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Abstract
Objective—To determine whether a single
blood test for the measurement of C reac-
tive protein, or troponin I or T concentra-
tions could be used to stratify patients
with intractable unstable angina awaiting
transfer for coronary angiography by cor-
relating these values with coronary
anatomy and transient myocardial ischae-
mia.
Design—Prospective study.
Setting—Tertiary cardiac unit.
Patients—All patients admitted to their
local hospital with ischaemic chest pain,
uncontrolled by medical treatment, in
whom acute myocardial infarction had
been excluded by serial measurement of
creatine kinase and lack of Q waves on
ECG.
Intervention—Coronary angiography and
ST segment monitoring for 24 hours.
Main outcome measures—Concentra-
tions of C reactive protein, troponins T
and I, coronary anatomy, presence of
transient myocardial ischaemia.
Results—Median C reactive protein, tro-
ponin I, and troponin T concentrations
were 17.1 mg/dl (4.8 to 203.9), 0.05 µg/l (0
to 7.8), and 0.0 µg/l (0 to 2.51), respec-
tively. Seven patients (10%) had normal
coronaries and 14, 20, and 31 had one, two,
or three vessel coronary disease, respec-
tively. Nineteen (26%) had transient myo-
cardial ischaemia, 33 (46%) had complex
lesion morphology, and six (8%) had
intracoronary thrombus. Of the three
markers, troponin T alone was higher in
patients with multivessel disease
(p < 0.05) and in those with transient
myocardial ischaemia (p < 0.05), but
there was no significant relation between
C reactive protein, troponin T or I and
lesion morphology or thrombus.
Conclusions—In patients transferred to a
tertiary centre with intractable chest pain,
C reactive protein and troponin I are not
predictive of transient myocardial ischae-
mia or lesion morphology, both of which
are surrogate markers of outcome. Tro-
ponin T is, however, raised in patients
with multivessel disease or transient myo-
cardial ischaemia. These serum protein
assays cannot be used to stratify the risk of
patients with unstable angina who are
awaiting transfer to the tertiary centre.
(Heart 1998;80:23–27)
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Patients with non-Q wave myocardial
infarction1–3 and unstable angina4 5 are at risk of
subsequent acute myocardial infarction and
cardiac death. The ability to identify which of
the patients in this heterogeneous group are at
highest risk of subsequent acute myocardial
infarction would allow their appropriate strati-
fication into groups that require immediate,
urgent, or routine access to invasive facilities
for further investigation and treatment. Unsta-
ble angina is the product of a pathophysiologi-
cal complex that centres upon thrombus
formation on an atherosclerotic coronary
plaque, embolic occlusion of microscopic
intramyocardial vessels, and vasospasm. There
is accumulating evidence that this process
involves local inflammatory pathways. There is
demonstrable local release of vasoactive
agents—for example, cytokines such as throm-
boxane, leukotrienes, interleukins, and
endothelin-1; attraction of white blood cells
with enhanced adhesion molecule
expression6–8; activation of clotting cascades
and platelets; and defective fibrinolysis.9 10

Markers of endothelial activation and injury,
such as von Willebrand factor and tPA, are
independent predictors of subsequent acute
coronary syndromes in patients with angina.10

In addition, concentrations of C reactive
protein, a sensitive but non-specific marker of
inflammation, have been reported to be raised
in patients with both stable and unstable
angina, as well as in acute myocardial infarc-
tion. Furthermore, some studies have sug-
gested that the concentration of C reactive
protein correlates inversely with outcome in
patients with unstable angina,10–12 while others
have failed to show such a clear cut relation
between the inflammatory marker and the
clinical outcome.13 Nevertheless, one potential
method for identifying high risk unstable
angina patients—who should be investigated
with greatest degree of priority—is to measure
a serum marker of the magnitude of the
inflammatory response. One recent study even
suggested that a single measurement of C reac-
tive protein concentration is associated with
the frequency of subsequent coronary events in
patients with either stable or unstable angina.14

An alternative method for stratifying patients
with unstable angina is to identify those who
have already acquired some degree of myocar-
dial damage or necrosis. Traditionally, in the
absence of electrocardiographic features of Q
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wave infarction, acute myocardial infarction
has been diagnosed when the serial
measurement of cardiac enzymes, most often
creatine kinase (CK) or its MB isoenzyme,
shows a significant rise. Those patients with
acute ischaemia, but without Q waves or such a
rise in CK-MB are thus diagnosed as having
unstable angina. Recently, however, it has
become possible to measure serum concentra-
tions of the cardiac specific proteins, troponins
I and T.15 Both troponin T and I are subunits of
the protein complex that serves to regulate the
interaction between actin and myosin in
myocardial contraction. Several large studies
have shown that the concentration of one or
other of these troponin molecules in the serum
of patients with unstable angina or non-Q wave
myocardial infarction was predictive of
mortality or of non-fatal acute myocardial
infarction.16–19 In these studies protein concen-
trations were measured in the acute phase of
presentation and were predictive of clinical
outcome under these circumstances. However,
conventional treatment for unstable angina in
the United Kingdom involves a period of
intensive medical treatment (usually involving
intravenous infusions of nitrate and heparin),
before referral for angiographic assessment if
and when symptoms do not settle. The tertiary
referral centre therefore receives such patients
anywhere between one and several days from
the original symptoms. It is known, however,
that although the plasma concentrations of tro-
ponins T and I are raised within three to six
hours after the onset of pain in patients with
myocardial damage, they can remain raised in
the blood for five to six days following acute
myocardial infarction.20 21

