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Objective: To assess the role of cardiac troponin I (cTnI) in predicting outcome after percutaneous coronary
intervention (PCI).
Methods and results: cTnI was measured immediately before and at 6, 14, and 24 hours after PCI in 316
consecutive patients with stable symptoms and native coronary artery disease. The study end point was the
occurrence of major adverse cardiac events (MACE) at 30 days and at 18 months after PCI: death, Q
wave myocardial infarction (MI), or repeat revascularisation in hospital. Postprocedural cTnI increased in
31% of patients. The cumulative MACE rate at 18 months was 25% (17.7% due to repeat PCI procedures).
There was a significant association between postprocedural cTnI increase and death, Q wave MI, or both
(odds ratio (OR) 3.28, 95% confidence interval (CI) 1.7 to 6.4, p = 0.01). Post-PCI cTnI increase had a
positive predictive value (PPV) for adverse events at 18 months of 0.47 and a negative predictive value
(NPV) of 0.96 (OR 18.9, 95% CI 9.7 to 37, p , 0.0001). The presence of both a postprocedural cTnI rise
and a procedural angiographic complication gave a PPV for adverse events of 0.69 and an NPV of 0.92
(OR 22.6, 95% CI 2.6 to 68.6, p = 0.0005).
Conclusions: cTnI increased post-procedurally in one third of this stable patient population undergoing
elective PCI and was independently and significantly predictive of an increased risk of adverse events at 18
months, predominantly in the form of repeat PCI.

P
ostprocedural creatine kinase and its MB isoform
reportedly increase asymptomatically in as many as
26% of patients undergoing otherwise uncomplicated

percutaneous coronary intervention (PCI), with an associated
increase in adverse events in the short and long term.1–3 The
cardiac troponins T and I (cTnI) are highly sensitive and
specific markers of myocardial cell injury and necrosis.4 5 In
addition to the strong diagnostic role of cardiac troponins,
their prognostic value has become increasingly well estab-
lished for patients presenting with acute coronary syn-
dromes.6–10 However, there have been conflicting reports on
the value of troponins in the setting of PCI in stable and
unstable coronary disease.11–15 In this study, we evaluated the
short and long term prognostic value of cTnI in patients
presenting with stable, native coronary disease and under-
going elective PCI.

METHODS
Study population
We prospectively studied patients presenting to our institu-
tion between June 1999 and October 2000 with symptoms of
stable angina16 or functional evidence of silent ischaemia in
the presence of medical treatment. All patients had angio-
graphic native coronary disease deemed suitable for PCI
according to current American College of Cardiology (ACC)/
American Heart Association (AHA) guidelines.16 The study
fully complied with the Declaration of Helsinki and was
approved by our local research ethics committee. All patients
gave their written, informed consent.

Blood sampling and specimen analysis
Blood was sampled for cTnI into tubes without anticoagulant
immediately before and at 6, 14, and 24 hours after PCI. The
samples were centrifuged at 2000 g for 10 minutes and the
serum was separated and stored at 220 C̊ before analysis.
cTnI was analysed quantitatively with the Bayer Immuno-1
assay, a heterogeneous sandwich magnetic separation system

consisting of mouse monoclonal and goat polyclonal cTnI
antibodies. The detection antibodies were labelled with
alkaline phosphatase and addition of substrate subsequently
resulted in a colour change directly proportional to the
analyte concentration. The assay had a detection limit of
0.1 mg/l and an analytical range up to 200 mg/l. The interassay
coefficient of variation was 6% at a concentration of 0.2 mg/l,
which was the manufacturer’s recommended clinical dis-
criminant value for significant myocardial injury and our
chosen cut off value for defining troponin positivity.

Interventional procedures
PCI (balloon angioplasty, stent insertion, and rotational
atherectomy) was carried out according to established
practice at our institution, through 6 French femoral arterial
sheaths and with 2–5000 units (weight adjusted) of heparin
administered at the outset. All the patients were established
on aspirin before PCI. All patients receiving coronary stents
were given a 300 mg loading dose of clopidogrel and 75 mg/
day for four weeks after the procedure.

