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Objective: To assess the diagnostic efficiency of the third generation cardiac troponin T assay in rou-
tine clinical practice.
Design: Prospective observational study of unselected consecutive admissions.
Setting: Multicentre study in 43 teaching and non-teaching hospitals in 13 countries.
Subjects: 1105 hospital admissions, median age 67 years (range 15–96 years, 63.7% male) with
suspected acute coronary syndromes (72.3% of cases) or other non-specific symptoms where cardiac
disease required exclusion (27.7%).
Interventions: Over the study period, myoglobin, creatine kinase MB isoenzyme (CK-MB), and
cardiac troponin T where measured in parallel with conventional diagnostic tests. Final diagnostic
classification involved standard ECG changes and CK-MB mass exceeding 5.0 µg/l.
Main outcome measures: Diagnostic efficiency was assessed by receiver operator characteristic
curve analysis including and excluding patients with unstable angina.
Results: Measurement of cardiac troponin T was diagnostically equivalent to CK-MB and both were
better than myoglobin, with areas under the curve at 12 hours of 0.94, 0.99, and 0.80, respectively.
Diagnostic criteria using CK-MB were inadequate and showed bias when patients with unstable angina
were included. Elevations of cardiac troponin T did not occur when cardiac disease could be categori-
cally excluded but were found in clinical conditions other than suspected acute coronary syndromes.
Conclusions: CK-MB is unsuitable as a diagnostic gold standard even at the proposed lower thresh-
old. A lower cut off for cardiac troponin T of 0.05 µg/l should be used for diagnosis of acute myocar-
dial infarction. Diagnosis of acute myocardial infarction cannot be made solely on the basis of a
cardiac troponin T result.

The ECG is the diagnostic tool of first choice to select
patients for thrombolysis1 2 but has a sensitivity of 55–75%
for acute myocardial infarction.3–5 The majority of patients

admitted with suspected acute coronary syndromes do not
have ischaemic heart disease. Biochemical tests to exclude
acute myocardial infarction are part of the routine investiga-
tion profile, with diagnosis defined by World Health Organiza-
tion criteria.6 New standards for biochemical diagnosis have
been proposed, incorporating myoglobin and the cardiac
troponins T (cTnT) and I (cTnI).7–9 Myoglobin shows earlier
rises than the MB isoenzyme of creatine kinase (CK-MB),10–12

and cTnT and cTnI are cardiospecific and have prognostic
value.13–17 CK-MB by mass measurement is the best single test
for the diagnosis of acute myocardial infarction by conven-
tional WHO criteria.18–23 The use of either CK-MB mass or
cTnT/cTnI above the 99th centile of a reference population has
been proposed as the biochemical gold standard for acute
myocardial infarction.7

Comparison of new tests with a diagnosis using CK-MB
mass as the gold standard produces a paradox when markers
with greater cardiospecificity are employed. They appear to
have lower diagnostic efficiency. Outcome based studies has
resolved this problem. There is already a large body of data
based on conventional diagnostic criteria. Evaluation of cTnT
(the putative gold standard) must therefore allow for
imperfections in the current (CK-MB) based gold standard,
but also be referenced to it. Analysis of a large, well categorised
patient population including and excluding patients with

unstable angina, combined with a rigorous diagnostic classifi-

cation for acute myocardial infarction, will achieve this. This

population must reflect the mixed chest pain population seen

in routine clinical practice rather than a research setting with

carefully selected patient groups.

We have undertaken a multicentre study of measurement

using a real time immunoassay analyser. A large subject

population was studied, including patients in whom non-

specific elevations of routinely used biochemical markers of

myocardial damage can occur.

