
July 2000, Vol. 29 No. 4

421Cardiac Marker Point-of-care Testing—L F Hsu et al

Cardiac Marker Point-of-care Testing: Evaluation of Rapid On-site Biochemical
Marker Analysis for Diagnosis of Acute Myocardial Infarction
L F Hsu,*MBBS, MRCP (UK), T H Koh,**MBBS, M Med (Int Med), Y L Lim,***FAMS, FRACP, FACC

Abstract
Introduction: Up to 40% of patients with acute myocardial infarction (AMI) present with non-diagnostic electrocardiograms (ECGs). The

diagnosis in such cases is usually made with the aid of biochemical markers. Newer and more rapid assays for such markers have now
enabled testing to be done on-site instead of in the laboratory. This potentially enables the clinician to rapidly diagnose and triage patients.
We evaluated the diagnostic precision of this point-of-care testing strategy using one such analyser, the Stratus CS (Dade Behring) in a
prospective study. Materials and Methods: The study population consisted of 51 consecutive patients admitted for suspected AMI with non-
diagnostic ECGs. Two blood samples from each patient were drawn simultaneously on admission. The first sample was assayed for
myoglobin, troponin I (TnI) and creatine kinase-MB (CKMB) mass by the point-of-care instrument (Stratus CS), and the second sample
was sent for standard testing for AMI, comprising a troponin-T (TnT) qualitative test and the analysis of CKMB by the hospital laboratory.
Utilising the recommended cut-off values for the individual assays, the results of these 2 sets of tests were evaluated based on whether they
were positive or negative for AMI and compared against the patient’s final diagnosis at discharge. Various combinations of markers were
assessed. Results: On evaluation of individual markers, myoglobin was the most sensitive (75%) at 0 to 6 hours after onset of symptoms,
while TnI (95%), TnT (80%) and CKMB-mass (90%) performed better at 7 to 12 hours. Point-of-care testing utilising a combination of
markers was highly sensitive and specific. Both dual-marker panels of myoglobin with TnI and myoglobin with CKMB-mass yielded
equivalent overall sensitivities and specificities of 90% and 95% respectively. A triple-marker panel of myoglobin, TnI and CKMB-mass had
a sensitivity of 93% and specificity of 95%. All point-of-care testing panels had good positive and negative predictive values, and showed
comparable diagnostic efficacy with the standard testing presently utilised for the diagnosis of AMI. The average time for results to become
available was up to 26 minutes for point-of-care testing and 65 minutes for standard testing. Conclusion: Point-of-care testing utilising a
panel of 2 or 3 cardiac markers has comparable diagnostic precision to the presently utilised testing strategy for AMI, with earlier availability
of results.
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Introduction

In the present era of revascularisation therapy, rapid and
accurate diagnosis of acute myocardial infarction (AMI) is
important, as these patients may benefit from early
intervention in the form of primary angioplasty, fibrinolysis
or anti-thrombotic therapy. The most widely accepted
criteria for diagnosis of AMI, laid down by WHO, require
the presence of 2 out of 3 elements, namely typical symp-
toms of chest pain, unequivocal electrocardiographic
changes and increased cardiac enzyme activity in blood.1

The electrocardiogram (ECG) is generally considered the
most useful tool for diagnosis and therapeutic decision-
making, especially pertaining to early intervention

strategies.2,3 However, up to 40% of patients with AMI may
present with non-diagnostic ECGs,4-6 posing a dilemma for
the attending clinician.

Because of the limitations of using clinical features and
traditional ECG testing in the early diagnosis of AMI,
intense interest has been focused on the role of biochemical
markers. The marker most frequently used for AMI
diagnosis is creatine kinase-MB (CKMB). However, newer
assays for other cardiac markers, such as myoglobin and
cardiac troponins I and T (TnI and TnT) have shown much
promise and are now considered potential adjuncts or, as in
the case of the troponins, even alternatives,7 though they
have yet to be incorporated into any diagnostic criteria.
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Myoglobin, CKMB and the cardiac troponins are
released after an AMI and can be detected in the patient’s
blood relatively early. Until recently, their usefulness was
handicapped by the need for time-consuming laboratory-
based assays. However, new rapid analysers capable
of measuring these markers individually or collectively as
a panel have become available. They can usually give a
quantitative result in 10 to 20 minutes and are compact
enough to be placed in the Coronary Care Unit or Emergency
Department and used by clinical staff. Such point-of-care
testing has received much attention as it has the potential to
offer the clinician valuable assistance in making real-time
clinical decisions that can affect patient care.