Study end points and patient follow up
The study end point was the occurrence of major adverse
cardiac events (MACE) in hospital, at 30 days, and at 18
months’ follow up. MACE were defined as cardiac death, Q
wave myocardial infarction (MI), repeat PCI, or coronary
artery bypass grafting (CABG). Q wave MI was diagnosed in
the presence of clinical symptoms, new significant (> 1 mm
depth) Q waves in at least two contiguous ECG leads, and a
creatine kinase-MB concentration . 99th centile of our own

Abbreviations: ACC, American College of Cardiology; AHA,
American Heart Association; CABG, coronary artery bypass grafting;
CI, confidence interval; cTnI, cardiac troponin I; CURE, clopidogrel in
unstable angina to prevent recurrent events; MACE, major adverse
cardiac events; MI, myocardial infarction; NPV, negative predictive
value; OR, odds ratio; PCI, percutaneous coronary intervention; PPV,
positive predictive value
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laboratories’ reference control value. Cardiac troponins did
not form part of our definition, as cTnI was being specifically
assessed as a variable in this study.
Patients were followed up for the study end points by

direct clinical review, telephone interviews, hospital medical
records, and information from the referring physicians.
Patients were not subjected to further coronary angiography
unless it was clinically indicated.

Statistical analysis
Continuous variables were expressed as mean (SD). Non-
continuous (skewed) data were expressed as medians
(interquartile range). Discrete variables were expressed as
counts and percentages. The Student’s t test was used for
comparison of continuous variables and Pearson’s x2 analysis
was used to compare categorical variables. Patients’ peripro-
cedural clinical, angiographic, and procedural variables were
subjected to a stepwise univariate analysis of possible
predictive variables for postprocedural cTnI increase with
the Cox proportional hazards regression model. The same
model was used to identify variables that had a significant
association with postprocedural adverse events. All variables
with a significant univariate association with either post-
procedural cTnI increase or adverse events at follow up were
included in a multivariate proportional odds model and
subjected to further analysis. x2 analysis was also used to
derive the positive (PPV) and negative predictive values
(NPV) of procedural angiographic complications and post-
procedural cTnI increase for clinical outcome. Kaplan-Meier
survival analysis was applied to the postprocedural troponin

positive and negative patient populations. Data were statis-
tically analysed with the SPSS for Windows 10.0.1 (SPSS Inc,
Chicago, Illinois, USA) package. A probability value of
p , 0.05 was considered significant.

RESULTS
Patients
A total of 316 consecutive patients presenting with clinical
symptoms of stable angina and undergoing elective PCI on
native coronary vessels at our institution were included in the
study. Table 1 shows the patients’ demographic, clinical, and
baseline angiographic characteristics.

Procedural and angiographic data
All 316 patients underwent PCI. Percutaneous transluminal
coronary angioplasty alone was carried out on 40 (13%)
patients, 247 (78%) patients had stents inserted, and 29 (9%)
underwent rotational atherectomy with or without concomi-
tant stent insertion. Table 2 summarises procedural and
angiographic data.

Incidence of adverse events among patients with
postprocedural cTnI increase
In-hospital and 30 day follow up was obtained for all 316
patients. Eighteen months’ follow up was obtained for 302
(96%) patients.

In-hospital events
Sixteen (5%) patients had adverse events in hospital: three
(1%) died, 12 (3.8%) had Q wave MIs and two of these
patients and one other needed inpatient CABG (1%).

Table 1 Patient demographic, clinical, and baseline
angiographic data

Number of patients 316
Number of vessels 427
Number of men 224 (71%)
Age (years)* 58.6 (6)
Number aged .70 years 97 (31%)
Risk factors
Smoking 222 (70%)
Diabetes 56 (18%)
Hypercholesterolaemia 199 (63%)
Hypertension 145 (46%)
Family history 153 (48%)

CCS functional class
I 16 (5%)
II 155 (49%)
III 145 (46%)
IV 0

Drug treatment
Aspirin 310 (98%)
b Blocker 183 (58%)
ACE inhibitor 155 (49%)
Calcium antagonist 107 (34%)
Nitrate 186 (59%)
Statin 151 (48%)

LV function
Good (EF .50%) 255 (81%)
Moderate (EF 30–50%) 53 (17%)
Poor (EF ,35%) 8 (2%)

Target vessel
LAD 211 (49%)
LCx 84 (20%)
RCA 132 (31%)

ACC/AHA lesion type:
A 124 (29%)
B 167 (39%)
C 136 (32%)

*Mean (SD).
ACC, American College of Cardiology; ACE, angiotensin converting
enzyme; AHA, American Heart Association; CCS, Canadian
Cardiovascular Society; EF, ejection fraction; LAD, left anterior
descending artery; LCx, left circumflex coronary artery; LV, left ventricle;
RCA, right coronary artery.

