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Assessment of a point-of-care assay for cardiac biomarkers of patients
suspected of acute myocardial infarction
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Abstract

Purpose: Hospitals and outpatient clinics are now using
point-of-care testing (POCT) devices that contract for the
use of diagnostic analyses at the site of patient care
delivery, so, facilitating earlier decision-making besides
proper treatment. In our study, the aim was to assess the
quantitative Nano-Ditech (Cranbury, NJ, USA), CK-MB,
cTnlandmyoglobin POC assays and to compare them with
the Getein 1100 (Nanjing, China) CK-MB, cTnl and
myoglobin POC assays.

Materials and Methods: Lithium heparin plasma
samples (Terumo Europe N.V. Leuven, Belgium,) for
Getein 1100 and Nano-Ditech cardiac marker samples
were randomly collected from among routine samples
from 100 patients (53 male and 47 female) with chest pain
complaint who admitted to BilecikGolpazart Government
Hospital between August-September 2017 and all analyses
were performed using the Nano-Ditechanalyzer and
comparative analyses were performedby the Getein 1100)
assays.

Results: In our study, the correlation between the two
devices was found to be r = 0.023 and p=0.017 for
troponin, r = 0.130 and p=<0.001 for CK-MB and there
is no correlation for myoglobin.

Conclusion: According to evaluation of both devices’
analytical performances, it was found that the comparison
of the all values of troponin, CK-MB and myoglobin,
which are important for the diagnosis and exclusion of
acute myocardial infarction(AMI), is discordant with the
method comparison protocol proposed by the Clinical and
Laboratory Standards Institute (CLSI) (EP-9).

Key words: Acute myocardial infarction; point-of-care
testing, cardiac markers

Oz

Amag: Hastaneler ve poliklinikler artik hasta bakimi
sunumunda tanisal analizlerin kullanilmasina izin veren
hasta bagt test (POCT) cihazlart kullanmaktadirlar.
Calismamizda kantitatif Nano-Ditech (Cranbury, NJ,
USA) CK-MB, cTnl ve miyoglobin POC testlerinin
degerlendirilmesi ve Getein 1100 (Nanjing, Cin) CK-MB,
cTnl ve miyoglobin POC testlerinin analitik performans
karsilastirilmast amaclanmustir.

Gereg¢ ve Yontem: Bilecik Golpazar flge Devlet
Hastanesi'ne gogiis agrist sikayeti ile Agustos-Eylil 2017
tarihleri arasinda bagvuran 100 hastadan (53 erkekve 47
kadin), Getein 1100 ve Nano-Ditech kardiyak cihazlari igin
lityum heparinli plazma Srnekleri (Terumo Europe NV
Leuven, Belcika) rastgele olarak alind.

Bulgular: Bizim c¢alismamuzda, iki cihaz arasindaki
korelasyon, troponin igin r = 0.023 ve p = 0.017, CK-MB
icin r = 0.130 ve p = 0.001 olarak bulunmustur ve
miyoglobin i¢in iki cihaz arasinda herhangi bir korelasyon
bulunmamugtir.

Sonug: Tki cihazin analitik performanst
degerlendirildiginde, Akut Miyokard Enfarktisi’niin
teshisi, tant ve dislanmast icin 6nemli olan troponin, CK-
MB ve miyoglobinin mutlak degerlerinin
karsilagtirilmasinin - Klinik ve ILaboratuvar Standartlart
Enstitisi  (CLSI)'nin  6nerdigi  yontem kargilagtirma
protokolii ile uyumsuz oldugunu bulduk (EP-9).

Anahtar kelimeler: Akut miyokard enfarktiisii, hasta bast
test ,kardiyak belirtecler.
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INTRODUCTION