METHODS
Patient population
In order to reflect routine clinical practice there were no

exclusion criteria, with the exception that all patients studied

were consecutive admissions who had biochemical testing to

confirm or exclude acute coronary syndrome as part of their

routine diagnostic work up. All patients enrolled in the study

were expected to have had adequate investigation (stress ECG,

radionucleide cardiac imaging, cardiac catheterisation,

ventilation–perfusion scans, pulmonary angiography, gas-

troduodenoscopy, and laboratory testing as clinically indicated

and reflecting clinical practice in the participating institu-

tions), to allow an accurate final diagnosis to be made. In

addition, participating centres were encouraged to include

patients within the study in whom conventional biochemical

testing for myocardial damage was difficult but the

See end of article for
authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Dr Paul O Collinson,
Department of Chemical
Pathology, 2nd Floor
Jenner Wing, St George’s
Hospital, Blackshaw Road,
London SW17 0QT, UK;
paul.collinson@
stgeorges.nhs.uk

Accepted
20 November 2002
. . . . . . . . . . . . . . . . . . . . . . .

280

www.heartjnl.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heart.89.3.286 on 1 M

arch 2003. D
ow

nloaded from
 

http://heart.bmj.com/


cardiospecificity of cTnT measurement might be expected to

confer an advantage (myositis, rhabdomyolysis, multiple trauma).

Data were recorded prospectively on all patients, using a

structured proforma including relevant clinical details, ECG

data, routine biochemical results with reference intervals, and

final diagnosis. Care was taken to record the duration of chest

pain before admission where possible. As timing of chest pain

can be unreliable, time from admission to venepuncture was

recorded in all cases and was used as the index time for

assessment.

Data proformas were then independently reviewed cen-

trally in a blinded fashion by two of the investigators (POC

and PJS) to check whether the data were internally consistent

and compatible with the diagnosis supplied. When there was

a discrepancy, further information was obtained from the par-

ticipating centre. Where a final diagnosis could not be agreed,

third party adjudication was used to assign the case to the

appropriate patient group.

In all, 1105 patients admitted to 44 hospitals in 13 countries

with suspected acute coronary syndrome, or in whom acute

coronary syndrome was considered as a secondary diagnosis,

were enrolled in the study. Of these, 799 (72.3%) had a

primary diagnosis of suspected acute coronary syndrome, and

306 (27.7%) had investigations for other reasons. The median

age of the subjects was 67 years (range 15–96 years; lower

quartile 57, upper quartile 76); 63.7% of the patients were

male, median age 66 years (range 15–96 years; lower quartile

53.5, upper quartile 74), and 36.3% were female, median age

72 years (range 27–96 years, lower quartile 63, upper quartile

80). The median duration of chest pain was 3.9 hours (range

very short to 12.5 hours).

Diagnostic categorisation
In order to allow comparison with previous studies, final diag-

nostic categorisation of patients on hospital discharge was

made using WHO criteria for ischaemic heart disease but with

CK-MB mass as the biochemical gold standard.

Acute myocardial infarction was diagnosed when there

were characteristic ECG changes—either ST segment eleva-

tion or the development of new Q waves—confirmed by

significant changes in serial cardiac enzymes. ST segment

elevation was judged to be present if it was > 0.1 mV at the

J point in one or more extremity leads or > 0.2 mV in one or

more precordial leads. Significant changes in cardiac enzymes

were considered to occur when creatine kinase exceeded twice

the upper reference limit of the local laboratory, or if CK-MB

mass exceeded 5 µg/l.

Unstable angina pectoris was diagnosed in patients with an

episode of chest pain within the previous 48 hours and with-

out characteristic ECG changes (ST segment elevation as

defined above or development of new Q waves), who had

non-specific ECG changes (ST depression or T wave inversion)

or continuing chest pain with or without non-specific ECG

changes and without significant changes in cardiac enzymes.

Stable angina pectoris was diagnosed in patients with

known ischaemic heart disease but without acute chest pain

and without significant changes in cardiac enzymes.

Non-ischaemic chest pain was diagnosed when follow up

investigations allowed coronary artery disease to be excluded

or when a definite source of non-cardiac chest pain could be

identified.

Other diagnostic groups were taken from the final

discharge diagnosis where a positive diagnosis could be made

and ischaemic heart disease excluded.