Table 2 Procedural and angiographic data of 316
patients

Interventional procedure
PTCA 40 (13%)
Stent 247 (78%)
RA with or without stent 29 (9%)

Multivessel interventions 101 (32%)
Primary angiographic success 298 (94%)
Procedural complications

Occlusive dissection 4 (1.3%)
Non-occlusive dissection 24 (7.6%)
Permanent AVC 3 (0.9%)
Transient AVC 7 (2.2%)
Side branch occlusion 14 (4.4%)
Thrombus 8 (2.5%)
Hypotension 6 (1.9%)
Arrhythmias 4 (1.3%)

Number of patients receiving abciximab 20 (6.3%)

AVC, abrupt vessel closure; PTCA, percutaneous transluminal coronary
angioplasty; RA, rotational atherectomy.

18
16
14
12
10

8
6
4
2
0

Pa
tie

nt
s 

(%
)

Death QWMI Re-PCI CABG

Figure 1 Cumulative adverse events at 18 months’ follow up. CABG,
coronary artery bypass grafting; QWMI, Q wave myocardial infarction;
Re-PCI, repeat percutaneous coronary intervention.
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Events at 30 days
Twenty five (8%) patients had an adverse event by 30 days:
one (0.3%) patient died six days after leaving hospital, six
(2%) patients had repeat PCI (four target lesion revascular-
isations and two de novo lesions), and two (0.6%) further
patients had CABG after leaving hospital and by 30 days.

Cumulative events at 18 months follow up
Figure 1 illustrates the cumulative adverse events at 18
months’ follow up.

Relation between procedural angiographic
complications, postprocedural cTnI increase, and
outcome
Among the total study population of 316 patients, 70 (22%)
patients had procedural angiographic complications (group
1). A total of 99 (31%) patients had postprocedural cTnI
increase (group 2) and 56 (18%) patients had a combination
of both an angiographic procedural complication and a
postprocedural cTnI rise (group 3). The cumulative MACE
rates were 14 of 70 (20%) in group 1, 41 of 99 (41%) in group
2, and 24 of 56 (43%) in group 3.
The predictive values for adverse events at follow up for

each of the three groups were calculated by logistic
regression. The presence of angiographic procedural compli-
cations had a PPV for adverse events of 0.3 and an NPV of
0.93 (odds ratio (OR) 4.4, 95% confidence interval (CI) 2.2 to
8.6, p = 0.0003). The presence of a postprocedural cTnI rise
had a PPV of 0.47 and a NPV of 0.96 (OR 18.9, 95% CI 9.7 to
37, p , 0.0001). The combination of both angiographic
complication and postprocedural cTnI increase gave a PPV
for adverse events of 0.69 and an NPV of 0.92 (OR 22.6, 95%
CI 2.6 to 68.6, p = 0.0005). Figure 2 illustrates this relation.

Independent predictive value of angiographic
complications and postprocedural cTnI increase
A total of 217 of 316 (68.7%) patients had no postprocedural
cTnI increase and 43 (13.6%) of these had angiographic
procedural complications. The presence of angiographic
complications alone had a PPV for adverse events at follow
up of 0.12 and an NPV of 0.95 (OR 2.8, 95% CI 1.7 to 7.8,
p = 0.02).

A total of 246 of 316 (78%) of patients had no documented
procedural angiographic complications and 37 (12%) of them
had a postprocedural cTnI rise. The PPV for adverse events at
follow up of postprocedural cTnI increase alone was 0.52 and
the NPV was 0.95 (OR 11.8, 95% CI 3.4 to 18.5, p , 0.0001).

Relation between maximum postprocedural cTnI
increase and outcome
We retrospectively stratified patients into two groups
according to the maximum postprocedural cTnI concentra-
tions. Group A (n = 186) comprised patients with 1–3 times
the clinical discriminant value—that is, 0.2–0.6 mg/l—and
group B (n=130) comprised patients with . 3 times the
clinical discriminant value—that is, . 0.6 mg/l.
We found that patients in group B had an increased risk of

death or Q wave MI compared with group A in hospital (3.2%
v 1.3%, respectively, p = 0.0002) but not at 30 days
(p = 0.3) or at 18 months’ follow up (p = 0.19). Patients
in group B also had an increased risk of repeat revascularisa-
tion (repeat PCI or CABG) compared with group A (0.95% v
0.32%, respectively, p , 0.01) in hospital but not at 30 days
(p = 0.64) or at 18 months’ follow up (p = 0.77).
Patients in group B had a significantly higher number of

