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Use and interpretation of cardiac troponin testing

Introduction

Cardiac troponins are components of
cardiac muscle which have a regulatory
role in muscle contraction. Over the last
15years, serum troponin assays have
replaced older, less sensitive cardiac mark-
ers such as CK-MB (creatinine kinase
myocardial band) for the diagnosis and
risk stratification of patients with sus-
pected myocardial infarction. The availa-
bility of troponin assays has undoubtedly
reduced the number of patients with a
missed diagnosis of cardiac ischaemia.
However, a positive troponin test is not
enough by itself to make a diagnosis of
myocardial infarction. Although detec-
tion of circulating troponin specifically
indicates myocardial cell injury, it does
not provide any information about the
causal mechanism. In fact a wide range of
disorders can result in cardiac cell damage
and consequently a rise in serum tro-
ponin levels.

While this is increasingly appreciated, it
is not uncommon to come across patients
treated for acute coronary syndrome on
the basis of elevated troponin levels alone,
in some cases resulting in delayed or
missed diagnosis of other serious patholo-
gy. This article gives a practical guide to
troponin testing and interpretation.

What is troponin?
Troponin is a protein found in skeletal and
myocardial cells, which was discovered by
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Ebashi in 1963. The protein forms part of
the cytoskeleton that gives muscle cells
their structure and facilitates muscle con-
traction (Figure 1) (1able I).

Troponin is made up of three subunits:
troponin I, troponin T and troponin C.
Myocardial cells contain a unique form of
all three subunits. When cardiac muscle
cells are injured, regardless of the cause,
cardiac troponin is released into the blood-
stream. Its detection acts as a specific
marker of myocardial cell injury (Adams et
al, 1993), but gives no information about
the mechanism of injury. There is no level
of troponin which proves that ischaemia is
the cause.

How is troponin level
measured?

Cardiac troponin I and troponin T have a
unique N-terminal amino acid sequences
which can be detected using specific anti-
bodies. Five assays are commercially avail-
able for cardiac troponin I and one for
cardiac troponin T. In the bloodstream
cardiac troponin I and cardiac troponin T
circulate in different forms. Each assay has

a different sensitivity for the different
forms, which leads to variability in the
precise level of troponin measured, so
results from different assays are not directly
comparable (7able 2).

With these standard troponin assays, the
majority of people have undetectable or
very low levels of circulating troponin. The
level of troponin that is considered ‘posi-
tive’ is arbitrarily set at the 99th percentile
of the level found in a reference healthy
population (Newby et al, 2012). By defini-
tion this means that a small proportion of

Table 1. Troponin

Protein complex composed of three subunits I, T
and C

Troponin has a regulatory role in muscle
contraction

Troponin subunits have a unique structure in
cardiac muscle

Troponin is released into the bloodstream in
myocardial injury

Troponin | and troponin T have a unique
N-terminal, which can be detected using assays

Figure 1. Function of troponin as a regulatory protein. In the cytoskeleton troponin binds another
protein called tropomyosin in the groove between actin filaments. After electrical excitation of muscle
cells, intracellvlar calcivm levels rise. Calcium binds to troponin causing it to change shape and expose
the active sites on actin filaments, allowing the formation of myosin crossbridges, leading to muscle

contraction.

Troponin C Troponin T

Troponin |

=

~

Tropomyosin

Ca** absent

Ca?* present

Relaxed muscle state

Thin filament
of sarcomere

Contracted muscle state

British Journal of Hospital Medicine, September 2015, Vol 76, No 9

C135




CORE

TRAINING

healthy people will have troponin levels
that would be considered ‘positive’.

A new generation of high sensitivity tro-
ponin T assays has been developed and is

Table 2. Troponin measurement

Antibody assays are used to detect cardiac troponin
in bloodstream

Antibody assays by different manufacturers have
different sensitivity and specificity

A standard troponin test is considered positive if
the level is above the 99th percentile of a sample
healthy population

High sensitivity froponin assays can defect the
protein in 95% of a healthy population sample

Figure 2. Troponin release kinetics. a. Major
myocardial injury. b. Minor myocardial injury.
¢. Myocarditis.

currently in use in many UK centres. These
newer assays are able to detect very low lev-
els of circulating troponin with detection
rates of up to 95% in a reference healthy
population (Vafaie et al, 2013). In clinical
practice this enables detection of myocardial
cell injury earlier than with conventional
assays. The National Institute for Health
and Care Excellence (2014) has approved
two high sensitivity troponin assays to
exclude acute coronary syndrome in the
emergency department. Centres throughout
the UK may use different assays.