Clinical guidelines published by the laboratory!,
emergency medicine? and  cardiology?  have
demonstratedthe importantrole of cardiac markers,
especiallycardiac troponin, in the diagnosis and
ruleout of acute myocardial infarction (AMI).By
means ofconcluded in a consensuspaperof the
European Society of Cardiology (ESC) and the
American  College of Cardiology (ACC), the
standards for the diagnosis of acute myocardial
infarction (AMI) have been lately redefined*. At
least two of the three nextfeatures must be met to
appropriately diagnose an AMI: (a) characteristic
symptoms; (b) specific rise-and-fall form of a cardiac
panel sign (myoglobin, creatine kinase-MB
isoenzyme [CK-MB], cardiac troponin I [cTnl]); (c) a
typical electrocardiogram pattern concerning the
change of Q waves. If the characteristicsigns are
observed, electrocardiographic testing is extremely
specific for AMIL. But, even in these cases, initial
studies demonstrate only about 50% sensitivity for
AMIC. These restrictionsregularly result in the
common of patients acknowledged to the hospital
undergoing biochemical testing for cardiacmarkers to
check or rule out AMI. So, cardiacmarker testing has
become very essential in the evaluation of patients for
the diagnosis and screening of AMI and heart failure,
for example, the prognosis of cardiovascular diseases

(CVD)78,

Cardiac markers are regulatly used not only in central
laboratories but also in emergency departments and
outpatient clinics to provide fast diagnostic reports.
Myoglobin is an eatly indicator in the diagnosis of
AMI that can be detected 1-2 hours after indication
onset and remains high for up to 24 hours. However,
myoglobin has important limitations, including low
specificity for AMI?, and therefore it is frequently
used in combination with CK-MBor ¢Tnl. CK-MB is
an 86 kDa cytosolic enzyme that is mainlysituated in
the myocardium and is released into the circulation in
the setting of AMI. Typically, CK-MB becomes
raised up in the circulation 3—6 hours after symptom
onset in AMI and remains elevated for 24-36 hours.
The specificity of CK-MB for diagnosing AMI is
restricted by the fact that it may be raised as a result
of acute or chronic muscle damage or during the
clearance of abnormalities in renal failure and
hypothyroidism!®. Even so, CK-MB is one of the
cardiac biomarkers often used in the diagnosis of
AMI. The N-terminal amino acid sequence of ¢Tnl
has specific residues that are not current in the two
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iso-types of c¢Tnl in skeletalmuscle; so, antibodies
against these specific residues are used for
immunoassays in the assessment of AMI patients'.
The concentration of ¢TInl in the blood becomes
raised between 4 and 8 hours following an AMI,
peaks between 12 and 16 hours, and leftoversraised
for 5 and 9 days next damage to the myocardium!?.
The methodical specificity and the enlarged duration
of the advancement make c¢Tnl asignificantindicator
in the diagnosis and assessment of patients suspected
of having an AMI'> Combined measurements of
myoglobin, CK-MB, and ¢Tnl have been proposed
to criticallysupportdoctors in the diagnosis and
administration of AMI patients!4 13,

Hospitals and outpatient clinics are now applying
point-of-care testing (POCT) devices that let for the
use of diagnostic analyses at the site of patient care
delivery, so, facilitating quicker decision-making
besidesfast treatment. The emergence of quantitative
point-of-care (POC) assays offer an attractive
alternative because of the potential for bedside
analysis, obviating the need to deliver the sample to
the lab, shorter assay times and the use of whole
blood, thereby eliminating the time necessary for full
clot retraction, and the centrifugation step!®!’. The
(POC) cardiac marker assays have a large dynamic
range, which reduces the need for additional sample
dilution. The manufacturer has not found any hook
effect for cTnl, myoglobin, or CK-MB up to 2000
mg/ L, 20 000 mg/L. and 4000 mg/L, respectively.
Rapid testing for troponins has been demonstratedto
be of notable prognostic value 8. Many of the recent
bedside tests pose limitations for cardiac marker
determinations: qualitative rapid testing for cardiac
markers remains subject to reading errors, with
substantial inter-observer variability. Besides these
advantages, we have to consider that the expense of
these tests. In our study, the aim was to assess the
quantitative Nano-Ditech cardiac marker assays and
to compare them with the Getein 1100 cardiac
marker assays. Nano-Ditech cardiac troponin I
(cTnl), Nano-Ditech Myoglobin (Myo) and Nano-
Ditech creatine kinase MB (CK-MB are in routine for
patients admitted into our hospital with suspected
acute myocardial infarction.