In this study we have tested the hypothesis
that it is possible to use either C reactive
protein or troponin I or T concentrations as a
means of identifying patients with intractable
chest pain who are at the greatest risk of immi-
nent myocardial infarction or death. Specifi-
cally, our aim was to establish whether concen-
trations of these proteins correlate with
angiographic lesion extent and appearance, as
well as with ST segment shift, both of these
indices having previously been shown to have
prognostic significance22–26 and which we were
therefore able to employ as surrogate markers
of outcome.

Methods
PATIENTS

Seventy two consecutive patients were re-
cruited who had been admitted with unstable
angina that proved refractory to medical treat-
ment in their local hospital. All patients were
transferred to this centre for coronary angio-
graphy within 48 hours of their last episode of
chest pain. Patients who had ECG evidence of
Q wave myocardial infarction or a rise of crea-
tine kinase to more than twice the upper limit
of normal were excluded from the study.
Patients within six months of percutaneous
transluminal coronary angioplasty or coronary
artery bypass surgery were also excluded. No
positive ECG changes were required for inclu-
sion in the study.

All the patients were treated with nitrate
(intravenous or buccal) and heparin
(intravenous or subcutaneous) during their
trial of intensive medical treatment at the
district general hospital. Other antianginal
drug treatment was at the discretion of the local
consultant cardiologist/physician.

ST SEGMENT MONITORING

Upon arrival at this centre, all patients were
immediately fitted with a Holter monitor and
underwent at least 24 hours of continuous ST
segment monitoring before angiography. Re-
cordings were analysed by the same two opera-
tors (CW, DC), and ischaemia was defined as
the presence of at least 1 mm of ST segment
shift from the baseline lasting at least one
minute. The presence of isolated T wave
changes alone was not accepted as evidence of
ischaemia.

ANGIOGRAPHY

Coronary angiography was performed by a
femoral approach in all patients, using biplane
imaging. Magnified views were taken of all
stenoses, subsequently defined as significant
when involving more than 50% of the extralu-
minal diameter, as assessed visually by two
observers who were blinded to the study data.
Lesion morphology was classified according to
the Ambrose criteria27 for all lesions of greater
than 50% severity. Intracoronary thrombus
was defined as either a definite filling defect
surrounded by contrast or abrupt vessel closure
with irregular and convex margins.

PROTEIN ASSAYS

All blood samples were taken from a peripheral
vein as soon as the patient arrived at this centre
and then centrifuged immediately for 10
minutes at 1600 ×g. Serum was then removed
and stored at −70°C until the relevant assays
were performed.

C reactive protein assay
The latex enhanced turbidimetric method
(Beckman Synchron CX 7 analyser; Beckman
Instruments (UK) Ltd, High Wycombe, Buck-
inghamshire, UK) was employed. This pro-
vides within batch precision of 5% with a lower
detection limit of 0.4 mg/dl and an upper limit
of normal of 1 mg/dl. All samples were assayed
in a single batch, which included known
normal and raised C reactive protein samples
as internal controls.

Troponin I and T assays
All samples were analysed together in one ana-
lytical batch. Appropriate internal controls
were included. Troponin I concentrations were
measured using a paramagnetic particle,
chemiluminescent immunoassay (Access
assay; Sanofi Diagnostics Pasteur, Guildford,
Surrey, UK). For this assay the lowest detect-
able concentration of cardiac troponin I
distinguishable from zero with 95% confidence
is 0.03 µg/l, with the upper limit of values in a
normal population being 0.07 µg/l (manufac-
turer’s datasheet). CoeYcient of variance at
three diVerent concentrations was less than
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8%. Troponin T concentrations were meas-
ured by an enzyme linked immunosorbent one
step sandwich assay using streptavidin and
hydrogen peroxide for colorimetric analysis
(Enzymun-Test; Boehringer Mannheim Diag-
nostics, Mannheim, Germany). The lower
detection limit is 0.02 µg/l, with the normal
range lying between 0 and 0.1 µg/l, the
coeYcient of variance being 9% at 0.35 µg/l
and 3.2% at 5.44 µg/l (manufacturer’s datash-
eet). In both cases, as recommended by the
assay manufacturers, any value above 0.1 µg/l
was taken to be abnormal.