We used one such instrument, the Stratus CS (Dade
Behring), in a prospective study to evaluate the potential of
rapid point-of-care analysis of myoglobin, TnI and CKMB-
mass in the identification of AMI for patients with non-
diagnostic presenting ECGs.

Materials and Methods

Patients
We prospectively studied 51 consecutive patients

admitted to the Department of Cardiology, National Heart
Centre with suspected AMI but non-diagnostic ECGs over
a 1-month period. Patients included in the study had typical
chest pain at rest, with the onset less than 24 hours before
presentation. This time limit was selected as the early
institution of new anti-thrombotic therapies, such as
glycoprotein IIb/IIIa inhibitors, has recently been shown to
be beneficial.2,3 The ECG changes included ST segment
depression, ST elevation <1 mm, and left bundle branch
block. We excluded patients with clear ECG changes of
AMI, those who had received intramuscular injections less
than a week before, or those with muscle disease or renal
failure receiving dialysis.

For each patient, the time of onset of chest pain, ECG
changes and results of cardiac marker assays were recorded.
The diagnosis of AMI was made by clinicians responsible
for the patient based on the history, serial ECG changes and
rising and falling pattern of serial laboratory CKMB-mass
measurements according to the WHO guidelines. The
results of the assays for myoglobin, TnI and CKMB-mass
performed by the Stratus CS were not available to the
attending clinicians.

Sample Collection
Two samples of blood were collected simultaneously

from each patient at admission. The first sample in an
evacuated lithium-heparin tube was assayed immediately
for myoglobin, TnI and CKMB-mass by the point-of-care
instrument (Stratus CS). The second sample was sent for
standard testing for AMI, comprising a TnT qualitative test
and the analysis of CKMB by the hospital laboratory.

Assays
Myoglobin, TnI and CKMB-mass were analysed using

the Stratus CS in the Coronary Care Unit. This was a
fluorometric, whole-blood analyser with an incorporated
centrifuge designed to function as a point-of-care device.
The recommended cut-off values for diagnosis of AMI for
the 3 assays were 82 ng/mL, 1.5 ng/mL and 5.0 ug/L
respectively, as recommended by the manufacturer. The
other sample for CKMB-mass was measured immuno-
chemically by the hospital laboratory using an Axsym
analyser (Abbott Diagnostics), with a recommended AMI
cut-off value of 5.0 ug/L. Qualitative testing for TnT was
performed using a bedside diagnostic kit (Trop T, Roche).
For this test, a small aliquot of the patient’s blood was
placed in the specimen well and the subsequent appearance
of a red line in the read zone of the device signified a
positive result.

Data Analysis

Utilising the recommended AMI cut-off values for the
individual assays, the results of the individual and combined
tests were evaluated based on whether they were positive
or negative for AMI and compared against the patient’s
final diagnosis at discharge. The clinical sensitivity,
specificity, positive and negative predictive values for the
different tests were calculated using standard statistical
formulae. Confidence intervals were stated where
applicable. The Student’s t-test was used for comparison of
means between groups while the Chi-square test, with
Fisher’s correction where necessary, was used for
categorical data. A P value of ≤0.05 was considered
statistically significant.

Results

Study Population

The patient characteristics are summarised in Table I. Of
the 51 patients, AMI was confirmed in 29 patients. ST
segment elevation or Q-wave myocardial infarction
developed in 3 patients (10%) while the rest were diagnosed
with non-Q wave myocardial infarction. One patient
underwent primary coronary angioplasty while
thrombolytic therapy was administered to another. The
third patient declined intervention or thrombolytic therapy.
One patient in whom AMI was eventually excluded
underwent primary angioplasty as his history was highly
suggestive of AMI, and his ECG showed a left bundle-
branch block.