multivessel interventions (p , 0.001), procedural angio-
graphic complications (abrupt vessel closure, side branch
occlusions, and occlusive dissections; p = 0.02), and
ACC/AHA type B or C lesions (p = 0.007) than group A.
There was a significant association between postprocedural

cTnI increase . 0.2 mg/l and the ‘‘hard’’ late events of cardiac
death and Q wave MI (OR 3.28, 95% CI 1.7 to 6.4, p = 0.01).

Univariate logistic regression
Table 3 shows the relation between demographic or
procedural variables and postprocedural cTnI increase within
univariate analysis.

Multivariate analysis
Stepwise logistic regression analysis of the above univariate
associations showed that the presence of procedural angio-
graphic complications was the only variable to retain a
significant relation with postprocedural cTnI increase
(p , 0.0001). Table 4 shows the relation with clinical
outcome at 18 months.
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Figure 2 Predictive values for major adverse cardiac events (MACE) in
the presence of angiographic complications alone (group 1),
postprocedural cardiac troponin I (cTnI) increase (group 2), or both
(group 3). CI, confidence interval; NPV, negative predictive value; PPV,
positive predictive value.

Table 3 Univariate analysis: relation with
postprocedural cardiac troponin I increase

Variable OR 95% CI p Value

Age .70 years 6.5 2.4 to 11.3 0.01
Poor (EF ,35% ) LV function 10.7 4.7 to 15.1 0.001
ACC/AHA lesion type B 5.4 2.0 to 8.6 0.02
ACC/AHA lesion type C 10.8 6.4 to 17.9 0.001
Total balloon inflation .180 s 2.4 1.2 to 5.6 0.04
Procedural complications 23.6 7.9 to 29.2 ,0.0001

CI, confidence interval; OR, odds ratio.

Table 4 Multivariate analysis: relation with clinical
outcome at 18 months’ follow up

Variable OR 95% CI p Value

Diabetes 8.3 2.9 to 12.6 ,0.01
Hypercholesterolaemia 10.8 4.3 to 17.9 ,0.0001
ACC/AHA lesion type B or C 9.5 2.4 to 16.2 0.001
Procedural complications 4.4 2.2 to 8.6 0.0003
Postprocedural cTnI increase 18.9 9.7 to 37 ,0.0001

CTnI, cardiac troponin I.
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Event-free survival according to postprocedural cTnI
Figure 3 shows the Kaplan-Meier survival curves for freedom
from adverse events according to postprocedural cTnI status.

DISCUSSION
Our study was unique in that it specifically assessed clinically
and ‘‘biochemically’’ (that is, with no preprocedural cTnI
increase) stable patients. One of the key questions we set out
to investigate was whether the measurement of cTnI after
PCI conferred any additional diagnostic and prognostic
benefit over the documentation of observed procedural
angiographic complications, such as occlusive dissections
and abrupt vessel closure, which are known to be associated
with an increased risk of adverse outcome.17 18 Our data
showed that the predictive value of postprocedural cTnI
increase was independent of, as well as additive to, that of
documented procedural angiographic complications.
On univariate and multivariate regression analysis, we

found that the variables with a significant association with
adverse outcome were among those established factors
widely used to define risk among patients undergoing PCI.
Our findings were, therefore, in agreement with other reports
of a significant association between post-PCI troponin
increase and poor clinical outcome, with such variables as
lesion complexity, increased thrombus load, and postproce-
dural complications (such as side branch occlusion).19–21

We found that patients with postprocedural cTnI . 0.6 mg/
l were more likely to have undergone multivessel interven-
tions and to have more complex lesion morphologies and
more procedural angiographic complications. The latter
correlations are understandable in view of the established
angiographic and procedural associations with adverse out-
come, but it is more difficult to explain the apparent ‘‘all or
none’’ effect of postprocedural cTnI increase on long term
outcome. It is possible that this is a statistical observation
related to sample size.
Postprocedural cTnI increase was significantly associated

