin (for TnT 9%
vs. 14%; for Tnl 6% vs. 14%). Similarly, in pa-

tients with preserved kidney function, hs-cTn
levels correlated to mid and long term mortality
[33, 34]. In the present study, prognostic value of
hsTn (both T and I) was demonstrated for short
term all cause death, but not all long term. Several
explanations may be deduced; for these patients
a slight basal elevation of troponin is very frequent,
consequently limiting clinical validity of peak level
[9] and moreover at follow up depressed ejection
fraction, which is strictly connected to cardiac
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Figure 4. A. Peak troponin level for patients without (on the right) and with (on the left) coronary disease. On the left
troponin T; on the right troponin | [ng/mL]. Hours from presentation: 9.5 (6.5-14); B. AUC of peak troponin level before
percutaneous coronary intervention to detect thrombus or significant stenosis for troponin T on the left (AUC 0.73;
0.69-0.77; sensitivity 83; specificity 51) and for troponin | on the right (AUC 0.87; 0.79-0.93; sensitivity 73; specificity
91); AUC — area under the curve.

Grace score as continuous variable —2.50—
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Figure 5. Independent predictors values for 30 days all cause death. Peak troponin level (log) T:I 1.3: (1.1.2.5).

damage (that is troponin release) may confine and show the same accuracy and prognostic value
prognostic role of hs-cTn. in patients without renal disease [35, 36]. Patients

High sensitive Tnl was more accurate than tested with troponin I and T were similar both for
hsTnT in detecting coronary disease. Both of them baseline and procedural features, both for 30 days
are derived from genes that are specific to the heart, and long term outcomes (see Tables 3 and 4).

148 www.cardiologyjournal.org



Flavia Ballocca et al., High sensitive troponin and renal disease for myocardial infarction

Table 5. Correlation between troponin T and | and creatinine and renal clearance.

Creatinine Renal clearance (MDRD)

[mg/dL] [mL/min/1.73 m?]
Troponin | [ng/mL]
First level r=0.15; p = 0.11 = -0.07; p = 0.45
Second level r=-0.13; p = 0.45 r=0.175; p = 0.19
Peak level r=-0.16; p = 0.88 r=0.17; p = 0.06
Troponin T [ng/mL]
First level r=0.07; p=0.15 = -0.06; p = 0.34
Second level r=-0.13; p = 0.45 r =-0.03; p = 0.61
Peak level r =-0.05; p = 0.56 r=0.32; p = 0.04

Pearson or Spearman Correlation (r)

On the contrary, in the era of non high sensitivity
troponin, non specific TnT elevations were dem-
onstrated in patients with renal failure [37-39].
Many explanations have been provided, from total
lack of expression of cardiac Tnl in non-cardiac
tissue to less susceptibility of troponin I compared
to T to proteolysis which is enhanced by uremia.
In the present population, accuracy of troponin I
was higher than that of T, stressing the need for
an accurate choice of assays according to a specific
population of interest. Performance of hs-cTnT
was lower than in the recent study of Chenevier-
Gobeaux [16], but median values of clearance
in that study (75.3; 62.7-91.7 mL/min/1.73 m?®)
were significantly higher than in this study (49:
35-53), thus explaining limited performance.
Moreover both for troponin T and I, accuracy was
higher in patients with less severely reduced renal
clearance, stressing the need to test these results
in a prospective way, to increase evidence about
troponin assays in patients with CKD.

Limitations of the study

This study has some limitations. Firstly, it is
aretrospective study, with all the inherent risks of bias.
Moreover hs-cTnT and hs-cTnl were not directly
compared, but were tested with different popula-
tions. These were however, very similar in baseline
characteristics, procedural features and outcomes,
thus allowing indirect comparisons. These findings
are supported by previous evidence on non high sen-
sitivity troponin. Data about completeness of revas-
cularization were not collected, although we reported
about revascularization on proximal and consequently
prognostic vessels. Finally we did not collect data
about patients without elevated troponin levels, in
order to focus on a homogeneous population.

Conclusions

Patients with CKD presenting to the ED with
alterations of troponin are at high risk of coronary
disease. Peak levels of both troponin assays pre-
dicts events at 30 days, but troponin [ may be more
accurate than troponin T in this population.
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