MATERIALS AND METHODS

Methods

All analyses were performed using the Nano-Ditech
analyzer (Cranbury, NJ, USA), and comparative
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analyses were undertaken with the Getein
1100(Nanjing, China) assays.
The Nano-Check AMI 3 IN Test is an

immunochromatography assay for the quantitative
determination of three biochemical markers (cTnl,
CK-MB and Myoglobin) simultaneously in human
whole blood, serum and plasma specimens at the cut
off concentrations of 0.5ng/ml, 5.0ng/ml, and
80ng/ml respectively. The membrane strip encloses
three test lines and one control line, printed with
specific antibodies or receptor against each target
molecules, monoclonal mouse antibody against CK-
MB, monoclonal mouse antibody against Myoglobin,
streptavidin for biotinylatedcTnl, and rabbit anti-
goat antibody for control line. A dye pad is placed at
the end of the membrane containing
biotinylatedcTnl antibody and gold colloidal particles
coupled with CK-MM, cTnl and Myoglobin
antibodies. When a sample is applied, into the sample
well, the cardiac makers present in the sample bind to
the specific antibodies coupled with gold particles on
the dried dye pad. ¢Tnl in a sample binds to both
cTnl specific dye coupled antibody and biotinylated
antibody. These main immune complexes move
along the nitrocellulose membrane through the test
lines and bind to their corresponding capture
antibodies or receptor molecules immobilized on the
test line. Free immune complexes pass through the
test line and are captured by goat anti-mouse
antibody in the control line.

If the concentration of any of these three indicators
in the sample is overhead the cut off level, red bands
seem at the corresponding test lines and the control
line. If the concentration of the markers in the sample
is lower than the cut off level, only the colored
control line can be seen in the test window. This
colored control band need continuously appear at the
control line position (Con) for valid test results. A test
result is not valid if the colored control line does not
seem in the test window.

The Getein1100 Immunofluorescence Quantitative
Analyseris an immunofluorescence assay for the
quantitative determination of three biochemical
indicators  (cTnl, CK-MB and Myoglobin)
simultaneously in human whole blood, serum and
plasma specimens in point-of-care and laboratory
settings. The principle of test uses the fluorescent

conjugated CK-MB /cTnl/Myo monoclonal
antibodies to detect any CK-MB/cTnl/Myo
appeared in blood samples. The fluorescence
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intensity of each test line increases proportionally to
the amount of CK-MB/cTnl/Myo in a sample.

Then test card is inserted into Getein
1100.Getein1100. The concentration of CK-
MB/cTnl/Myo in a sample will be determined and
showed on the screen.

Collection of Biological Samples

Lithium hepatin plasma samples (Terumo Europe
N.V. Leuven, Belgium,) for Getein 1100 and Nano-
Ditech cardiac marker determinations were randomly
collectedfromamong routine samples from 100
patients (53 male and 47 female) with chest pain who
Government Hospital between 22.08.2017and
03.09.2017 dates. The lithium heparin tubes were
centrifuged at 2000 g for 10 min. The supernatant
plasma analyzed immediately on both two devices
and the results were recorded after the analysis. All
participants were given an informed consent for this
study after the approval of study by the local ethics
committee.

Statistical analysis

The statistical analyses were performed with the SPSS
23.0 for Windows (SPSS Inc, USA) package program.
Descriptive  statistics; mean, standard deviation,
minimum, maximum, median, categorical variables
for numerical variables were given as numbers and
percentages. CK-MB/cTnl/Myo values obtained
from Getein 1100 and Nano-Ditech systems for
statistical analysis were recorded as the mean *
standard deviation. Student t-test was used when the
comparison of numerical variables was Gaussian
distributioncondition in two independent groups,
Mann Whitney U test was used when the
Gaussiandistribution condition was not
provided.Relationships between numerical variables
were  analyzed by  Spearman  Correlation
Analysis.Differences in numerical vatiables in the
dependent group (when comparing the results of two
different devices of each patient) were analyzed by
the  Wilcoxon test since the  Gaussian
distributioncondition was not met. The statistical
agreement between the results was obtained by the
two-way random in-class correlation coefficient and
the concordance correlation coefficient. The
compatibility and bias status of the devices was
examined by the Youden and Bland Altman graphs.
The Statistical significance level of alpha was
accepted as p <0.05.
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RESULTS

The results of the Nano-Check AMI 3 IN test are
determined visually and interpreted commercially
defined to the programmedcut off values of 0.5
ng/ml for cTnl, 5ng/ml for CK-MB and 80 ng/ml
for Myoglobin. The cut off levels were determined by
comparison to the immunofluorescence assay system
of Getein 1100.There was no statistically significant
difference in the mean values of troponin, CK-MB,
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Myoglobin in male and female gender (p>0.05)
(Table 1).