with the hard late events of death and Q wave MI. However,
it was interesting that the greatest component of MACE in
our study was repeat PCI, constituting 70% of the events by
18 months. PCI is in itself an intensely thrombogenic event,
with platelet activation and aggregation, vasoconstriction,
and a local and systemic thrombotic response. This acute
phenomenon may be a potential substrate for subsequent
fibrinous tissue formation and restenosis. It is, however,
notable that not all our repeat PCIs at follow up were target
lesion revascularisations, with 45% being interventions on
previously untreated lesions. This may be explicable by the
‘‘inflammatory field effect’’ theory, whereby coronary lesions
that do not appear angiographically significant at the time of
the original intervention may still form the site of local
inflammatory and thrombogenic activity, resulting in distal

embolisation and troponin release.22 Over the follow up
period, these lesions may subsequently develop into sympto-
matic and angiographically important entities warranting
PCI.

Practical implications
Current clinical practice in most interventional centres is to
measure post-PCI cardiac markers only in the presence of
clinical symptoms or periprocedural complications. However,
our findings would support the concept of routine measure-
ment of troponins within 24 hours after all PCI procedures,
but we accept that this requires much wider prospective
validation before being universally advocated. The concept
that post-PCI troponin measurement would allow the
identification of potential high risk patients is attractive.
Such patients may subsequently be targeted for aggressive
management strategies in an attempt to positively influence
their outcome: they should be more closely monitored after
PCI, be subject to a more stringent follow up policy after
discharge, and have a lower threshold for further investiga-
tion and treatment. A number of drugs, such as b blockers,23

statins,24 and glycoprotein IIb/IIIa inhibitors,25 26 are also
likely to benefit outcome in this subgroup of patients.

Study limitations
The limitations of this study are those inherent to all
prospective, non-randomised registries. There was no angio-
graphic follow up in our study and patients were subjected to
further coronary angiography only on the basis of clinical
symptoms, which is more representative of ‘‘real world’’
practice. Our study predated the results of PCI-CURE
(clopidogrel in unstable angina to prevent recurrent events)27

and only patients receiving coronary stents were treated with
clopidogrel. Similarly, the number of patients receiving a
glycoprotein IIb/IIIa inhibitor was very small and, contrary to
the more recently published supportive data, we did not give
abciximab electively but as a ‘‘bail out’’ in complex
procedures.

Conclusions
Postprocedural cTnI increased in 31% of our patient popula-
tion presenting with clinically and biochemically stable
coronary disease and undergoing elective PCI. In 12% of
these patients, post-PCI cTnI increase was entirely asympto-
matic and occurred in the absence of angiographic procedural
complications. Postprocedural cTnI increase was significantly
predictive of an increased risk of adverse events, predomi-
nantly due to repeat PCI, at 18 months’ follow up. The
prognostic role of postprocedural cTnI increase was indepen-
dent of other variables known to be associated with an
increased risk of adverse outcome.
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Cardiac sarcoidosis with delayed enhanced MRI

A
40 year old Asian male collapsed
while attending a wedding in
India. He initially assumed that

his drinks had been ‘‘spiked’’. He
attended a hospital in India when
further episodes of dizziness occurred.
An ECG showed a brief run of a broad
complex tachycardia. Haematology and
biochemistry were normal as was the
chest radiograph and a transthoracic
echocardiogram. On returning to the UK
he was found to have self terminating
runs of polymorphic ventricular tachy-
cardia at rates of 190 beats/min. A 12
lead ECG was normal as was a repeat
echocardiogram. Coronary angiography
showed no evidence of obstructive
coronary artery disease.
A magnetic resonance imaging (MRI)

scan was performed with a view to
excluding a structural abnormality and
specifically right ventricular dysplasia.
Both ventricles were of normal size and
function. However, on the delayed con-
trast enhanced images, there was hyper-
enhancement of the anteroseptal
segments of the basal and mid thirds
of the left ventricle in an epicardial
distribution (panels A and B). Enlarged
lymph nodes were seen in a pre-aortic

location on the T1 weighted images.
Based on these features a provisional
diagnosis of sarcoidosis was suggested.
Open biopsy of a submandibular lymph
node, located on ultrasound, confirmed
the presence of sarcoidosis. No pulmon-
ary manifestations of sarcoidosis were
seen on the computed tomographic
scan.
An automated implantable cardio-

verter-defibrillator was implanted. The

patient remains well on sotalol, 360 mg/
day, and oral prednisolone, 20 mg/day.
Cardiac MRI should be considered in

patients with rhythm disturbance when
the echocardiogram appears to show an
entirely normal heart.
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