Analytical methods
Blood samples for measurement of cTnT, CK-MB mass, and

myoglobin were drawn along with blood for routine investiga-

tions according to the local investigation protocol. The choice of

the use of serum or plasma was left to the local participating

centre. For serum, blood samples were taken, allowed to clot

fully, and then centrifuged. For plasma, blood samples were

taken, mixed by inversion, and then centrifuged. Plasma or

serum samples (as appropriate) were then separated for analy-

sis by the laboratory for cTnT, CK-MB mass, and myoglobin

determinations. Measurement of other cardiac enzymes in the

local laboratories were done by automated analysis according

to the manufacturers’ recommended methods.
Measurements of cTnT, myoglobin, and CK-MB mass were

done using an Elecsys analyser by the troponin T STAT third

generation, myoglobin STAT, and CK-MB STAT methods (Roche

Diagnostics, Tutzing, Germany). These assays are based on elec-

trochemiluminescence immunoassay technology (ECLIA)

using two mouse monoclonal antibodies in a sandwich format,

two step assay. They were done on Elecsys 1010 and 2010

immunoassay analysers according to the manufacturer’s

instructions. For cTnT, the detection limit was 0.01 µg/l with an

upper limit of 25 µg/l; for CK-MB the detection limit was

0.1 µg/l with an upper limit of 500 µg/l; and for myoglobin, the
detection limit was 15 µg/l with an upper limit of 3000 µg/l.

The analytical performance of the assays was good, with total

imprecision less than 10% in, respectively, 97% (cTnT, range

0.15–5.77 µg/l), 94% (CK-MB, range 5.95–53 µg/l), and 97%

(myoglobin, 90.4–1133 µg/l) of participating centres.

Data handling and statistical methods
Parametric statistics were used for the derivation of all

estimates of imprecision. Baseline demographics are ex-

pressed as medians and range, with upper and lower quartiles

where appropriate. Diagnostic performance was assessed by

construction of receiver operating characteristic (ROC) curves

with areas compared for significance at the p = 0.05 level by

the normal approximation method (as the numbers were

large). All statistical analysis was done using the SAS statisti-

cal package (SAS Institute Inc, Cary, North Carolina, USA). It

has been documented that when diagnosis is based on creat-

ine kinase and CK-MB, an elevation of cTnT is seen in

approximately 33% of patients with unstable angina15; thus

the effect of variation in the diagnostic categorisation on the

underlying population was studied by doing an ROC analysis

including and excluding patients with a final diagnosis of

unstable angina.

RESULTS
Patients with a primary diagnosis of suspected acute
coronary syndrome
In all, 799 patients were studied: 467 with acute myocardial

infarction, 164 with unstable angina, 100 with stable angina,

and 68 with non-ischaemic chest pain. The data from the ROC

analysis are summarised in table 1.

When patients with unstable angina were excluded,

measurement of cTnT in samples taken less than two hours

from admission was better than either myoglobin or CK-MB

mass. Measurement of cTnT was significantly better than

myoglobin (p < 0.05) at all other time points, most notably at

12–24 hours from admission. CK-MB and cTnT showed equiv-

alent diagnostic efficiency at between 2–6 hours and at all

time points thereafter. Inclusion of patients with unstable

angina resulted in an apparent fall in the diagnostic efficiency

of both myoglobin and cTnT. At less than 2 hours, 2–6 hours,

and 6–12 hours, CK-MB was better than cTnT, but diagnostic

efficiencies converged at 12–24 hours from admission. CK-MB

was superior to myoglobin at all time points. Myoglobin and

cTnT showed comparable diagnostic efficiencies until 6–12

hours from admission, when there was a progressive decrease

in the efficiency of myoglobin but an increase in the value for

cTnT. The ROC curves are shown in figs 1 and 2.

The third generation assay has both an improved impreci-

sion profile and a lower detection limit. A detailed evaluation

of the ROC curve was therefore performed. The clinical
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sensitivity for cTnT was examined using cut off values for cTnT

from 0.01–0.1 µg/l (table 2). Reduction in the cut off value

resulted in improvement in sensitivity but loss of specificity,

with optimal trade off in the range of 0.04–0.06 µg/l.

