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ABSTRACT
We challenged to identify the cutoff value of cTnT in chronic kidney disease (CKD) patients by
point of care assessment way. A single center, prospective cross-sectional study was planned and
performed. 201 consecutive patients who were visited emergency room for chest symptoms
were enrolled in this study. All patients were performed routine practice for differential diagnosis
of chest symptom by cardiologist. Simultaneously, semiquantitative measurement of cTnT was
performed using same blood sampling on the blind condition to cardiologists for this study.
Study patients were divided into four groups according to the estimated glomerular filtration
rate (eGFR), CKD1-2, CKD3, CKD4-5, and CKD5D. Usefulness of semiquantitative measurement for
diagnosing ACEs was investigated in each group. 77 (38%) of total patient was diagnosed
as acute coronary events (ACEs). About 50% of patients were showing cTnT level less than
0.03 ng/mL. The cTnT level over 0.1 ng/mL was found in 30% of total subjects. Mean quantitative
value of cTnT was 0.29 ±0.57 ng/mL in total subjects. Estimated cutoff value in CKD3 patients
was 0.088ng/mL with a sensitivity of 59.3% and specificity of 80.0%. Interestingly, the cutoff val-
ues of CKD1-2, CKD4-5, and CKD5D were 0.047, 0.18, and 0.27 respectively, which are half, two
times, and three times of CKD3 cutoff value 0.088. The specificities of four cutoff values in each
CKD group were showing over 80%, which is higher than sensitivity, respectively. In CKD patients,
semiquantitative, point of care assessment of cTnT could be a useful tool for screening for ACEs.
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Introduction

The American Heart Association has recognized chronic
kidney disease (CKD) as the strongest contributor to car-
diac events. Among them coronary artery disease is still
one of the major cause of death in those patients.1 It
has already reported in two major studies that a graded
association was observed between a reduced estimated
GFR and the risk of cardiovascular events including
myocardial infarction.2,3 Angiographic assessment has
shown that 40–50% of incident dialysis patients have
had significant coronary artery disease (CAD).4,5 In order
to differentially diagnose patients with suspicious car-
diac events, cardiac biomarkers are useful tool in real-
world clinical setting. Especially cardiac troponin I and
T (cTnT) are components of the contractile apparatus of
myocardial cells and are expressed almost exclusively in
the heart. Elevations of these markers in the blood

reflect injury leading to necrosis of myocardial cells.6

Therefore, it is reported that cardiac troponins are good
markers for identifying myocardial necrosis, but also
cardiac systolic dysfunction,7 left ventricular hyper-
trophy,8 and CAD9 even in end-stage kidney disease
(ESKD) patients.

A problem in the clinical setting is that, for CKD
patients, there are no reference ranges for cardiac
troponin that take into account, at least in part, kidney
function. Indeed, nearly 30% of asymptomatic dialysis
patients have shown cTnT levels above the cutoff value
of 0.1 ng/mL for myocardial infarction.10 This is thought
to be a reason why cTnT does not often use for diag-
nosing acute coronary events (ACEs) in patients with
renal insufficiency. National Academy of Clinical
Biochemistry Laboratory Medicine Practice Guideline
recommended confirming dynamic change in the cTnT
values of 20% or more for defining the ESKD patients
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with acute myocardial infarction.11 However, it is not
realistic in small clinic where CKD patients and dialysis
patients are taken care usually that physicians measure
cTnT two times in an interval of several hours and judge
the difference of it. The ideal way for nephrologist is to
be possible for diagnosing ACEs in advanced CKD
patients by using cutoff value on single measurement
like point of care assessment. To date, limited informa-
tion are found about the cutoff value of cTnT for ACEs
in CKD patients.

Therefore, in order to strengthen for diagnosing
ACEs in CKD patients, we challenged to identify the
cutoff value of cTnT in CKD patients. Moreover, in
consideration of the practice style by noncardiolo-
gists in small clinic, simple, easy way, and point of
care assessment were selected to measure cTnT in
this study.