Troponin kinetics

Following a myocardial infarction, stand-
ard troponin tests become positive within
4-9hours, the level peaks at 12-24hours
and remains elevated for up to 14 days. As
noted above, high sensitivity troponin

myocardial damage. Patients presenting
with acute ST elevation myocardial infarc-
tion who are successfully reperfused show a
smaller area under the troponin release
curve than patients who are not reperfused,
although their peak troponin level may
actually be higher (Figure 3). A single tro-
ponin measurement cannot therefore reli-
ably indicate the amount of cell damage.

Timing of troponin testing

Protocols for troponin testing in patients
with suspected acute coronary syndrome
vary between hospitals and depend upon
the assay available locally. With standard
troponin assays, a baseline troponin level
should be taken at the time of admission,
and if this is negative or comorbidity is
present (see below), a second test should be
performed 10-12hours after the onset of

assays become positive more quickly. Three ~ symptoms.
hours after the onset of symptoms, approx- With high sensitivity troponin assays the
imately 40% of patients with an acute repeat sample can be obtained earlier, at
= 50+ coronary syndrome will have a positive ~ 3-6hours from symptom onset. A positive
£ 5 standard troponin test, but close to 100%  result is considered present if the admission
=z 99th will have a positive high sensitivity tro-  troponin level is below the upper reference
E 0.5 percell]h[(; ponin assay. Other mechanisms of myocar-  limit of the assay, and the repeat level is
E‘0.0S - dial injury are associated with different  both above the upper reference limit and
———— troponin release patterns as illustrated in  there is a 50% or greater rise between the
01 23 4567 8 Figure 2. two. If the admission level is already above
a Days after event If multiple troponin tests are taken, then  the upper reference limit, then a positive
the area under the troponin curve can be  result is present if there is a 20% or greater
used as a measurement of the magnitude of  rise in the level between the two samples.
Figure 3. Troponin release in ST elevation myocardial infarction, with and without reperfusion.
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Use of troponin test results in

A . .
patients with chest pain
It is important to note that the vast major-
ity of patients presenting with chest pain
do not have an acute coronary syndrome.
A retrospective cohort study (Christenson
et al, 2004) examined over 8000 patients
presenting with non-traumatic chest pain.
Only 10% of these patients were found to
have a myocardial infarction and only 22%
had unstable or stable angina. No cardiac
ischaemia or serious cause of chest pain was
found in 30% of patients.

Acute coronary syndrome is an umbrella
term describing a spectrum of clinical pres-
entations that share the same underlying
cause — an unstable coronary plaque.
Clinical presentation depends upon the
duration and degree of occlusion of the
affected vessel, and includes unstable angi-
na, non-ST elevation and ST elevation
myocardial infarction. Diagnosis of acute
coronary syndrome is based on a suggestive
history plus or minus appropriate electro-
cardiogram changes or imaging evidence of
ischaemia. The troponin result separately
determines whether myocardial infarction
has or has not occurred — a negative tro-
ponin does not exclude acute coronary
syndrome.

A positive troponin, as noted above, is a
specific marker of myocardial cell damage,
i.e. myocardial infarction. However, not
all myocardial infarction is caused by the
same mechanism (Figure 4). Table 3 lists
the five types of myocardial infarction
(Thygesen et al, 2007). Clinical trials
showing the benefit of medications such as
low molecular weight heparin (Anon,
1996) and dual antiplatelet agents
(Steinhubl et al, 2002) only recruited
patients with myocardial infarction caused
by coronary artery plaque rupture (type 1
myocardial infarction). In patients with
other types of myocardial infarction, these
treatments may be harmful. For example
in type 2 myocardial infarction caused by
severe anaemia the management will be
quite different. In addition, patients with
unstable angina will benefit from acute
coronary syndrome treatment and may be
at high risk of mortality, and yet whose
troponin is by definition negative. From
this it is clear that relying on troponin
results alone to decide who to treat — or
not treat — for acute coronary syndrome is
incorrect.

