EDITORIAL

The quest for diagnostic certainty: an unreal
expectation in a real world

€ When I say a word it means what | want it to mean, nothing more and nothing less. )
Humpty Dumpty (Alice through the Looking Glass)

hen is an infarct not an infarct? When it is an
infarctlet, a necroset or a troponinosis.! The
advent of the cardiac-specific troponins as diag-

nostic tests has created confusion in the minds of some car-
diologists. The fact that cardiac troponins may be used to
diagnose previously unsuspected myocardial damage in
patients presenting with acute coronary syndromes, when
acute myocardial infarction (AMI) has been ruled out by con-
ventional World Health Organization criteria, has been amply
demonstrated since the original report by Hamm et al.? The
value of the cardiac troponin in predicting outcome in
patients presenting with both ST elevation myocardial infarc-
tion (STEMI)* and non-ST elevation acute myocardial infarc-
tion (NSTEMIY** has been shown and confirmed by meta-
analysis.® Indeed, in no report has troponin failed to predict
an increased risk of an adverse outcome in patients present-
ing acutely with chest pain. This is a remarkable achievement
for a biochemical test.

At the same time, the cardiospecificity of troponin mea-
surements has been demonstrated in a number of situations,
such as physical training, where it is particularly useful for the
differential diagnosis of cardiac damage in the presence of
elevated values of the more traditional markers such as crea-
tine kinase (CK) and its MB isoenzymes (CK-MB).”#

Possible pitfalls in troponin estimation
The power of troponin measurements has led to two types of
diagnostic confusion. The first pertains to the clinical signifi-
cance of an undetectable troponin value in a patient with
chest pain. The article by Rao and Evans in this issue of The
British Journal of Cardiology (see pages 221-2) illustrates this
point. Three patients are presented, all of whom have nega-
tive troponin but all of whom have cardiovascular disease.
Clearly, the presence of a negative troponin alone does not
preclude the presence of extensive vascular disease. This fact
needs to be appreciated by all those practising in general
medicine, cardiology and the emergency department.

Why should a patient with cardiac disease have unde-
tectable troponin values? There are a number of possibilities.
The first and most important thing to realise is that detectable
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troponin is the marker of an active unstable plague which is
generating platelet aggregates and downstream platelet
embolisation.>™ It is these platelet microemboli which cause
micronecrosis and cardiac troponin release. Paradoxically,
such lesions do not tend to occur on coronary artery stenoses,
which are already flow-limiting, but on previously clinically
silent lesions. In contrast, severely stenotic lesions with down-
stream ischaemia can occur in the absence of troponin eleva-
tion, as is demonstrated in these three cases. The recent
European and British guidelines' recognise this possibility
stating that further testing is required in patients who are tro-
ponin-negative. This reflects the fact that a negative troponin
does not exclude prognostically significant coronary artery
disease. The combination of a negative troponin and a neg-
ative provocative test is, however, a very good indicator of a
favourable outcome.™

The other factor that must be taken into consideration is
timing. Biochemical markers are limited in that their release
follows a distinct kinetic profile. A popular misconception has
arisen that troponin elevation 12 hours from onset of symp-
toms is 100% sensitive. Unfortunately, this is not the case, as
has been illustrated in the results of a recent consensus con-
ference on the use of biochemical markers.”® Rather, 100%
sensitivity is achieved 12 hours from admission to hospital.
The timing of symptoms by patients is unreliable in 50% of
cases. In our own studies of patients with non-ST-segment-
elevation acute coronary syndromes (ACS), we have found
that 100% sensitivity requires at least 12 hours of observa-
tion.

Troponins in clinical context

The second realisation is that elevation of cardiac troponins
occurs in a range of conditions other than acute coronary syn-
dromes. Cardiac troponins are completely specific for cardiac
damage, but cardiac damage can occur in a range of other
situations. These range from the clearly obvious, such as
myocardial laceration, bypass surgery and the severe coronary
vasospasm caused by cocaine, to the more paradoxical inci-
dental elevations noted in patients following a cerebrovascu-
lar accident or pulmonary embolus. It is important to realise
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that in all cases the troponin elevation carries prognostic sig-

nificance, even though its release is a secondary rather than a

primary event.

There is no such thing as a biochemical test for acute
myocardial infarction, but merely a biochemical test which is
specific for myocardial damage. The diagnosis of acute
myocardial infarction is clinical and will remain so. The great
advantage of cardiac troponin is that it provides a specific test
which, in combination with other clinical and electrocardio-
graphic features, as appropriate, allows a highly accurate
diagnosis of AMI in patients with suspected acute coronary
syndromes. This is recognised in the recent consensus docu-
ment on the diagnosis of AMI.™

Elevations of troponin can, therefore, be considered under
three categories:

- primary ischaemic cardiac injury (PICI) occurs with tro-
ponin release corresponding to rupture of an atheroma-
tous plaque

- secondary ischaemic cardiac injury (SICI) occurs due to
ischaemic cardiac damage which is not primarily due to a
ruptured coronary plaque, such as clot or atheroma
embolising distally during PCl

- the third group, non-ischaemic cardiac injury (NICI), occurs
where primary cardiac damage is a result of a non-
ischaemic mechanism.