Materials and methods

Patients

A single center, prospective cross-sectional study was
planned and performed. From February to August 2011,
207 consecutive patients with chest symptom were vis-
ited emergency department at TOHO University Ohashi
Medical Center. Six patients were excluded because of
data unavailability. Finally, 201 patients were enrolled in
this study. Then, all patients were performed routine
practice for differential diagnosis of chest symptom by
cardiologist. As regular way quick cTnT measurement
was also performed at emergency department by quali-
tative test as usual which shows the level of cTnT over
0.1 ng/mL or less. Simultaneously, semiquantitative
measurement of cTnT was also performed by using
same blood sampling on the blind condition to cardiol-
ogists for this study. The measurement way is described
in detail as follows. The patients were divided into four
groups according to the estimated glomerular filtration
rate (eGFR), CKD1–2, CKD3, CKD4–5, and CKD5D
(Figure 1). Usefulness of semiquantitative measurement

for diagnosing ACEs was investigated in each group
separately. Our study complied with the Declaration of
Helsinki. Informed consent was obtained from all sub-
jects. The ethics committee for clinical research of Toho
University Ohashi Medical Center approved the study
protocol [permission number: 22–55].

Data collection

Clinical information was recorded for all patients at the
emergency department. According to the patients’ situ-
ation, patient and their family were interviewed to
obtain data on age, sex, smoking habits, primary renal
disease, previous hospitalizations, and history of hyper-
tension, cardiac disease, and cerebrovascular disease.
Information about the usage of medications was also
collected. Blood pressure was recorded in the supine
position, and a blood sample was collected just immedi-
ately after visiting emergency room. The body mass
index (BMI) at optimal weight was calculated as the
weight in kilograms divided by the square of the height
in meters. The estimated glomerular filtration rate was
calculated by using the Japanese equation12 as follows;
eGFR (mL/min/1.73m2)¼ 194�Cr�1.094�age�0.287

(�0.739 for women). In this study, regardless the pres-
ence or absence of urine abnormalities, the patients
with eGFR�90mL/min/1.73m2 defined as CKD1, and
the patients with eGFR 89–60mL/min/1.73m2 defined
as CKD2.

Measurement of cTnT

cTnT measurement was performed by Roche Cobas
h232 CARDIAC T. The measurement is potable and fast
testing way, and suitable for point of care assessment.
Non-high-sensitive cTnT levels are shown as four pat-
terns semiquantitatively, less than 0.03 ng/mL,
0.03–<0.1 ng/mL, 0.1–2.0 ng/mL (quantitative range),
and>2.0 ng/mL. Only cTnT range of 0.1–2.0 ng/mL was
displayed as numerical quantitative concentration.

Diagnosis of acute coronary event

ACEs were diagnosed by cardiologists on the blind con-
dition to cTnT levels for this study. The definition of
ACEs were defined as a patients with myocardial infarc-
tion and/or angiographical coronary narrowing>50% of
reference segment. Myocardial infarction was defined
according to the current definition of the joint criteria
for the diagnosis of acute myocardial infarction by the
European Society of Cardiology/American College of

207 consecutive patients
with chest symptom

201 patients were studied

CKD 1-2
n=52

CKD 3
n=78

CKD 4-5
n=38

CKD 5D
n=33

Figure 1. Schema of study design.
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Cardiology/American Heart Association/WorldHeart
Federation Task Force.6

Statistical analysis

Data with normal distributions are expressed as
the means ± standard deviations (SD). The data for
parameters that did not have normal distributions are
presented as the medians and interquartile ranges. The
groups were evaluated using the v2 test, analysis of
variance, and the Kruskal–Wallis test. The optimal cutoff
values for cTnT associated with ACEs were assessed by
receiver–operator characteristic (ROC) curves. Except of
cTnT quantitative range 0.1–2.0 ng/mL, dummy numer-
ical values 0.029, 0.065, and 0.201 ng/mL were used for
each categorical range<0.03 ng/mL, 0.03–<0.10 ng/mL,
and>2.0 ng/mL respectively. Sensitivity, specificity,
positive predictive value, and negative predictive
value for ACES were calculated by using that
value. p Values< .05 were considered significant.
All statistical analyses were performed using
IBMVR SPSSVR software version 20 (IBM Corporation,
Armonk, NY).