Patients without a primary diagnosis of acute coronary
syndrome
Patients with ischaemic heart disease
There were 122 patients with cardiac failure: 56 with conges-

tive heart failure, 49 with arrythmias producing heart failure,

and 17 with underlying ischaemic heart disease. cTnT

exceeded 0.05 µg/l in 52 (45.6%) of these, and was raised to

0.1 µg/l or above in 28. These data are summarised in fig 3.

Patients with chest pain without suspected acute coronary
syndrome.
In all, 124 patients were admitted with a final diagnosis that

excluded suspected acute coronary syndrome as a primary

diagnosis. In one there was inadequate documentation so

that patient was excluded from further analysis. In 75,

cardiac disease could be categorically excluded (39 with

rheumatological disorders, five with carcinoma, 13 with

gastrointestinal tract disorders, four with viraemia, and 14

with other miscellaneous diagnoses); cTnT was less than 0.05

µg/l in all these cases. There were 37 patients with pulmonary

disease (10 with pulmonary emboli, 27 with pulmonary

interstitial disease). Four of the 10 patients with a pulmonary

Table 1 Areas under receiver operating characteristic curves including and excluding patients with unstable angina

Population Time (hours)

Area under the ROC curve (confidence intervals in parentheses)

Troponin T Myoglobin CK-MB mass

n AUC n AUC n AUC

MI/NICP + SAP <2 461 0.93 (0.74 to 1.00) 364 0.81 (0.61 to 1.00) 245 0.85 (0.64 to 1.00)
MI/NICP + SAP 2 to <6 296 0.96 (0.77 to 1.00) 254 0.91 (0.71 to 1.00) 203 0.93 (0.68 to 1.00)
MI/NICP + SAP 6 to <12 349 0.98 (0.79 to 1.00) 293 0.89 (0.68 to 1.00) 242 0.96 (0.76 to 1.00)
MI/NICP + SAP 12 to <24 332 0.98 (0.80 to 1.00) 251 0.85 (0.65 to 1.00) 213 0.98 (0.75 to 1.00)
MI/NICP + SAP + UAP <2 746 0.78 (0.66 to 0.91) 624 0.75 (0.61 to 0.89) 295 0.85 (0.65 to 1.00)
MI/NICP + SAP + UAP 2 to <6 681 0.86 (0.69 to 1.00) 514 0.87 (0.68 to 1.00) 253 0.93 (0.68 to 1.00)
MI/NICP + SAP + UAP 6 to <12 734 0.92 (0.76 to 1.00) 553 0.84 (0.67 to 1.00) 292 0.96 (0.76 to 1.00)
MI/NICP + SAP + UAP 12 to <24 717 0.94 (0.78 to 1.00) 511 0.80 (0.61 to 0.99) 263 0.99 (0.75 to 1.00)

CK-MB, MB isoenzyme of creatine kinase; MI, acute myocardial infarction; NICP, non-ischaemic chest pain; SAP, stable angina pectoris; UAP, unstable
angina pectoris.

Figure 1 Receiver operating characteristic (ROC) plots of acute myocardial infarction versus stable angina pectoris plus non-ischaemic chest
pain according to sample time from admission.
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embolus had a cTnT concentration of > 0.05 µg/l; in

one of these the cTnT value was above 0.1 µg/l. Ten of the 27

patients with pulmonary interstitial disease had a cTnT con-

centration of > 0.05 µg/l and in six of these the value

exceeded 0.1 µg/l. There were two unusual cases—one with

thyroiditis and one with systemic lupus erythematosus. In

neither of these could myocardial involvement in the

primary pathology be excluded. These data are summarised

in table 3.

Rhabdomyolysis and multiple trauma
There were 30 patients with rhabdomyolysis. Their creatine

kinase values were in the range of 1655–10600 U/l and the

cTnT concentration exceeded 0.05 µg/l in two; however, all the

cTnT values in these patients were less than 0.1 µg/l.
Thirty patients were admitted with multiple trauma: 25 of

these had cTnT concentrations less than 0.05 µg/l and two had
values above 0.1 µg/l (0.108 and 0.129 µg/l). Data comparing
the markers in patients with multiple trauma are shown fig 4.