Myoglobin

The mean myoglobin level for patients with AMI was
significantly higher than for those in whom AMI was
excluded (249 ng/mL vs 40 ng/mL, P <0.001). With the
manufacturer’s recommended cut-off level of 82 ng/mL,
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the overall sensitivity for diagnosis of AMI was 69%,
specificity was 91%, positive and negative predictive
values 91% and 69%, respectively. Myoglobin was the
most sensitive cardiac marker up to 6 hours after the onset
of chest pain, with a sensitivity of 75% and negative
predictive value of 71%. It, however, fared poorly against
the other markers at 7 to 12 hours (Table II).

Troponins I and T

The mean TnI level for patients with AMI was
significantly higher than for those without (7.06 ng/mL vs
0.20 ng/mL, P <0.001). The qualitative TnT test was also
significantly different between the 2 groups (P = 0.013).
Both troponin assays had poor sensitivity during the first 6
hours after onset of chest pain, but at 7 to 12 hours, TnI was
highly sensitive and specific (95% and 100%, respectively)
with a negative predictive value of 93% (Table II). TnT
appeared to have lower sensitivity (80%), but this difference
was not statistically significant (P = 0.342 by χ2 analysis).
The difference in overall sensitivity between the 2 tests was
also not statistically significant (P = 0.564 by χ2 analysis).

CKMB-Mass

The CKMB-mass measured by both the Stratus CS and
laboratory was significantly elevated in patients with AMI
compared to those without (Table I). CKMB-mass was
more sensitive than the troponins during the first 6 hours
after onset of chest pain but less so than myoglobin. At 7 to
12 hours, both CKMB-mass assays were highly sensitive

and specific. Their overall performances as shown in Table
II were also similar.

Point-of-Care Testing versus Standard Testing for AMI

For this part of the study, point-of-care testing using the
Stratus CS was compared with standard hospital testing for
AMI. Three different combinations of cardiac markers
were assessed for point-of-care testing. The first testing
panel consisted of all 3 markers, while the other 2 panels
evaluated 2 dual-marker combinations, pairing myoglobin
with TnI or CKMB-mass. A positive result for the triple-
marker panel required 2 out of the 3 markers tested to be
abnormal while the dual-marker panels required 1 out of
the 2 to be abnormal. Standard testing required either a
positive CKMB-mass or qualitative TnT result, as per
current clinical practice.

The average time taken for the point-of-care results to
become available was 26 minutes for the triple-marker
panel and 19 minutes for the dual-marker panel as measured
immediately after sample collection. By contrast, the
average time taken by standard testing was 65 minutes.
Using the results of standard hospital testing as the reference,
point-of-care testing overall and during the various time-
windows showed comparable diagnostic efficacy (Table
III). The performance of the various combinations of
markers was also comparable to the standard hospital
testing strategy. Though there appeared to be somewhat
better sensitivity with the triple-marker combination during

TABLE I: PATIENT CHARACTERISTICS

Characteristic AMI No AMI P value*

Number 29 22
Age (years) - mean 66 64 P = ns

- range 45–89 39–82

Males 18 15

Time from pain onset (h) - mean 8 8 P = ns
- range 2–16 1–24

ECG - ST elevation 4 6
- ST depression 22 11
- LBBB 3 3
- Normal 0 2

Myoglobin (ng/mL) - mean 249 40 P <0.001
- range 26–900 10–283

Troponin I (ng/mL) - mean 7.06 0.20 P <0.001
- range 0.12–31.68 0.01–1.30

CKMB – Stratus CS (ug/L) - mean 21.6 1.8 P <0.001
- range 1.4–87.0 0.2–15.0

CKMB – Laboratory (ug/L) - mean 26.2 2.5 P <0.001
- range 2.0–114.0 0.5–6.9

AMI: acute myocardial infarction; CKMB: creatine kinase-MB; ECG: electrocardiogram; LBBB:left bundle branch block;
ns: not significant. * Student’s t-test used for comparison of means between both groups
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the first 6 hours after onset of chest pain (88% vs 63%),
this was not statistically significant (P = 0.569 by χ2

analysis).

