146 THE NEW ENGLAND JOURNAL OF MEDICINE

THE PROGNOSTIC VALUE OF SERUM TROPONIN T IN UNSTABLE ANGINA

CurisTIAN W. Hamym, M.D., Jan RavkiLpg, M.D., WiLLie GEraarDT, M.D., PouL JerGENsEN, M.Sc.,
Epcar Peaem, D.V.M., LarRs LJUNGDAHL, M.D., Brirta Gorpmann, M.D., anp Huco A. Katus, M.D.

Abstract Background. Cardiac troponin T is a regula-
tory contractile protein not normally found in blood. lts
detection in the circulation has been shown to be a sen-
sitive and specific marker for myocardial cell damage.
We used a newly developed enzyme immunoassay for
troponin T to determine whether its presence in the
serum of patients with unstable angina was a prognostic
indicator.

Methods. We screened 109 patients with unstable an-
gina (25 with accelerated or subacute angina and 84 with
acute angina at rest) for serum creatine kinase activity,
creatine kinase isoenzyme MB activity, and troponin T ev-
ery eight hours for two days after admission to the hospi-
tai. The outcomes of interest duririg the hospitalization
were death and myocardial infarction.

Results. Troponin T was detected (range, 0.20 to 3.64
g per liter; mean, 0.78; median, 0.50) in the serum of 33
of the 84 patients (39 percent) with acute angina at rest.

NSTABLE angina is a critical phase of ischemic

heart disease associated with a high risk of myo-
cardial infarction and sudden death.! Postmortem
studies reveal that these fatal events are frequently
preceded by microinfarcts.>® They are the result of the
fissuring of atheromatous plaques with subsequent ac-
tivation of platelets,*® thrombus formation,”'* and
episodic embolization.>* Increased creatine kinase ac-
tivity is found, however, in only a small percentage of
patients with unstable angina."

After the loss of integrity of myocardial-cell mem-
branes in severe ischemia, proteins of the cardiac con-
tractile apparatus, such as the regulatory contractile
protein troponin T, are released into the circulation."
Cardiac troponin T can be differentiated from its iso-
forms in skeletal muscle by immunologic techniques,
and it is not detectable in the serum of healthy people.
Circulating troponin T is therefore a highly sensitive
and specific marker of myocardial-cell injury.

Previous enzyme immunoassays for serum troponin
T were based on the use of affinity-purified polyclonal
antiserum and monoclonal antibodies and were ap-
plied to patients with acute myocardial infarctions.'>!®
Recently, a specific and even more sensitive assay has
been developed that uses two monoclonal antibodies
and provides highly reproducible results in routine

clinical testing.!” We investigated the value of this as-
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Only three of these patients had elevated creatine kinase
MB activity (two were positive for troponin T, and one was
negative). Of the 33 patients who were positive for tropo-
nin T, 10 (30 percent) had myocardial infarction (3 after
coronary-artery bypass surgery), and 5 of these died dur-
ing hospitalization. In contrast, only 1 of the 51 patients
with angina at rest who were negative for troponin T had
an acute myocardial infarction (P<0.001), and this patient |
died (P = 0.03). Thus, 10 of the 11 patients with myocardi-
al infarctions had detectable levels of troponin T; only 1
had elevated creatine kinase MB activity. Troponin T was
not detected in any of the 25 patients with accelerated or
subacute angina, and none of these patients died.
Conclusions. Cardiac troponin T in serum appears to
be a more sensitive indicator of myocardial-cell injury than
serum creatine kinase MB activity, and its detection in the
circulation may be a useful prognostic indicator in patients
with unstable angina. (N Engl J Med 1992;327:1 46-50.) |

say for routine use in patients with unstable angina, to
see whether the presence of cardiac troponin T might
be a useful predictor of prognosis.

MEeTHODS
Patients

"The study population consisted of 109 consecutive patients (29
women and 80 men: mean age [£SD], 62%11 years) who were
hospitalized for unstable angina in four European centers (Aarhus,
Denmark; Helsingborg, Sweden; and Heidelberg and Hamburg,
Germany). When acute myocardial infarction that met the electro-
cardiographic and enzymatic criteria of the World Health Organi-
zation (creatine kinase activity, =200 U per liter)'® was excluded,
the diagnosis of unstable angina was based on the clinical presenta-
tion of chest pain. Patients with myocardial infarction documented
within the previous two weeks who had valvular heart disease or
cardiomyopathy were also excluded. Reviewers unaware of the pa-
tients’ troponin T values categorized them as follows, using Braun-
wald's'? classification of unstable angina: 11 patients were assigned
to class 1 (severe or accelerated angina of new onset), 14 patients to
class 2 (subacute angina at rest —i.e., not active within the previous
48 hours), and B4 patients to class 3 (angina at rest during the
previous 48 hours).

All the patients were given bed rest and an intensive medical
regimen that included nitrates (given orally in 84 patients and intra-
venously in 57), beta-blockers (63 patients), and calcium-channel
blockers (78 patients). All the patients received aspirin or heparin
according to local practice. Standard 12-lead electrocardiography
was performed routinely at the time of admission and during cpi-
sodés of chest pain. The electrocardiograms were evaluated blindly
for evidence of reversible myocardial ischemia, defined as transient
ST elevation, ST depression, and T-wave inversion.

Study Protocol

The study protocol was approved by the ethics committee at the
University of Heidelberg. After infpormed consent was obtained
from each patient, 10 ml of blood was collected within six hours o
admission to the hospital and every eight hours thereafter for two
days. The samples were kept atfoom temperature for 20 minutes t
allow clotiing, were centrifuged, and were then stored at —20°C,
The values listed for troponin T represent the peak concentrations
during each collection period.

All the patients were followed at least until discharge from the