Figure 2 Receiver operating characteristic (ROC) plots of acute myocardial infarction versus stable angina pectoris plus unstable angina
pectoris and non-ischaemic chest pain according to sample time from admission.

Table 2 Effect on sensitivity and specificity of reducing the cut off value for troponin T

Time
window
(hours)

Cut off point

0.01µg/l 0.03 µg/l 0.04 µg/l 0.05 µg/l 0.06 µg/l 0.1 µg/l

Sensitivity (CI)
0 82.4 (74.8 to 88.6) 69.5 (60.7 to 77.2) 67.9 (59.4 to 76.0) 63.4 (54.5 to 71.5) 60.3 (51.3 to 68.9) 53.4 (44.4 to 62.3)
>0 to <2 99.0 (96.3 to 99.9) 77.5 (71.0 to 83.1) 73.8 (67.0 to 79.9) 69.6 (62.5 to 76.0) 67.5 (60.3 to 74.2) 60.7 (53.6 to 67.5)
2 to <4 93.7 (85.8 to 97.9) 83.5 (73.6 to 90.9) 83.5 (73.6 to 90.9) 82.3 (72.2 to 89.9) 79.7 (69.1 to 88.0) 73.4 (62.3 to 82.7)
4 to <6 94.9 (87.4 to 98.6) 92.3 (84.0 to 97.1) 92.3 (84.0 to 97.1) 91.0 (82.4 to 96.3) 88.5 (79.2 to 94.6) 85.9 (76.2 to 92.7)
6 to <12 97.6 (94.5 to 99.2) 95.7 (92.0 to 98.0) 93.8 (89.7 to 96.7) 93.8 (89.7 to 96.7) 92.9 (88.5 to 95.9) 92.4 (87.9 to 95.6)
>12 99.0 (98.0 to 99.6) 96.0 (94.3 to 97.3) 95.0 (93.1 to 96.5) 94.9 (93.0 to 96.4) 94.2 (92.2 to 95.8) 90.7 (88.4 to 92.7)

Specificity (CI)
0 60.0 (32.3 to 83.7) 73.3 (44.9 to 92.2) 73.3 (44.9 to 92.2) 73.3 (44.9 to 92.2) 73.3 (44.9 to 92.2) 80.0 (51.9 to 95.7)
>0 to <2 51.6 (43.5 to 59.6) 77.4 (70.0 to 83.7) 80.0 (72.7 to 86.1) 80.6 (73.5 to 86.5) 82.6 (75.8 to 88.4) 87.1 (80.7 to 92.0)
2 to <4 35.9 (21.1 to 52.8) 71.8 (55.4 to 85.0) 74.4 (58.0 to 87.0) 76.9 (60.7 to 88.9) 76.9 (60.7 to 88.9) 89.7 (75.8 to 97.1)
4 to <6 43.8 (19.8 to 70.1) 68.8 (41.3 to 89.0) 81.3 (54.4 to 96.0) 81.3 (54.4 to 96.0) 81.3 (54.4 to 96.0) 81.3 (54.4 to 96.0)
6 to <12 31.0 (19.5 to 44.5) 56.9 (43.3 to 69.8) 62.1 (48.3 to 74.6) 63.8 (49.9 to 75.9) 67.2 (53.7 to 79.0) 74.1 (61.1 to 84.7)
>12 38.6 (32.4 to 45.1) 56.8 (50.1 to 63.2) 58.9 (52.5 to 65.1) 60.6 (54.2 to 66.7) 63.1 (56.6 to 69.2) 71.4 (65.2 to 77.0)