Discussion

Newer biochemical markers of AMI are becoming
increasingly available. Many have comparable, and some
even better diagnostic precision than CKMB, long
considered the gold standard. The recent development of
rapid immuno-assays has made point-of-care testing a
reality, and results can now be available within minutes
instead of hours. This would enable biochemical markers
to serve as an aid to patient management rather than to
merely establish a diagnosis of AMI after management
decisions have been made.

The choice of a marker or combination of markers is
important. The various markers differ in size, tissue
abundance, sensitivity and specificity, as well as time until
elevation, peak and return to normal.8 Myoglobin, the

smallest of the cardiac markers, is released more rapidly
from necrotic myocardium than other markers. Its serum
levels become abnormal within 2 to 3 hours after AMI,
reaching a peak at about 6 to 10 hours.8,9 Hence, its
sensitivity in the first few hours after AMI exceeds that of
all the other markers, ranging from 50% to 100% in several
studies.10 It also has fairly high specificity (77% to 95%)
and predictive accuracy, if patients with trauma and renal
failure are excluded.11,12 This is well corroborated by our
study (Table II). Its sensitivity after the initial few hours is
much less due to its rapid kinetics, and it returns to normal
levels after 24 hours.8

The troponins are regulatory proteins found in skeletal
and cardiac muscle, being present primarily on the actin
filaments of the contractile apparatus.8 Their main function
is to regulate the force and velocity of muscle contraction.
The troponin complex consists of 3 subunits (T, C and I).
TnT anchors the Tn complex to the tropomyosin, TnC
binds to calcium ions and initiates the contractile response,

TABLE II: CLINICAL SENSITIVITY, SPECIFICITY AND PREDICTIVE VALUES FOR INDIVIDUAL CARDIAC MARKERS OF ACUTE
MYOCARDIAL INFARCTION

Marker 0-6 hours 7-12 hours 13-24 hours# Overall
 (n = 14) (n = 34) (n = 3) (n = 51)

Myoglobin
Sensitivity 75 (45-100) 65 (44-86) 100 69 (52-86)
Specificity 83 (53-100) 100 50 91 (79-100)
PPV 86 (60-100) 100 50 91 (79-100)
NPV 71 (38-100) 67 (47-87) 100 69 (52-86)

Troponin-I
Sensitivity 25 (0-55) 95 (85-100) 100 76 (60-92)
Specificity 100 100 100 100
PPV 100 100 100 100
NPV 50 (22-78) 93 (80-100) 100 76 (60-92)

Troponin-T
Sensitivity 25 (0-55) 80 (71-89) 100 66 (47-85)
Specificity 100 93 (86-100) 100 95 (86-100)
PPV 100 94 (88-100) 100 95 (85-100)
NPV 50 (22-78) 76 (66-86) 100 68 (52-84)

CKMB (Laboratory)
Sensitivity 63 (30-93) 90 (77-100) 100 83 (69-97)
Specificity 100 93 (80-100) 50 91 (79-100)
PPV 100 95 (95-100) 50 92 (82-100)
NPV 67 (37-97) 87 (70-100) 100 80 (64-96)

CKMB (Stratus CS)
Sensitivity 63 (30-93) 90 (77-100) 100 83 (69-97)
Specificity 100 100 50 95 (86-100)
PPV 100 100 50 96 (89-100)
NPV 67 (37-97) 88 (72-100) 100 81 (65-97)