Spearman's correlation coefficient, class cortelation
coefficient  (two-way randomness), correlation
coefficient and bias for Troponin, CK-MB and
Myoglobin values measured with Nano-Ditech and
Getein 1100 systems are presented in Table 2.
Correlation, Bland-Altman and Youden plots are
given in Figure 1.
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Table 1. Participiants by gender, troponin, myoglobin and CK-MB levels

Total(n:100) Male(n:53) Female(n:47)
MeantSD Min-Max MeantSD | Median | Mean®tSD | Median p
Troponin(ng/ml)
Nano-DI-Tech 0.16£0.08 0.10-0.39 0.15£0.05 0.15 0.18+0.11 0.14 0.490
GETEIN 1100 0.01£0.03 0.01-0.16 0,02£0.03 0.01 0.01£0.00 0.01 0.099
CK-MB(ng/ml)
Nano-DI-Tech 3.9942.50 2.00-10.11 4.08+2.81 2 3.90+2.12 3 0.650
GETEIN 1100 2.80£0.76 2.50-5.67 2.90£0.95 2,5 2,68+0,42 2.5 0.515
Myoglobin
(ng/m)_
Nano-DI-Tech 20.000.00 20.00-20.00 20,00£0.00 20 20.000.00 20 1,000
GETEIN 1100 36.53+13.86 30.00-84.20 39.79+17.41 30 32.86%6.70 30 0.094
(mean * standatd deviation (SD) and reference intervals are presented on the table.
Table 2. Comparison of Troponin, CK-MB and Myoglobin values in both devices.
Troponin(ng/ml) CK-MB(ng/ml) Myoglobin(ng/ml)
Nano-Ditech& Nano-Ditech& Nano-Ditech&
GETEIN 1100 GETEIN 1100 GETEIN 1100
Wilcoxon 2:-8.723p<0.001 2:-2.597p=0.009 2:-9.194 p<0.001
Signed Ranks Test
Spearman's rho: 0.239p=0.017 rho:0.351p<0.001 -
Intraclass Correlation 0.023 0.131 0.000
Coefficient (%95 CI -0.037-0.101) (%95 CI 0.040-0.302) (%95 CI 0.073-0.092)
Concordance Correlation 0.023 0.130 -
Coefficient (%95 0.005 — 0.051) (%95 CI 0.041-0.217)
Bias 0.145 -0.197 -16.534
(%95 CI 0.133-0.166 (%95 CI 0.721-1.671) (%95 CI -19.284-13.784)
Min:-0.012 Max:0.312 Min:-3.498 Max:5.891 Min:-43.701 Max:10.633
DISCUSSION determining AMI'.A number of groups of acute

The testing of cardiac markers is important for the
determination of AMIsince ECG testing only is not
permanently available and has a low accuracy in

coronary syndrome patients with variable clinical
requests are goals for the implementation of point-
of-care testing of markers of myocardial injury,
including patients with acute MI (ST-segment
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elevation and depression, Q-wave and non-Q-wave
or non-ST-segment elevation) and patients with non-
cardiac chest pain®.

The National Academy of Clinical Biochemistry
(NACB)! and the IFCC?! issued commendations for
the use of cardiac markers in coronary artery disease
in 1999. According to these commendations,
institutions that cannot constantly deliver cardiac
marker target turnaround times on hour should
implement  point-of-care  devices.Two  cardiac
markers shouldbeused for routine diagnosis of AMI:
an initial marker (a reliable increase in blood within 6
h after the onset of symptoms, such as myoglobin)
and an absolute indicator (an increase in blood after
6 — 9 h, with sensitivity and specificity for myocardial
injury and long-term irregularity for numerous days
after the onset of symptoms, such as cardiac troponin
I or T and CK-MB mass). CK-MB mass can also be
considered a re-infarction marker, which returns to
the baseline concentration reasonably eatly.