CI, confidence interval.
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DISCUSSION
The results of this study show that a lower diagnostic cut off

for cTnT using the third generation assay is appropriate. It also

illustrates the flaw in using CK-MB as the gold standard. There

is an apparent fall in diagnostic efficiency when a less well

defined diagnostic group, unstable angina, is included in the

population studied. Test evaluations are typically performed on

selected patient populations or on samples collected as part of

a clinical trial. The patients involved have a high probability of

ischaemic heart disease (typically > 80%) and the majority

have a clear diagnosis of acute myocardial infarction. In routine

clinical practice we found the prevalence of ischaemic heart

disease to be 50%, with acute myocardial infarction at presen-

tation in only 10%. The majority of patients required cardiac

enzyme measurement for diagnosis. The situation is worse in

the emergency department population, where there is a

significant incidence of missed acute myocardial infarction.24

Realistic evaluation requires usual measurement, an unse-

lected population, cases that are diagnostically challenging,

and technology available for routine clinical use.

The diagnostic sensitivity of CK-MB mass for acute

myocardial infarction was close to 100%, consistent with the

kinetics of CK-MB release22 and its inclusion in the

conventional diagnostic classification. In patients with unsta-

ble angina, 70% had detectable cTnT, exceeding 0.1 µg/l in

31.3%. The confounding effect of CK-MB on the diagnostic

classification is illustrated by exclusion of patients with

unstable angina, when the diagnostic efficiency of cTnT

measurement improved. Myoglobin did not prove to be a con-

sistently better marker than CK-MB in the first six hours, and

thereafter its performance declined. Myoglobin has been con-

sidered to be one of the earliest markers to rise following acute

myocardial infarction. However, early studies did not compare

myoglobin with sensitive assays for CK-MB mass and

cTnT.10–12 25 The short time window for myoglobin means that

early peak values could be missed. Myoglobin is probably use-

ful in the emergency department for early exclusion of

myocardial infarction, but is less useful in patients admitted to

hospital, as blood samples tend to be taken later.

It has been proposed that the definition of acute myocardial

infarction should include cardiac troponins7 and that treat-

ment recommendations should be revised accordingly.26

Selection of an appropriate cut off point is important. In a

“normal” group, cardiac troponins are undetectable. Detailed

analysis of the diagnostic cut off point from the ROC data

suggested that the value should be reduced to 0.05 µg/l for an

unselected patient population. The FRISC study showed that

at a value above 0.06 µg/l there is an increased risk of a cardiac

event.27 Long term follow up of that study group over four

years showed a very low event rate at cTnT values less than

0.06 µg/l.28 A recent study suggested a value of 0.03 µg/l for

risk stratification but used highly selected patients in a clini-

cal trial of unstable angina. Recently published data have

shown that cTnT values exceeding 0.01 µg/l indicate higher

risk in the unstable angina population.29 However, cut off

points at this level are difficult to measure reliably. There is

therefore good evidence to support the use of a cut off value in

the range 0.03–0.06 µg/l. We feel that a value of 0.05 µg/l is

Figure 3 Cardiac markers in heart failure patients.

Table 3 Values for troponin T, myoglobin, and CK-MB in non-cardiac populations

Disease n Troponin T (µg/l) Myoglobin (µg/l) CK-MB (µg/l)

Rheumatoid joint disease 39 <0.01 (<0.01 to 0.041) 34.4 (25 to 127.0) 0.8 (0.2 to 6.1)
Carcinoma 5 <0.01 (<0.01 to 0.02) 41 (30 to 120) 1.3 (0.5 to 5.6)
GIT 13 <0.01 (<0.01 to 0.04) 58 (38.7 to 147), n=10 2.1 (1.0 to 7.5), n=12
Viraemia 4 <0.01 (<0.01 to <0.01) 49 (25 to 77) 1.4 (0.3 to 1.4)
Pneumonia 28 0.016 (<0.01 to 0.72) 101 (36 to 3100), n=26 4.1 (0.3 to 235),n=25
PE 9 0.026 (<0.01 to 4.08) 48.5 (33 to 84), n=8 1.85 (0.8 to 5.7), n=8
Other 26 <0.01 (<0.01 to 0.27) 59 (28 to >3000),n=22 2.5 (0.6 to 72), n=25

Values are median (range).
CK-MB, MB isoenzyme of creatine kinase; GIT, gastrointestinal tract disease; PE, pulmonary embolus.