STATISTICAL ANALYSES

No assumption was made over whether the
continuous variables in this study were nor-
mally distributed, and data were therefore con-
sistently analysed using the following non-
parametric tests: Mann-Whitney U, Wilcoxon
rank sum tests, and Kruskal-Wallis one way
analysis of variance (ANOVA), as stated at the
relevant stage in the text. Probability (p) values
of less than 0.05 were taken as being
significant.

Results
CLINICAL CHARACTERISTICS

Seventy two patients were included in the
study, of whom 54 (75%) were male and 18
(25%) female; their mean age was 62.9 years
(range 36.0 to 79.1). The demographic data for
this group are given in table 1.
The median time from admission to the dis-

trict general hospital to transfer to this centre
was 9.0 days (range 0 to 21; mean 8.7).

RECURRENT ISCHAEMIA

Nineteen patients (26%) had transient myocar-
dial ischaemia on their 24 hour Holter accord-
ing to the criteria described above.

ANGIOGRAPHIC APPEARANCE

Seven patients (9.7%) had angiographically
unobstructed coronary arteries, and 14, 20,
and 31 patients had one, two, or three vessel
coronary disease, respectively. Three (43%) of
the seven patients with unobstructed coronar-
ies were female, and none was diabetic,
compared with 23% and 9%, respectively, in
the group with coronary disease. Thirty three
(46%) patients had complex lesion morphol-
ogy and six (8%) had intracoronary thrombus.

C REACTIVE PROTEIN AND TROPONIN I AND T

CONCENTRATIONS

The median values (range) of C reactive
protein, troponin I, and troponin T for the 72
patients were 8.7 (4.8 to 203.9), 0.05 (0 to

7.8), and 0 (0 to 2.5), respectively. Using the
Kruskal-Wallis one way ANOVA, there was a sig-
nificant correlation between troponin T con-
centration and number of coronaries diseased
(p = 0.03), but no such relation was seen with
either C reactive protein (p = 0.1) or troponin
I (p = 0.1) concentrations. Troponin T
concentrations were also higher in patients
with transient myocardial ischaemia (using
Wilcoxon rank sum W test; p = 0.04), but the
presence of transient myocardial ischaemia was
not associated with a significant rise in either
troponin I or C reactive protein.
No association between concentrations of

any of the three measured proteins was found
with either lesion complexity or intracoronary
thrombus.

Discussion
The optimal treatment of acute coronary
syndromes remains uncertain. In acute myo-
cardial infarction, evidence for the benefit of
early thrombolysis remains clear cut, particu-
larly in centres without access to immediate
invasive facilities. In patients with non-Q wave
myocardial infarction and unstable angina,
however, thrombolysis is either of no benefit or
is actually detrimental to outcome.28–30 Patients
with unstable angina represent a high risk sub-
group who have ischaemic myocardium that is
at risk of irreversible damage. Distribution of
resources currently demands that the majority
of patients who have been given maximum
medical treatment for their chest pain, includ-
ing intravenous heparin and nitrates, but who
do not settle, must wait for transfer to another
centre for invasive investigation and treatment.
While there is good evidence that measurement
in the acute phase of either the inflammatory
marker protein, C reactive protein,10–12 or the
cardiac specific proteins, troponins I and T,15–19

can provide some information about clinical
outcome in unstable angina, it is still not clear
which of the patients waiting for transfer to a
tertiary centre should be given the highest pri-
ority. In other words, further data are required
to identify which patients may benefit from
aggressive assessment and treatment and which
can be treated conservatively because they are
at relatively low risk for subsequent events.
Recent data from the FRISC study30 and the
TIMI IIIb database18 suggest that troponin T
and I measurement may be valuable tools with
which to attempt this risk stratification. How-
ever, as pointed out in the editorial that
accompanied the TIMI IIIb report,15 an
improved understanding of the link between
these circulating proteins and coronary
anatomy would help to refine this system. It is
tempting to postulate that the more unstable a
plaque, and the more dynamic and reversible
the thrombotic changes that occur overlying
that plaque, then the greater would be the
degree of inflammation (as indicated by C
reactive protein) and the greater the extent of
subclinical myocardial injury (as indicated by
the troponin concentrations). This is the theo-
retical basis of the clinical hypothesis that we
addressed in the current study: can a one oV
measurement of either a marker of inflamma-

Table 1 Demographic data for the study population

Age (years) Mean 63.4 Median 63.7
SD 8.5

Male 54 (75%)
Female 18 (25%)
Smoker (current) 45 (63%)
Hypertensive 19 (26%)
Diabetes mellitus 6 (8.3%)
Hyperlipidaemia 26 (36%)
Family history of IHD 32 (44%)
Significant CAD 65 (90%)