The correlation between the two devices was found
to be r = 0.023 and p=0.017for troponin, r = 0.130
and p<0.001 for CK-MB and there is no correlation
for myoglobin. It is suggested that the cotrelation
coefficient according to the CLSI's method
compliance protocol (EP-9)?? is not sufficient, alone,
but should be higher than 0.97?3. According to this
study’s results, the proposed correlation was not
found. When these values are evaluated according to
the confidence intervals, it was found that the two
devices are incompatible for troponin, CK-MB and
myoglobin ~ measurements  and  there  is
animportantdifference among the two devices in
terms of troponin, CK-MB and myoglobin values

When the compatibility between two devices is
evaluated, the intra-class correlation coefficient (ICC)
is taken as the basis. When evaluating, it was
interpreted that in some publications, the coefficient
of correlation intra-class was over 0.90 and the fit was
very good? and that some of them atre between 0.90-
0.95 as moderate compliance?.

In our study, the ICC values for troponin and CK-
MB were found to be as 0.023 and 0.130,
respectivelyand there is no correlation for myoglobin.
In addition, it is clearly clarified that the troponin,
CK-MB and myoglobin values are incompatible
between the two devices.

Moreover, there were incompatible cTnl results in
the comparative study between Nano-Ditech and
Getein1100 such asin (Figures1A, 1C,1E). The
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differences in these consequences can be described
by the use of different antibodies in the assays and
probably by the fact that, depending on the situations
(time after the onset of MI, size of the infarction zone
and rate of perfusion) or by heterophilic antibodies.
Commercial assays differ in their capacity to detect
cTnl. The different distributions of cTnl forms in the
early vs. late phase of myocardial infarction might
explain the differences. Besides, occurring as free
cTnl and binary complexes with Tnl and TnT (IC or
ICT), ¢Tnl could occur in phosphorylated, oxidized
andproteolyticallyruined forms?S; similatly,
comprehend a review in?’. All these forms might have
different  recognition  forms in  different
immunoassays.

In separate studies, P. Hedberg and his friends have
found InnotracAio which is a Poct device, is
particularly suitable for use in emergency rooms,
coronary care units, satellite laboratories and central
laboratories and have good correlation with
automated immunoassay systems (The coefficients
were =0.970 for all the cardiac markers) (17). Alan
H.B. Wu et al. showed that the RAMP (Response
Biomedical) CK-MB and c¢Tnl POC assays and
compared results against the Triage (Biosite) POC
and the Dimension RxL. (Dade Behring) meets most
of the quality specifications established by the IFCC
C-SMCD and good correlation with each other
(correlation coefficient was >0.95)28. These studies
showed good correlation with automated
immunoassay systems and POCT assays. We
compared both two POCT assays and we couldn’t
find good correlation each device.

a

One more problem with the commercial assays is the
lack of international standardization?. ‘This
reasonleads to wide variations in reported cTnl
concentrations. False-positive AxSYM auto analyzer
cTnl due to the presence of theumatoidfactors has
also been demonstrated . In the Bland-Altman
graphs, it is mentionedthat the values are farther away
from the mean line for the troponin values after
0.1ng/ml, the CK-MB values after 4 ng/ml and
myoglobin values after 40 ng/ml and the scatterings
are<95% confidence interval (Figures 1A, 1C,1E).

As a limitation, it was determined whether there is an
equimolar response for the antibodies used when
tested against different forms (i.e., free, binary and
ternary complexes) of cardiac troponin.v Another
limitation was that this study was conducted due to
the change of laboratory personnel from different
shifts. The determined of the assay is to be used at
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bedsideor satellite laboratory by caregivers. It is
probable that the performance might be reduced
when testing is done by the clinical staff, e.g.,
imprecision in the dilution step. And finally, lack of
comparison with automated immunoassay systems
was a limitation for this study.

As a conclusion we found that the comparison of
absolute values of troponin, CK-MB and myoglobin
an important for the diagnosis of AMI, between these
two devices, was incompatible with CLS's method
comparison  protocol  (EP-9).  Thereforewe
recommend that the method should be compared
with other existing protocols and well-known devices
without being bound to single protocols and devices.
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