Instead, the value of troponin results lies
in risk stratification. Several scoring sys-
tems (such as the GRACE score) can be
used to predict the risk of death and mor-
bidity following an acute coronary syn-
drome (Henderson, 2013). Scoring incor-
porates several variables including tropon-
in, age, renal function, left ventricular fail-
ure and electrocardiogram changes. High
and medium risk patients are likely to ben-
efit from an early invasive strategy with a
view to percutaneous or surgical revascu-
larization, whereas low risk patients (which
will include some patients with positive
troponin results) can be managed with an
initial conservative strategy.

In patients who present with chest pain
less than 14 days after a myocardial infarc-
tion or revascularization procedure the
baseline troponin level may remain elevat-
ed from the original myocardial infarction,

and so paired samples are required and
again a rise of >20% is considered positive.

What other conditions can cause

a positive troponin?

Any condition that results in myocardial
damage will cause a rise in serum troponin
levels, not just ischaemia (Newby et al,
2012) (Zable 4). A single elevated troponin
level, no matter how high, can be caused
by any of the conditions listed in 7zble 4.
This highlights the danger in using tro-
ponin as a screening test for acute coronary
syndrome, as a positive level may broaden
rather than narrow down the differential
diagnosis. In patients with one or more of
these conditions, a raised troponin level (or
even a rise between paired samples) does
not necessarily indicate that acute coronary
syndrome treatment is beneficial. Trials
interventions such as low molecular weight

Figure 4. The mechanism of type 1 and type 2 myocardial infarction.
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Myocardial infarction
type 2

Fixed atherosclerosis and
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Supply-demand

imbalance alone
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Table 3. The five types of myocardial infarction and their mechanism

Type  Mechanism

1 Spontaneous myocardial infarction caused by coronary artery disease such as
atherosclerotic plaque rupture

2 Infarction caused by myocardial ischaemia as a result of an imbalance between oxygen

supply/demand to the cardiac muscle. Examples include coronary spasm, arrhythmia, anaemia and
hypotension. Treatment should address the underlying cause

3 Myocardial infarction suspected to be the cause of sudden death

4 Myocardial infarction associated with percutaneous coronary intervention or stent thrombosis

Myocardial infarction associated with coronary artery bypass grafting
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heparin, fondaparinux, antiplatelet agents
and revascularization routinely excluded
patients with any significant comorbidity,
so even if acute coronary syndrome is
present it is far from clear that these treat-
ments will be beneficial.

How should a raised troponin
level be interpreted in patients
with heart failure?

Patients with acute and chronic heart fail-
ure may have raised troponin levels wheth-
er or not they have underlying coronary
disease (Kociol et al, 2010). The mecha-
nism of troponin release in heart failure is
not fully understood. Current thinking is
that troponin release in heart failure results
from a combination of myocardial cell
injury and increased permeability of myo-
cardial cells (Newby et al, 2012).

Table 4. Conditions other than acute

coronary syndrome that lead to
troponin elevations

Cardiac Heart failure
Cardiomyopathies
Arrhythmia

Endocarditis

Cardiac tumours

Aortic dissection

Post cardiac transplantation
Post cardiac surgery
Pulmonary  Pulmonary embolism

Chronic obstructive pulmonary

disease exacerbation
Haematological Primary amyloid

Primary haematological conditions
Other Sepsis

Severe metabolic conditions,
e.g. diabetic ketoacidosis

Chronic kidney disease
Rhabdomyolysis

Autoimmune and connective
fissue disease

Subarachnoid haemorrhage
Post non-cardiac surgery
Thermal injury

Toxin induced

Strenuous exertion,
e.g. marathon runners

An elevated troponin level in the context
of heart failure indicates a worse prognosis
as demonstrated in the ADHERE study
where heart failure patients with an elevated
troponin level had a higher in-hospital
mortality rate (Peacock etal, 2008). Routine
measurement of troponin in these patients
offers no diagnostic benefit or management
guidance. Troponin should only be meas-
ured if acute coronary syndrome is sus-
pected to be the underlying cause of heart
failure. A careful history of symptoms
onset, preceding chest pain, serial electro-
cardiogram and comparison with old elec-
trocardiograms may help to unveil a diag-
nosis of acute coronary syndrome.

In patients presenting with acute decom-
pensation of heart failure, acute coronary
syndrome is only one of a number of pos-
sible causes. If the patient is known to have
heart failure as a result of non-ischaemic
causes, an acute coronary syndrome is very
unlikely to be the cause of an episode of
decompensation.

How should a raised troponin
level be interpreted in J)utients
with renal impairment?