PPV (Positive predictive value) is the chance of having AMI with a test result above the cut-off value.
NPV (Negative predictive value) is the chance of not having AMI with a test result equal or less than the cut-off value.
All values are expressed in percentages.
Numbers in brackets represent the 95% confidence interval for each result.
# Numbers in this group are too small for statistical analysis.
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and TnI inhibits actin-myosin interaction and the contraction
process. Both TnT and TnI have a specific cardiac form,
making them ideal markers for myocardial damage.8 The
release kinetics of both markers are broadly similar, both
attaining abnormal serum levels within 6 hours and reaching
a peak in 10 to 24 hours. However, TnI returns to baseline
within 5 to 7 days while TnT can be detected up to 14 days
post-event.13-15 As their release is slower than myoglobin
and CKMB, their early sensitivity is relatively poor.8,16

However, their performance after 6 hours is excellent, with
some studies claiming nearly 100% sensitivity, specificity
and negative predictive values.17-19 In our study, TnI showed
excellent sensitivity (95%) after 6 hours, while TnT appeared
to perform less well (Table II). The difference, though not
statistically significant, could be due to the TnT test being
a qualitative test and therefore more susceptible to variations
in interpretation. Our results with the qualitative TnT test,
however, compare well with a recently published trial
which demonstrated a sensitivity of 70% at 6 hours post-
presentation.20 Excellent specificity was also shown by
both assays, but our study excluded patients with muscle
disease or renal failure, both of which have been reported
to cause elevated TnT but not TnI results.21-23

CKMB has long been the classical marker for AMI, and
the CKMB-mass assays show good sensitivity and
specificity. Serum levels become abnormal 4 to 6 hours
after myocardial damage and reach a peak in 12 to 24
hours.8 CKMB-mass is thus less sensitive than myoglobin
but slightly superior to the troponins in the first few hours.
Its performance in the subsequent hours improve
dramatically, till past its peak level.16,24 This is shown in our
study, which also demonstrates excellent correlation
between the Stratus CS and hospital laboratory assays in
the diagnosis of AMI (Table II).

As the individual markers have different characteristics
and each offer certain advantages, a logical approach
would be to use some of these markers in combination to
facilitate the diagnosis of AMI. Strategies combining an
early but less sensitive marker such as myoglobin with a
late but specific marker such as CKMB or a troponin have
been recommended in recently published guidelines.3,25,26

Studies utilising a combination of myoglobin and CKMB-
mass have reported excellent results, with overall sensitivity
of 80% to 100% and specificity of 84% to 100%.27,28 This
is reproduced in our study, where a similar panel showed
a sensitivity of 90% and specificity of 95%. A combination

TABLE III: CLINICAL SENSITIVITY, SPECIFICITY AND PREDICTIVE VALUES FOR POINT-OF-CARE TESTING (USING STRATUS CS)
VERSUS STANDARD TESTING FOR DIAGNOSIS OF AMI

Time after POC POC POC Standard P value*
Onset (hours) (Myo+TnI+CKMB) (Myo+TnI) (Myo+CKMB) testing

0-6 (n = 14)
Sensitivity 88 (66-100) 75 (45-100) 88 (66-100) 63 (30-93) ns
Specificity 100 100 100 100 ns
PPV 100 100 100 100 ns
NPV 86 (60-100) 75 (45-100) 86 (60-100) 67 (37-97) ns

7-12 (n = 34)
Sensitivity 95 (85-100) 95  (85-100) 90 (77-100) 95 (85-100) ns
Specificity 100 100 100 93 (80-100) ns
PPV 100 100 100 95 (85-100) ns
NPV 93 (80-99) 93 (80-100) 88 (72-100) 93 (80-100) ns

13-24 (n = 3)#

Sensitivity 100 100 100 100 ns
Specificity 50 50 50 50 ns
PPV 50 50 50 50 ns
NPV 100 100 100 100 ns

Overall (n = 51)
Sensitivity 93 (84-100) 90 (79-100) 90 (79-100) 86 (73-99) ns
Specificity 95 (86-100) 95 (86-100) 95 (86-100) 91 (79-100) ns
PPV 96 (89-100) 96 (89-100) 96 (89-100) 93 (83-100) ns
NPV 91 (79-100) 88 (75-100) 88 (75-100) 83 (68-98) ns

CKMB: creatine kinase MB; Myo: myoglobin; ns: not significant; POC: point-of-care testing; TnI: troponin I

All values are expressed in percentages.