CAD, coronary artery disease; IHD, ischaemic heart disease.
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tion (C reactive protein) or a sensitive marker
of myocardial injury (troponin T and I) be used
to identify those patients with refractory angina
who are at greatest risk of myocardial infarction
and death?
Our study group comprised patients who

had no new Q waves on ECG or CK/CK-MB
evidence for acute myocardial infarction.
There were no specific ECG criteria that these
patients had to fulfil to be included, and the
only inclusion criterion was that they had to be
experiencing ischaemic sounding pain despite
maximum medical treatment, and that the
most recent episode of this pain was within 48
hours of transfer. We have included patients
who were later found to have unobstructed
coronary arteries because these patients repre-
sent an important subgroup that any risk
stratifying test should be able to identify and
thereby accord low priority. Our aim was to
assess the value of these protein assays on one
measurement taken at the time of transfer for
angiography. These measurements were there-
fore being made at a later stage than is the case
in other studies, and the median time from dis-
trict general hospital admission to transfer
reflects both the pressure under which these
invasive facilities are placed and referral
patterns in district general hospitals. Our
method involved the assessment of transient
myocardial ischaemia and angiographic vari-
ables that have previously been shown to
represent predictors of clinical outcome by this
and other groups,22–26 and we have therefore
employed these as surrogate measures of
outcome.
In this study we showed that in patients

transferred to this tertiary centre with intracta-
ble chest pain there was an association between
the concentration of troponin T and both the
number of coronary arteries with stenoses and
the presence of transient myocardial ischaemia,
but no such associations were seen with
troponin I or C reactive protein. No relation
was demonstrable between any of the proteins
tested and lesion morphology in terms of
Ambrose complexity or intracoronary throm-
bus. It is likely, therefore, that a single troponin
T measurement would yield some prognostic
information in such patients, but neither of the
others would be of value for the stratification of
risk in this population. It is tempting to specu-
late that after the initial and acute event
precipitating ischaemia, the inflammatory re-
sponse (causing initial rise in C reactive protein
concentration) had subsided, thus explaining
our failure to show a significant correlation
between C reactive protein and outcome. Cer-
tainly, previous evidence suggests that C
reactive protein concentrations are raised very
early on in the natural course of unstable
angina, so that on admission, for example,
there is considerable prognostic value in the
assay.11 One recent study even suggested that a
single measurement of C reactive protein is
associated with the frequency of subsequent
coronary events in patients with either stable
and unstable angina.14

The concentrations of both troponin T and I
remain raised in the blood for up to 10 days

after an episode involving myocardial
necrosis,20 21 because a large proportion of the
total intracellular amount of protein is bound
up in myofibrils and requires enzymatic degra-
dation under acidotic conditions in order to be
released. It is perhaps more surprising, there-
fore, that there was not a greater positive corre-
lation between the concentration of these two
cardiac specific proteins and our surrogate
outcome variables. It is notable that although
the troponin I concentrations on admission did
provide independent prognostic information
about clinical outcome at 42 days in the paper
by Antman et al,18 there was no significant
association between the concentration and the
number of coronaries with disease or angio-
graphic intracoronary thrombus. Our study
confirms this lack of association, which repre-
sents an important negative finding. It is
unclear why there is an association between
troponin T but not troponin I concentrations
and coronary disease or transient myocardial
ischaemia, although it has previously been
established that the release patterns of the two
proteins is diVerent following myocardial
injury, with troponin T concentrations describ-
ing a characteristic biphasic pattern not shared
by troponin I.31 32 This diVerence in their
release pattern is thought to be a result of the
nature of the intracellular compartmentalisa-
tion of the two proteins, with troponin T
having a large cytosolic pool in addition to the
structurally bound (myofibrillar) component.
There are several limitations of this study.

Patient numbers are small and a larger sample
may provide more information about such
questions as why the concentrations of the two
troponins did not show a closer correlation. A
second limitation is that the patient sample was
selected at diVerent centres and we do not
know the precise population size from which
this sample was taken. Finally, the time from
admission to transfer was surprisingly long,
reflecting mainly the pressure for beds in the
regional centre and to a lesser extent the desire
of local physicians to see their patients treated
medically in the first instance. Blood tests and
Holter monitoring were performed immedi-
ately upon arrival in the tertiary centre and we
are assuming that the results obtained repre-
sent the results that would be obtained if these
tests were performed at the original district
hospital.
Our data suggest that a single measurement

of any of these proteins (C reactive protein,
troponin T, or troponin I) on arrival at the ter-
tiary centre does not provide the physician with
an adequate tool with which to stratify such
patients with confidence into high and low risk
groups.
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