Results

Patients’ characteristics

The patients’ baseline characteristics in each CKD
groups are shown in Table 1. The mean age was higher
in patients with CKD1–2 compared with those of CKD3
or more advance stage of CKD. Higher percentage of
male and diabetes was observed in CKD5D than the
other CKD groups. Interestingly, more chest pain/chest
discomfort was found in patients with earlier stage of
CKD, and converse phenomenon was observed in dys-
pnea. Lowest BMI was presented in CKD5D patients.
Median NT-proBNP level was higher in more advanced
stage of CKD. 77 (38%) of total patient was diagnosed
as ACEs by cardiologist.

Characteristics of cTnT in CKD groups

Table 2 shows the distributions of patients in categor-
ical levels of cTnT. About 50% of patients was showing
cTnT level less than 0.03 ng/mL. The cTnT level over
0.1 ng/mL was found in 30% of total subjects. About
75% of patients with CKD1–2 were showing cTnT level

Table 1. Characteristics of 201 patients with chest symptoms.
Total eGFR

CKD1-2 CKD3 CKD4-5 CKD5D
Patients No. 201 52 78 38 33 p

Age, years 74 ± 14 66 ± 16 77 ± 12 79 ± 12 71 ± 11 <.001
Male, % 56 58 49 50 79 .025
Diabetes, % 29 23 22 37 48 .018
Dyslipidemia, % 45 52 47 47 24 .071
Pre-existing IHD, % 55 62 46 47 73 .073
Pre-existing CVD, % 16 8 19 21 15 .261
Symptom, % .002

Shock 10.0 11.5 10.3 10.5 6.1
Chest pain/chest
discomfort

32.9 55.7 23.0 23.7 30.4

Dyspnea 43.8 17.3 50.0 57.9 54.5
Backpain 3.5 3.8 6.4 0.0 0.0
Palpitation 7.0 9.6 6.4 5.3 6.1
Others 3.0 1.9 3.8 2.6 3.0

BMI, kg/m2 22 ± 4 23 ± 4 22 ± 4 22 ± 4 20 ± 3 .031
Systolic BP, mmHg 136 ± 33 135 ± 31 135 ± 32 139 ± 36 138 ± 35 .900
Diastolic BP, mmHg 73 ± 16 74 ± 14 73 ± 17 70 ± 16 73 ± 15 .756
Heart rate, beats/min 84 ± 26 85 ± 27 83 ± 25 82 ± 26 88 ± 26 .728
Ejection fraction (%) 56 ± 15 59 ± 14 55 ± 15 55 ± 15 53 ± 16 .456
Creatine kinase, mg/dL 206 ± 414 188 ± 289 232 ± 559 271 ± 370 100 ± 99 .330
Urea, mg/dL 30 ± 23 15 ± 4 21 ± 7 59 ± 31 39 ± 19 <.001
Creatinine, mg/dL 2.6 ± 3.0 0.7 ± 0.1 1.1 ± 0.2 4.2 ± 3.3 7.1 ± 3.0 <.001
eGFR, mL/min/1.732 42 ± 27 75 ± 14 46 ± 8 15 ± 8 7 ± 3 <.001
NT-ProBNP, median (IQR) 2933 (870, 9246) 620 (147, 2852) 2553 (907, 4429) 6665 (2175, 24,586) 27,267 (11,157,

49,160)
<.001

Medications
CCB, % 43 29 36 66 55 .001
RAS-I, % 50 35 45 76 55 .001
Statin, % 33 29 37 39 21 .285
Anti-platelet agents,
%

41 19 45 39 67 <.001

Beta blocker, % 33 17 24 53 55 <.001
ACE, % 38 52 35 24 42 .041

CKD: chronic kidney disease; IHD: ischemic heart disease; CVD: cerebrovascular disease; BMI: body mass index; BP: blood pressure; eGFR: estimated
glomerular filtration rate; CCB: calcium channel blocker.
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less than 0.1 ng/mL, whereas about 50% of patients
with CKD5D were showing cTnT level over 0.1 ng/mL.
Mean quantitative value was 0.29 ± 0.57 ng/mL in total
subjects, if dummy numerical values 0.029, 0.065, and
0.201 ng/mL were used for categorical range<0.03 ng/
mL, 0.03–0.10 ng/mL, and>2.0 ng/mL respectively, and
higher cTnT levels were observed in patients with more
advanced stage of CKD.