Numbers in brackets represent the 95% confidence interval for each result.
Standard testing utilises CKMB mass and qualitative troponin-T test.
# Numbers in this group are too small for statistical analysis.
* Chi-square test used for comparison between groups.
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of myoglobin and TnI also showed equivalent results
(Table III). We also utilised a combination of 3 markers
(myoglobin, TnI and CKMB-mass) and this combination
likewise showed excellent sensitivity (93%), specificity
(100%) and predictive accuracy (Table III). These results
are comparable to very recently published studies.29

Including a troponin assay in the panel of markers is also
desirable because of its prognostic value, as elevated
troponin levels have been shown to be good predictors of
short-term,30-32 as well as medium-term33 cardiac events
and mortality. There is also increasing evidence that
treatment with newer anti-thrombotic agents such as
glycoprotein IIb/IIIa inhibitors34 and low molecular weight
heparin35 significantly improves outcome in such patients.

As shown in Table III, a point-of-care testing strategy
utilising various combinations of cardiac markers has at
least an equivalent sensitivity, specificity and predictive
accuracy as the current methods for diagnosis of AMI. The
advantage of this strategy lies in the increased speed with
which results are available for clinical decision-making.36

It allows the clinician to make the diagnosis of AMI earlier,
and potentially allows for faster triaging of patients and
earlier institution of appropriate therapy.37

Study Limitations and Future Issues

This study is limited by a relatively small sample size,
which dilutes the impact of the results. Secondly, the
possibility of inter-observer variation should be considered
with the qualitative TnT assay, though all personnel involved
in performing this test have had experience with it and the
difference in results compared to the quantitative TnI assay
was not statistically significant.

Though point-of-care testing strategies have a definite
advantage in terms of rapid availability of results, evidence
is presently still lacking regarding its impact on therapeutic
outcome. A subsequent larger study is being planned to
evaluate this issue.

Conclusion

Point-of-care cardiac marker testing has diagnostic
precision comparable to the traditional testing strategies
for AMI, with more rapid availability of results. As
individual cardiac markers have different and very specific
properties, a combination panel of 2 or 3 markers offers the
best performance. Future studies evaluating point-of-care
testing strategies should now focus on their impact on real-
time clinical decision-making, as well as on clinical
outcomes and cost-effectiveness.

Acknowledgements

The authors gratefully acknowledge Dade Behring for
the supply of equipment and reagents for this study. We
thank Ms Sim Ling Ling for statistical advice. Special

REFERENCES

1. World Health Organisation. Report of the Joint International Society
and Federation of Cardiology/World Health Organisation Task Force
on Standardisation of Clinical Nomenclature. Nomenclature and criteria
for diagnosis of ischaemic heart disease. Circulation 1979; 59:607-9.

2. ACC/AHA Guidelines for the Management of Patients with Acute
Myocardial Infarction. A Report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines
(Committee of Management of Acute Myocardial Infarction). J Am Coll
Cardiol 1996; 28:1328-428.

3. 1999 Update: ACC/AHA Guidelines for the Management of Patients
with Acute Myocardial Infarction. A Report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines (Committee of Management of Acute Myocardial Infarction).
J Am Coll Cardiol 1999; 34:890-911.

4. Yusuf S, Pearson M, Sterry H, Parish S, Ramsdale D, Rossi P, et al. The
entry ECG in the early diagnosis and prognostic stratification of patients
with acute myocardial infarction. Eur Heart J 1984; 5:690-6.

5. Lee T H, Weisberg M C, Brand D A, Rouan G W, Goldman L.
Candidates for thrombolysis among emergency room patients with
acute chest pain: potential true and false positive rates. Ann Intern Med
1989; 110:957-62.