Examples would include myocarditis, cytotoxic
chemotherapy, cardiac trauma or involvement in some other
multi-organ disease, such as polymyositis. The three cate-
gories of cardiac injury are summarised in table 1. Hence tro-
ponin, like all tests, must be interpreted in the appropriate
clinical context.

Logical assessment of patients

There is clearly a range of pitfalls in using troponin to assess
patients in the emergency department. Can these be recon-
ciled? The answer is yes: the clues are apparent both from
these case reports and from the published literature. A num-
ber of publications have shown that three to six hour obser-
vation periods can be used safely.™'® The essence of these
studies is case selection.

Patients can be divided into three categories. The first are
those that present with definite ECG changes of an acute
coronary syndrome, such as ST segment elevation.
Management of these patients is a ‘no brainer’. The patients
are at high risk and the objective of management is to open
the occluded artery. The second group of patients are those
who are at medium to high risk. These are patients with mul-
tiple risk factors, a suspicious ECG or suspicious clinical fea-
tures. The three cases of Rao and Evans fall into this catego-
ry. The final group are those patients with an atypical history
and a normal ECG who would be considered clinically at low
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Table 1.  Classification of troponin elevation by pathophysiology

Primary ischaemic cardiac injury

Thrombotic coronary ST elevation Ml

artery occlusion due Non-ST elevation Ml (non-Q-wave AMI plus
to platelets/fibrin troponin-positive unstable angina)

Secondary ischaemic cardiac injury
Coronary intervention  Primary PTCA Distal embolisation from
clot or atheroma

Side branch occlusion

Distal embolisation from
atheroma or debris
Side branch occlusion

CABG Global ischaemia from
inadequate perfusion,
myocardial cell protection
or anoxia

Elective PTCA

Cocaine
Catecholamine Head injury, stroke,
storm intracerebral bleed

Sympathomimetics

Pulmonary embolus Presumed right heart strain or hypoxia

Coronary artery spasm  Japan - up to 10% of admissions

Coronary artery Clot
embolisation Air

Coronary artery Vasculitides
inflammation with Connective tissue disease
microvascular occlusion SLE

End stage renal failure More severe CAD but 50% have normal
coronaries

Rhythm disturbances Prolonged tachyarrhythmia or bradyarrhythmia

with [HD

Acute heart failure Only if due to IHD

Direct coronary artery trauma

Extreme marathons Wall motion abnormalities

Extreme training cTn +ve deaths presumed
due to extreme oxygen
debt producing ischaemia

Extreme endurance
exercise

Non-ischaemic cardiac injury

Known causes of Infection Bacterial
myocarditis Viral
Inflammation
Autoimmune Polymyositis
Scleroderma
Sarcoid
Drugs Alcohol
Chemotherapy
Cardiac trauma Direct RTA
Stabbing

Cardiac surgery

Renal failure
Multiple organ failure

Metabolic/toxic

Key: Ml = myocardial infarction; AMI = acute myocardial infarction;
PTCA = percutaneous transluminal coronary angioplasty;
CABG = coronary artery bypass graft; SLE = systemic lupus erythematosus;
CAD = coronary artery disease; IHD = ischaemic heart disease;
RTA = road traffic accident
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risk and sent home. An audit of such cases shows that 5%
with prognostically significant myocardial damage are
missed,"” but it is this group which was considered in the two
studies cited above. In both studies, patients had a prior
probability of AMI of 5%. A completely normal ECG has in
itself a good prognostic outcome and, when combined with
a negative troponin at 4-6 hours from admission, it denotes
a low-risk population. This population is not event-free, as
both studies showed, and further assessment is required.

Conclusions

Troponin measurement provides an excellent tool for the clin-
ician for risk stratification but must be considered as a part of
(and not the whole of) the diagnostic process. Positive tro-
ponins will occur in a range of conditions and clinicians need
to be aware of this. Similarly, a negative troponin does not
exclude significant coronary artery disease. A negative tro-
ponin should be followed up by subsequent appropriate
investigations according to the risk group; within 24 hours of
hospital admission for the high-risk group or via a chest pain
evaluation clinic for the low-risk group. This is the standard
at which we should aim.

The clinical benefits are obvious and it also provides a way
of decongesting blocked hospital beds and trolleys. For a typ-
ical district general hospital, we have estimated the financial
savings of a rapid discharge policy to be of the order of £1.2
million per annum.