Distribution of patients with ACEs in each
categorical part of cTnT

In Table 3, percentages of patients with ACEs defini-
tively are shown in separate category of cTnT level.
About 75% of patients with cTnT less than 0.1 ng/mL
were not suffered from ACEs definitely in total patients.
About 65% and 85% of patients with cTnT 0.1–2.0 ng/
mL and over 0.2 ng/mL were diagnosed ACEs, respect-
ively. In CKD1–2 patients, around 70% of patients were
diagnosed ACEs at relatively lower range of cTnT
0.03–0.1 ng/mL, whereas distribution of ACEs patients
changed around cTnT level 0.1 ng/mL in CKD3 patients.
Only 42% of patients were suffered from ACEs definitely
in CKD4–5 patients with cTnT 0.1–2.0 ng/mL. In CKD5D,
40–60% of ACEs patients were observed in all three cat-
egories of cTnT�0.03 ng/mL. Considering these find-
ings, it is suggested that higher cutoff value of cTnT for
ACEs would be found in more advanced stage of CKD.

Cutoff value of cTnT on CKD patients

Optimal cutoff values for cTnT associated with ACEs
were assessed by ROC curves in each CKD stage. Except
of TnT quantitative range 0.1–2.0 ng/mL, dummy
numerical values 0.029, 0.065, and 0.201 ng/mL were
used for categorical range<0.03 ng/mL, 0.03–<0.10 ng/
mL, and>2.0 ng/mL respectively. As shown in Table 4,
estimated cutoff value in CKD3 patients was 0.088 ng/
mL with sensitivity 59.3% and specificity 80.0%.
Interestingly, the cutoff values of CKD1–2, CKD4–5, and
CKD5D were 0.047, 0.18, and 0.27 respectively, which
are half, two times, and three times of CKD3 cutoff
value 0.088. The specificities of four cutoff values in
each CKD group were showing over 80%, which is
higher than sensitivity, respectively. Moreover, 75% or
more of negative predictive values (NPVs) were
observed in all CKD patients except of CKD1–2. These
results imply false negative findings that 10–25% of
CKD 3–5D patients had ACEs even though cTnT levels
were lower than the potential cutoff values of each CKD
groups.

Diagnostic accuracy of cTnT 0.1 ng/mL

Table 5 shows the diagnostic accuracy of cTnT 0.1 ng/
mL, which is known as the gold standard value for diag-
nosing ACEs. About 80% or more specificity and NPV
were observed in CKD3 and 4–5 patients. In CKD 5D
patients, all values of sensitivity, specificity, positive pre-
dictive value, and NPV were showing less than 70%.

Discussion

Main findings of this study

To date, no reference ranges of cTnT for ACEs in
advanced stage of CKD patients were found. This is
thought to be a reason why cTnT does not often use for
diagnosing ACEs in CKD patients, especially for advance
stage. We challenged to identify the reference range of
cTnT in four categorical stages of CKD patients, CKD1–2,
CKD3, CKD4–5, and CKD5D. The strengthen point of this

Table 2. Distribution of patients in categorical cTnT levels.
CKD1-2 CKD3 CKD4-5 CKD5D

Patients No. 201 52 78 38 33

cTnTa, ng/mL 0.29 ± 0.57 0.19 ± 0.40 0.25 ± 0.54 0.27 ± 0.58 0.55 ± 0.78 0.030
cTnT group <0.001

cTnT <0.03 ng/mL, % 49.3 59.6 60.3 36.8 21.2
cTnT 0.03-<0.1 ng/mL, % 20.9 13.5 15.4 36.8 27.3
cTnT 0.1-<2.0 ng/mL, % 23.4 26.9 19.2 18.4 33.3
cTnT >2.0 ng/mL, % 6.5 0 5.1 7.9 18.2

cTnT: cardiac toroponin T; CKD: chronic kidney disease.
aExcept of TnT quantitative range 0.1–2.0 ng/mL, dummy numerical values 0.029, 0.065, and 0.201 ng/mL were used for categorical
range<0.03 ng/mL, 0.03–0.10 ng/mL, and>2.0 ng/mL, respectively.