6. Rude R E, Poole W K, Muller J E, Turi Z, Rutherford J, Parker C, et al.
Electrocardiographic and clinical criteria for recognition of acute
myocardial infarction based on analysis of 3697 patients. Am J Cardiol
1983; 52:936-42.

7. Keffer J. The cardiac profile and proposed practice guideline for acute
ischaemic heart disease. Am J Clin Pathol 1997; 107:398-409.

8. Char D M, Israel E, Ladenson J. Early laboratory indicators of acute
myocardial infarction. Emerg Med Clin North Am 1998; 16:519-39.

9. Plebani M. Zaninotto M. Diagnostic strategies in myocardial infarction
using myoglobin measurement. Eur Heart J 1998; 19:N12-5.

10. Montague C, Kircher T. Myoglobin in the early evaluation of acute
chest pain. Am J Clin Pathol 1995; 104:472-6.

11. Brogan G X, Bock J L. Cardiac marker point-of-care testing
in the emergency department and cardiac care unit. Clin Chem 1998;
44:1865-9.

12. Lee H S, Cross S J, Garthwaith P, Dickie A, Ross I, Walton S, et al.
Comparison of the value of novel rapid measurement of myoglobin,
creatine kinase, and creatine kinase-MB with the electrocardiogram for
the diagnosis of acute myocardial infarction. Br Heart J 1994; 71:
311-5.

13. Wu A H B, Feng Y J. Biochemical differences between cTnT and cTnI
and their significance for diagnosis of acute coronary syndromes. Eur
Heart J 1998; 19:N25-9.

14. Collinson P O. Troponin T or Troponin I or CKMB (or none?). Eur Heart
J 1998; 19:N16-24.

15. Bertinchant J-P, Larue C, Pernel I, Ledermann B, Fabbro-Peray P, Beck
L, et al. Release kinetics of serum cardiac troponin I in ischaemic
myocardial injury. Clin Biochem 1996; 29:587-94.

16. De Winter R J, Koster R W, Sturk A, Sanders G T. Value of myoglobin,

mention is also due the many medical officers, especially
Drs Cheng Yew Kuang, Chi Wei Ming, Chong Yong
Yeow, Eric Hong, Mervyn Koh, Lee Liang Tee, Ong Thun
How, Tan Thuan Tong, Wong Wei Mon, Wu Huei Yaw,
Samantha Yap and Yeo Khung Keong, for their enthusiasm
and efforts in including patients for this study.



July 2000, Vol. 29 No. 4

427Cardiac Marker Point-of-care Testing—L F Hsu et al

troponin T and CKMBmass in ruling out an acute myocardial infarction
in the emergency room. Circulation 1995; 92:3401-7.

17. Adams J E, Schechtman K B, Landt Y, Ladenson J H, Jaffe A S.
Comparable detection of acute myocardial infarction by creatine kinase
MB isoenzyme and cardiac troponin I. Clin Chem 1994; 40:1291-5.

18. Falahati A, Sharkey S W, Christensen D, McCoy M, Miller E A,
Murakami M A, et al. Implementation of serum cardiac troponin I as
marker for detection of acute myocardial infarction. Am Heart J 1999;
137:332-7.

19. Adams J E, Bodor G S, Davila-Roman V G, Delmez J A, Apple F S,
Ladenson J H, et al. Cardiac troponin I. A marker with high specificity
for cardiac injury. Circulation 1993; 88:101-6.

20. REACTT Investigators Study Group. Evaluation of a bedside whole
blood rapid troponin T assay in the emergency department. Acad Emerg
Med 1997; 4:1018-24.

21. McLaurin M D, Apple F S, Voss E M, Herzog C A, Sharkey S W. Serum
cardiac troponin I, cardiac troponin T and CKMB in dialysis patients
without ischaemic heart disease: evidence of cardiac troponin T
expression in skeletal muscle. Clin Chem 1997; 43:976-82.

22. Musso P, Cox I, Vidano E, Zambon D, Panteghini M. Cardiac troponin
elevations in chronic renal failure: prevalence and clinical significance.
Clin Biochem 1999; 32:125-30.