Chronic kidney disease and dialysis patients
present a diagnostic and therapeutic chal-
lenge with regards to acute coronary syn-
drome. These patients are at risk of coro-
nary disease and carry a worse prognosis
from myocardial infarction (Sarnak et al,
2003). They often present with atypical
symptoms, interpretation of troponin lev-
els is complicated and therapeutic options
must be carefully considered.

With regards to troponin, chronically
raised levels are commonly found in
patients with moderate—severe renal
impairment and those on dialysis. Although
the evidence is not conclusive a baseline
elevation of cardiac troponin in these
patients is thought to be caused by reduced
renal clearance. The pathophysiology is
unclear as troponin molecules are too large
to be filtered by the kidneys. Troponin T is
broken down into smaller fragments that
may be filtered by the kidneys (Diris et al,
2004).

Focusing on history, clinical and electro-
cardiography findings suggestive of acute
coronary syndrome is reiterated. Troponin
should only be requested when acute coro-
nary syndrome is suspected, and serial
measurements are likely to be needed.

. .
How should a raised troponin
level be .mtergreied in critical
care patients?

Diagnosis of myocardial infarction in
patients in a critical care setting is espe-
cially challenging. Sedation makes it diffi-
cult to gain a history, subtle electrocardiog-
raphy changes may be missed and ino-
tropic support among other things makes
it difficult to use imaging techniques to
assess ischaemia. Elevated cardiac troponin
levels are commonly found in patients on
the intensive care unit irrespective of their
diagnosis. Studies in unselected patients in
a critical care setting have shown that as
many as 43% have a positive troponin test
(Lim et al, 2006). A large proportion of
such elevations are caused by sepsis, pul-
monary embolism, atrial fibrillation and
renal failure, whereas myocardial infarction
accounts for only around 30% (Hamilton
et al, 2012). As a result, a single elevated
troponin level is of little diagnostic utility
in this patient group, and even a rise in
troponin on serial testing can be difficult to
interpret in the context of severe coexisting
illness. Additional tests such as serial elec-
trocardiography and in some cases echo-
cardiography may be helpful.

The presence of an elevated troponin
level in a critical care patient indicates an
adverse prognosis. A meta-analysis by Lim
et al (2006) showed increased risk of death,
longer stay in the intensive care unit and
increased length of hospital stay in patients
with elevated troponin levels. However,
troponin measurement in critical care
patients to assess prognosis is not routine
practice at the present time.

How should a troponin elevation
be interpreted in patients
post-surgery?
Surgical procedures can lead to myocardial
injury through a variety of mechanisms;
haemodynamic changes, coronary plaque
rupture or arrthythmia to name but a few.
Troponin rise can result from any of these
mechanisms and is associated with a worse
prognosis (Vascular Events In Noncardiac
Surgery DPatients Cohort Evaluation
(VISION) Study Investigators et al, 2012).
This group of patients is often asympto-
matic and electrocardiography changes
may be non-specific, making it very diffi-
cult to identify the cause of troponin
release. When troponin rise is thought to
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be caused by coronary plaque rupture (type
1 myocardial infarction), the risk of post-
operative bleeding on dual antiplatelet
therapy must be carefully considered.

It is very important to be clear why the
test is being requested and how the result
will change management. Troponin should
not be used to screen postoperative patients
for acute coronary syndrome in the absence
of symptoms or electrocardiography
changes.

Syncope

Syncope forms 3% of presentations to the
emergency department and 6% of medical
admissions. Most cases are caused by
benign pathology. Sinister cardiac causes
such as arrhythmia, severe aortic stenosis
and acute coronary syndrome are rare
(Lindner et al, 2013). Indeed it is very
unusual for patients with acute coronary
syndrome to present with syncope.

A retrospective study looked at 121
patients who presented to the emergency
department with syncope and had a cardiac
troponin measurement requested on pres-
entation (Lindner et al, 2013). Around
42% had a raised troponin level with seven
patients showing a dynamic change. Three
patients underwent diagnostic coronary
angiography, all three were normal. After
investigation, none of the 121 patients
were found to have any evidence of coro-
nary disease.

The use of troponin as a screening tool
for acute coronary syndrome in patients
presenting with syncope is not uncommon
but yields no diagnostic benefit (since sev-
eral other conditions which may present
with syncope, such as pulmonary embo-
lism, are also associated with elevated tro-
ponin levels) and may delay the real diag-
nosis. Without a history suggestive of
acute coronary syndrome treating such
patients with antiplatelet therapy may
cause harm by unnecessarily increasing

bleeding risk.