Table 3. Distribution of patients with ACEs in each categorical
part of cTnT.

Categorized cTnT (ng/mL)

ACEs <0.03 0.03-0.1 0.1-2.0 >2.0 p

Total (�) 74.7 73.8 36.2 15.4 <.001
(þ) 25.3 26.2 63.8 84.6

CKD1-2 (�) 64.5 28.6 21.4 .015
(þ) 35.5 71.4 78.6

CKD3 (�) 73.6 91.7 26.7 0 <.001
(þ) 23.4 8.3 73.3 100

CKD4-5 (�) 85.7 92.9 57.1 0 .003
(þ) 14.3 7.1 42.9 100

CKD5D (�) 85.7 55.6 54.5 33.3 .288
(þ) 14.3 44.4 45.5 66.7

cTnT: cardiac toroponin T; CKD: chronic kidney disease.
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study is to measure cTnT quickly by using small port-
able system. As many CKD patients, even in dialysis
patients, are taking care by physicians in small clinic
which is not performed quick inspection, it is important
clinical implication to evaluate the ability of quick meas-
urement of cTnT by potable system for management of
CKD patients in pre-hospital circumstance. Here, we
would like to propose cutoff values of CKD stages for
diagnosingACEs. Intriguingly, the cutoff values of
CKD1–2, CKD4–5, and CKD5D were 0.047, 0.18, and 0.27
respectively, which are about half, two times, and three
times of CKD3 cutoff value 0.088. Those cutoff values
were associated with relatively higher percentage of
specificity around 80% or more. These findings suggest
that quick measurement of cTnT by potable system is
useful for definitive diagnosis of ACEs in pre-hospital
care. However, we need to pay attention to the false
negative that 10–35% of CKD patients with below each
potential cutoff values had ACEs.

Semiquantitative way

As mentioned in method section, Roche Cobas h232
can provide cTnT levels quickly, but semiquantitatively
as four patterns, less than 0.03 ng/mL, 0.03–<0.1 ng/mL,
0.1–2.0 ng/mL (quantitative range), and>2.0 ng/mL.
This means that our proposed cutoff value cTnT
0.047 ng/mL and 0.088 ng/mL for CKD1–2 and CKD3 are
indicated as 0.03–<0.10 ng/mL, not showing numeric-
ally. As shown in Table 3, about 70% of CKD 1–2
patients with chest symptom had ACEs definitely, and
about 90% of CKD3 patients with chest symptom did
not have ACEs. Therefore, relatively rough judging way
could be needed for patients with CKD1–2 and CKD3. In

a similar way, it is better to know that all patients show-
ing category cTnT>2.0 ng/mL have suffered from ACEs
except of dialysis patients. We would like to emphasize
that it is essential to use first all clinical signs such as
symptoms, physical examinations, and other clinical
tests for making a diagnosis for ACEs even in any CKD
stage.

Cutoff value for ACEs

In this study, we proposed the cutoff values for ACEs in
patients with various category of CKD. In CKD1–2
patients, nearly normal renal function, the cutoff value
was 0.047 ng/mL, which is slightly higher than the level
of 99th percentile of a normal reference population,
0.03 ng/mL of not high-sensitive cTnT. This is in line
with the definition of the diagnosis for myocardial
injury in international guideline for myocardial
infarction.6

In CKD3 patients, moderately impaired renal func-
tion, the cutoff value was increased up to 0.088 ng/mL.
It is well-known that cTnT level is negatively associated
with renal function.13 Guclu et.al. also recently showed
that high sensitive cTnT increases with decreasing eGFR
values in outpatients without any chest symptoms. In
their study, median cTnT level was 12.8 ng/L in CKD3
patients, which was almost two times higher in those of
CKD1–2 patients.14 This association is similar to our
finding that the cutoff value in CKD3 was almost double
of the cutoff value in CKD1–2. Moreover our proposed
cutoff value 0.088 ng/mL in CKD3 patients would be
supported by an evidence that cTnT 0.075 ng/mL is a
potential candidate value for diagnosing significant cor-
onary narrowing disease with sensitivity of 51% and
specificity of 89% in CKD3 patients.15