23. Bodor G S, Survant L, Voss E M, Smith S, Porterfield D, Apple F S.
Cardiac troponin T composition in normal and regenerating human
skeletal muscle. Clin Chem 1997; 43:476-84.

24. Wu A H B, Feng Y J, Contois J H, Pervaiz S. Comparison of myoglobin,
creatine kinase-MB, and cardiac troponin I for diagnosis of acute
myocardial infarction. Ann Clin Lab Sci 1996; 26:291-300.

25. Wu A H B, Apple F S, Gibler W B, Jesse R L, Warshaw M M, Valdes
R. National Academy of Clinical Biochemistry Standards of Laboratory
Practice: Recommendations for the use of cardiac markers in coronary
artery disease. Clin Chem 1999; 45:1104-21.

26. Panteghini M, Apple F S, Christenson R H, Dati F, Mair J, Wu A H B.
Proposals from IFCC Committee on Standardization of Markers of
Cardiac Damage: Recommendations on use of biochemical markers of
cardiac damage in acute coronary syndromes. Scand J Clin Lab Invest
1999; 59:S103-12.

27. Kontos M C, Anderson F P, Hanbury C M, Roberts C S, Miller W G,
Jesse R L. Use of the combination of myoglobin and CKMBmass for the

rapid diagnosis of acute myocardial infarction. Am J Emerg Med 1997;
15:14-9.

28. Levitt M A, Promes S B, Bullock S, Disano M, Young G P, Gee G, et
al. Combined cardiac marker approach with adjunct two-dimensional
echocardiography to diagnose acute myocardial infarction in the
emergency department. Ann Emerg Med 1996; 27:1-7.

29. Apple F S, Christenson R H, Valdes R, Andriak A J, Berg A, Duh S H,
et al. Simultaneous rapid measurement of whole blood myoglobin,
creatine kinase MB, and cardiac troponin I by the triage cardiac panel
for detection of myocardial infarction. Clin Chem 1999; 45:199-205.

30. Sayre M R, Kaufmann M R, Chen I W, Sperling M, Sidman R D, Diercks
D B, et al. Measurement of cardiac troponin T is an effective method for
predicting complications among emergency department patients with
chest pain. Ann Emerg Med 1998; 31:539-49.

31. Antman E M, Tanasijevic M J, Thompson B, Schactman M, McCabe C
H, Cannon C P, et al. Cardiac-specific troponin I levels to predict the risk
of mortality in patients with acute coronary syndromes. N Engl J Med
1996; 335:1342-9.

32. Christenson R H, Duh S H, Newby L K, Ohman E M, Califf R H, Granger
C B, et al for the GUSTO-IIa Investigators. Cardiac troponin T and
cardiac troponin I: relative values in short-term risk stratification of
patients with acute coronary syndromes. Clin Chem 1998; 44:494-501.

33. Galvani M, Ottani F, Ferrini D, Ladenson J H, Destro A, Baccos D, et
al. Prognostic influence of elevated values of cardiac troponin I in
patients with unstable angina. Circulation 1997; 95:2053-9.

34. Hamm C W, Heeschen C, Goldmann B, Vahanian A, Adgey J, Miguel
C M, et al for the CAPTURE Study Investigators. Benefit of abciximab
in patients with refractory unstable angina in relation to serum troponin
T levels. N Engl J Med 1999; 340:1623-9.

35. Lindahl B, Venge P, Wallentin L. The FRISC experience with troponin
T. Use as decision tool and comparison with other prognostic markers.
Eur Heart J 1998; 19:N51-8.

36. Heeschen C, Goldmann B U, Moeller R H, Hamm C W. Analytical
performance and clinical application of a new rapid bedside assay
for the detection of serum cardiac troponin I. Clin Chem
1998; 44:1925-30.

37. Dadkhah S, Fisch C, Zonia C, Foschi A. Accelerated coronary reperfusion
through the use of rapid bedside cardiac markers—case reports.
Angiology 1999; 50:55-62.