Figure 4 Cardiac markers in patients with multiple trauma.
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pragmatically the most appropriate. It is in the range for accu-

rate measurement, useful in the general chest pain popula-

tion, and consistent with our ROC data. The use of a lower cut

off may be more appropriate in patients with a definitive diag-

nosis of acute coronary syndrome, but further studies are

required. Clinical studies have shown that the magnitude of

cTnT release is a reflection of the degree of actual or functional

myocardial damage.30 31 The degree of cTnT release also reflects

the degree of risk of a subsequent cardiac event.16 17 27 32 33

In patients with chest pain that was non-cardiac in origin

and where cardiac disease could be categorically excluded, no

cTnT elevations were seen. In patients with rhabdomyolysis,

cTnT was marginally raised if at all, despite substantial eleva-

tions of creatine kinase. Elevations of cTnT were only seen

where a possibility of myocardial damage existed34 or where

that would be consistent with data reported elsewhere.35

Clearly, cTnT measurements cannot be used uncritically for

diagnosis. Elevation of cTnT is pathognomonic of myocardial

cell damage, but only in the presence of appropriate clinical or

ECG findings does this constitute acute myocardial infarction.

The definition of acute myocardial infarction remains clinical,

but cTnT is a core diagnostic test. The measurement of cTnT

has been shown to identify patients who will benefit from

revascularisation, or from low molecular weight heparin and

glycoprotein IIb/IIIa antagonists.17 29 36–38 In order to be

clinically useful a rapid and precise cTnT assay is required,

with results comparable from both laboratory and point of

care testing. These criteria are met by this assay.

Conclusions
In routine clinical practice, measurement of cTnT by the third

generation assay on the 1010 analyser at a diagnostic cut off of

0.05 µg/l allows rapid accurate differential diagnosis of

patients with suspected acute coronary syndrome, and of

patients with other causes of chest pain. Myoglobin can serve

as a useful short term marker but was not superior to cTnT or

CK-MB in this study.
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IMAGES IN CARDIOLOGY.............................................................................
Left circumflex coronary artery arising as a terminal extension of the right coronary artery

A61 year old man presented with a history of chest pain of

13 years’ duration. The frequency and severity of the

chest pain had started to increase recently and was asso-

ciated with shortness of breath at rest. There was no history of

hyperlipidaemia and cigarette smoking. The patient was taking

aspirin, a diuretic, an angiotensin converting enzyme inhibitor,

digitalis, nitrates, and mexiletine. On examination his blood

pressure was 130/80 mm Hg and pulse rate 80 beats/min.

Auscultation revealed a mild systolic murmur on the apex, with

slightly harsh vesicular breathing in the lower zone. A chest x
ray showed cardiomegaly, and ECG revealed atrial fibrillation

with left ventricular hypertrophy; in the strip trace a few

ventricular extrasystoles were seen. Biochemical investigation

revealed only hyperlipidaemia with no other pathology.

Echocardiography showed that the left ventricular internal

diameters were dilated (79 mm/57 mm); ejection fraction was

51%, and a third degree mitral insufficiency was evident. Radio-

nuclide ventriculography was subsequently undertaken which

showed significant hypokinesia in the septum and an ejection

fraction of 20%.

The patient was admitted and coronary arteriography and

ventriculography undertaken. Coronary arteriography showed

a normal left anterior descending coronary artery, but in the

circumflex (Cx) region neither normal vascular structure nor

collateral circulation was evident, suggesting Cx occlusion

(below left). Upon selective right coronary arteriography, the Cx

artery arose as a terminal extension of the right coronary artery,

supplying the Cx region; however, no stenosis was seen (below

right). Left ventriculography showed diffuse hypokinesia. The

patient was transferred to surgery for mitral valve replacement

because of severe left ventricular dysfunction; however, the

operation was cancelled and the patient was treated medically.
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