References

1. Holmes DR Jr, Berger PB. Troponisms, necrosettes, enzyme leaks, creati-
nine phosphokinase bumps, and infarctlets: what's behind this new lex-
icon and what does it add? Circulation 2001;104:627-9.

2. Hamm CW, Ravkilde J, Gerhardt W et al. The prognostic value of serum
troponin T in unstable angina [see comments]. N Engl J Med 1992,
327:146-50.

3. Stubbs P, Collinson P, Moseley D, Greenwood T, Noble M. Prognostic sig-
nificance of admission troponin T concentrations in patients with
myocardial infarction. Circulation 1996;94:1291-7.

4. Stubbs P, Collinson P, Moseley D, Greenwood T, Noble M. Prospective
study of the role of cardiac troponin T in patients admitted with unsta-
ble angina [see comments]. BMJ 1996;313:262-4.

5. Lindahl B, Venge P, Wallentin L. Relation between troponin T and the risk
of subsequent cardiac events in unstable coronary artery disease. The
FRISC study group [see comments]. Circulation 1996;93:1651-7.

6. Olatidoye AG, Wu AH, Feng YJ, Waters D. Prognostic role of troponin T
versus troponin | in unstable angina pectoris for cardiac events with
meta-analysis comparing published studies. Am J Cardiol 1998;81:1405-
10.

VOLUME 9 ISSUE 4 - APRIL 2002

10.

1.

12.

13.

14.

15.

16.

17.

Collinson PO, Chandler HA, Stubbs PJ, Moseley DS, Lewis D, Simmons
MD. Measurement of serum troponin T, creatine kinase MB isoenzyme,
and total creatine kinase following arduous physical training. Ann Clin
Biochem 1995;32(Pt 5):450-3.

Artner-Dworzak E, Mair J, Seibt I, Koller A, Haid C, Puschendorf B.
Cardiac troponin T identifies unspecific increases of CKMB after physical
exercise. Clin Chem 1990;36:1853.

Falk E. Unstable angina with fatal outcome: dynamic coronary thrombo-
sis leading to infarction and/or sudden death. Autopsy evidence of recur-
rent mural thrombosis with peripheral embolization culminating in total
vascular occlusion. Circulation 1985;71:699-708.

Davies MJ, Thomas AC, Knapman PA, Hangartner JR. Intramyocardial
platelet aggregation in patients with unstable angina suffering sudden
ischemic cardiac death. Circulation 1986;73:418-27.

Bertrand ME, Simoons ML, Fox KA et al. Management of acute coronary
syndromes: acute coronary syndromes without persistent ST segment
elevation. Recommendations of the task force of the European Society
of Cardiology [in process citation]. Eur Heart J 2000;21:1406-32.
Lindahl B, Andren B, Ohlsson J, Venge P, Wallentin L. Noninvasive risk
stratification in unstable coronary artery disease: exercise test and bio-
chemical markers. FRISC Study Group. Am J Cardiol 1997,80:40E-4E.
Wu AH, Apple FS, Gibler WB, Jesse RL, Warshaw MM, Valdes R Jr.
National Academy of Clinical Biochemistry Standards of Laboratory
Practice: recommendations for the use of cardiac markers in coronary
artery diseases. Clin Chem 1999;45:1104-21.

Myocardial infarction redefined - A consensus document of the joint
European Society of Cardiology/American College of Cardiology com-
mittee for the redefinition of myocardial infarction [in process citation].
Eur Heart J 2000;21:1502-13.

Hamm CW, Goldmann BU, Heeschen C, Kreymann G, Berger J, Meinertz
T. Emergency room triage of patients with acute chest pain by means of
rapid testing for cardiac troponin T or troponin I. N Engl J Med 1997,
337:1648-53.

Herren KR, Mackway-Jones K, Richards CR, Seneviratne CJ, France MW,
Cotter L. Is it possible to exclude a diagnosis of myocardial damage with-
in six hours of admission to an emergency department? Diagnostic
cohort study. BMJ 2001;323:372.

Collinson PO, Premachandram S, Hashemi K. Prospective audit of inci-
dence of prognostically important myocardial damage in patients dis-
charged from emergency department. BMJ 2000;320:1702-5.

Paul Collinson

Consultant Chemical Pathologist

Second Floor, Jenner Wing, St George's Hospital,
Blackshaw Road, London, SW17 0QT.

Peter Stubbs

Consultant Cardiologist

Mayday Hospital, London Road, Thornton Heath,
Croydon, Surrey, CR7 7YE.

Correspondence to: Dr P Collinson

(email: poctrop@poctrop.demon.co.uk or
paul.collinson@stgeorges.nhs.uk)

197