Arrhythmia

Tachyarrhythmias commonly encountered
in clinical practice such as atrial fibrillation
and ventricular tachycardia can cause a
troponin rise in the absence of underlying
coronary disease or haemodynamic com-
promise (type 2 myocardial infarction)
(Kanjwal et al, 2008), particularly if pro-

longed. In this group of patients, a positive

troponin alone should not be considered
sufficient evidence to treat the patient for
acute coronary syndrome, and if the histo-
ry and electrocardiogram do not support a
diagnosis of acute coronary syndrome tro-
ponin testing is unlikely to be helpful.

Other novel cardiac markers
There are other biomarkers that may be
helpful in assessing patients with acute
coronary syndrome. At present, they are
not used in routine clinical practice in the
UK.

A detailed description of these biomark-
ers is beyond the scope of this article, but
three
Mpyeloperoxidase is a protein secreted by
their
Elevations in myeloperoxidase have been

examples are  mentioned.

neutrophils  after activation.
associated with worse prognosis in patients
with acute coronary syndrome (Baldus et
al, 2003). Elevated myeloperoxidase levels
have also been associated with elevated
cardiac risk.

The second example is heart type fatty
acid binding protein. This protein is found
in myocardial cells, and it is involved in the
uptake and buffering of free fatty acids.
Elevations in this biomarker are associated
with higher rates of re-infarction and death
in patients with acute coronary syndrome
(Viswanathan et al, 2010).

The third biomarker, called ischaemia
modified albumin, is a biomarker specific
for ischaemia. In patients with acute coro-
nary syndrome elevated levels are associat-
ed with higher mortality (Van Belle et al,
2010).

In the future these novel biomarkers may
be used in combination with cardiac tro-
ponin to assess prognosis in patients with
acute coronary syndrome.

Conclusions

The availability of troponin assays has
undoubtedly reduced the number of
patients with a missed diagnosis of cardiac
ischaemia. Troponin levels can provide
prognostic
patients with myocardial infarction, but

important information in
should be used as part of a risk score, such
as the GRACE score. While a positive tro-
ponin test reflects myocardial injury, it
gives no clue to the underlying mechanism,
and is not enough alone to diagnose an
acute coronary syndrome. The majority of
patients presenting to hospital with chest
pain do not turn out to have an acute coro-
nary syndrome. A wide variety of condi-
tions can cause myocardial injury and tro-
ponin release, and while some of these
conditions present with clinical features
which make confusion with myocardial
infarction unlikely, others such as pulmo-
nary embolus or aortic dissection can have
similar symptoms.

With the advent of high sensitivity
assays, damage to just a few myocardial
cells is enough to result in a positive test.
While this reduces the chance of missing a
small myocardial infarction, it also increas-
es the chance of finding a positive result in
a patient who does not have myocardial
infarction.

Relying on troponin alone to determine
when to treat for acute coronary syndrome
is incorrect and may result in other impor-
tant diagnoses being missed. This is par-
ticularly true in patients with conditions
associated with baseline troponin eleva-
tion, such as heart failure and renal failure.
Troponin results must always be interpret-
ed in light of the patient’s symptoms, elec-
trocardiogram and past medical history,
never alone (Figure 5). BJHM

not just ischaemia.

alone.

KEY POINTS

B Elevated levels of cardiac froponin are caused by a wide range of cardiac and non-cardiac conditions,

B Only a minority of patients presenting with chest pain will have a final diagnosis of acute coronary
syndrome. Approximately a third will have no evidence of any serious underlying cause of pain.
Troponin should only be requested when acute coronary syndrome is suspected.

B Acute coronary syndrome should never be diagnosed on the basis of an elevated troponin level

Conversely, do not exclude a cardiac cause just because of a negative troponin result.

Novel biomarkers may be used in future to assess prognosis after acute coronary syndrome.
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TOP TIPS

W Establish the onset of symptoms and any
exertional element.

B Gain a dear history of the patient’s usual
exercise folerance.

B Symptoms of acute coronary syndrome can
be typical (cardiac sounding chest pain) or
atypical (shortness of breath, epigastric or
back pain, uncontrolled blood glucose in
patients with diabetes).

®  Ask about any past history of angina or
acute coronary syndromes.

B Establish and clearly document risk
factors of atherosclerosis (smoking,
diabetes, cholesterol, family history and
hypertension).
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