To our knowledge, there are few reports to examine
the usefulness of cTnT for diagnosis of ACEs in CKD4–5
patients. In our study, 0.180 ng/mL was the best cutoff
value for ACEs in CKD4–5 patients. Same as in CKD3
patients, it is reported that even patients without chest
symptom and ACEs, high sensitive cTnT level was
29.0 ng/L in patients with eGFR 16ml/min/1.73m2,
which is near four times higher than cTnT level 7.3 ng/L
in CKD1 patients. Same association was also found the
cutoff values in our study between CKD1–2 and

Table 4. Cutoff value of cTnT for ACE in CKD patient groups.
Cutoff value (ng/mL) AUC 95% CI p Sensitivity (%) Specificity (%) PPV (%) NPV (%)

CKD 1-2 0.047 0.688 0.540–0.837 .02 59.3 80.0 76.2 64.5
CKD 3 0.088 0.713 0.580–0.846 .002 55.6 92.2 78.9 79.7
CKD 4-5 0.18 0.768 0.548–0.989 .016 66.7 89.7 66.7 89.7
CKD 5D 0.27 0.712 0.531–0.893 .04 64.3 78.9 69.2 75.0

CKD: chronic kidney disease; AUC: area under the curve; CI: confidential interval; PPV: positive predictive value; NPV: negative predictive value.

Table 5. Diagnostic value of cTnT 0.1 ng/mL for ACE in CKD
patient groups.

Cutoff value,
(ng/mL)

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

CKD 1-2 0.1 40.7 88.0 78.6 57.9
CKD 3 0.1 55.6 92.2 78.9 79.7
CKD 4-5 0.1 66.7 86.2 60.0 89.3
CKD 5D 0.1 64.3 57.9 52.9 68.8

CKD: chronic kidney disease; PPV: positive predictive value; NPV: negative
predictive value.
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CKD4–5. Sittichanbuncha et.al. demonstrated that cTnT
0.200 ng/mL is useful value for diagnosing significant
coronary narrowing disease with sensitivity 46% and
specificity 94% in CKD4–5 patients.15 This result may
support our findings.

Extremely high cutoff value of cTnT 0.280 ng/mL for
ACEs was observed in CKD5D patients in our study. This
may be anticipated fully because it is reported that
53–59% of ESKD patients had a cTnT above the 10%
coefficient of variation cutoff value.16 Moreover, about
30% of stable HD patients without chest symptoms
showed a cTnT level over 0.1 ng/mL.10 A retrospective
study from Korea revealed that 0.35 ng/mL is useful for
identifying the ESKD patients with ACEs.17 We interpret
these results to indicate that around 0.3 ng/mL of cTnT
may be a best cutoff value for diagnosing ACEs in ESKD
patients.

The specificities of four cutoff values in each CKD
group in this study were showing over 80%, which is
higher than sensitivity, respectively. This means that
cTnT assessment by this technique could be used to
make a definitive diagnosis rather than an exclusive
diagnosis. This tendency is supported by a recent evi-
dence that point of care testing for cTnT is useful for
diagnosing myocardial infarction with specificity 92%,
which is higher than 68% of sensitivity in patients with
almost normal renal function.18 Finally, our proposed
cutoff levels of cTnT for CKD patients were analyzed
using dummy numerical values. Therefore, further study
is needed to examine precise cutoff value in each CKD
stages.

The present study had an important limitation in
that the small number of patients involved could
reduce the study power. Semiquantitative cTnT meas-
urement was performed in this study. Therefore,
dummy numerical values were used for identifying the
cutoff value of cTnT in each CKD stage.

In conclusion, even in CKD patients, semiquantitative,
point of care assessment of cTnT could be a useful tool
for screening for ACEs. This easy way would help non-
cardiologists in small clinic for the management of CKD
with chest symptoms.
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