
Abstract
Percutaneous Coronary Intervention (PCI) is the most commonly performed invasive 
therapeutic cardiac procedure and plays an important role in the treatment of ischemic 
heart disease. Complications of Percutaneous Coronary Intervention (PCI) are 
relatively infrequent. The most common complications include discomfort and bleeding 
at the puncture site where the catheter was inserted. Major complications include death, 
MI, or stroke and other infrequent complications include transient ischemic attacks 
(minor myocardial injury), vascular complication and contrast induced nephropathy, 
transient ischemia, or minor myocardial injury (MMI), myocardial necrosis due to 
compromisation of threatened coronary circulation during balloon inflation. Cardiac 
Troponin I (cTnI) assays for the assessment of myocardial injury has been demonstrated 
for the diagnosis of MMI and long term prognosis after PCI.
Keywords: Percutaneous Coronary Intervention; minor myocardial injury; cardiac 
Troponin I. 
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Introduction
In the post Percutaneous Coronary Intervention 
(PCI) periods the most serious risks are death, 
stroke, arrhythmias, nonfatal myocardial 
infarction (MI), and arterial dissection. A heart 
attack during or shortly after the procedure occurs 
in 0.3% of cases; this may require emergency 
intervention1 and minor complications include

transient ischemia (minor myocardial injury). 
Occasionally, PCI creates a small tear (dissection) 
of an internal layer in the coronary artery. Usually, 
the tear is small and heals spontaneously. In some 
cases the tear is corrected with a stent. If the tear is 
severe, causing a blockage in blood flow in the 
artery or loss of blood around the heart, immediate
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treatment is given. This usually includes a repeat 
angioplasty and insertion of a stent. Rarely, a 
person may need urgent bypass surgery. 
Approximately 10 percent of patients develop 
chest pain within 48 hours of their procedure. In 
some cases this pain is caused by a lack of oxygen 
in the heart (ischemia) that occurs when a small 
tear (dissection) develops or pieces of the plaque 
material travel downstream (embolization) or to 
the side branch. Many patients have evidence of a 
very small amount of heart damage after PCI, 
based upon blood testing. In patients who undergo 
PCI with stenting, less than one percent has a heart 
attack large enough to cause a substantial amount 
of damage.2 Concerning the early and late 
complication of PCI techniques like procedure 
induced acute MI, death or need for CABG are 
already the major concerns for the interventional 
cardiologists to get away from these major 
complications. With the invention of stent, use of 
different anticoagulant or antiplatelet drugs during 
procedure as observed by many large trails like 
‘EPISTENT’3 ‘BENESTENT’4, these 
complication rates have significantly been 
reduced. 

While considering minor complication like 
periprocedural transient ischemia, several 
pathphysiologic concepts like side branch 
occlusion, distal embolization, and balloon 
induced vessel trauma have been demonstrated by 
several studies. The prognosis of this minor 
complication is still now not determined clearly, 
but may have a role on late outcome of PCI, 
demonstrated by several studies. This acute 
transient ischemic insult to myocardium, which in 
other way has been termed as minor myocardial 
injury by several investigators are not typically 
followed by raised CKMB level as described in 
ACC/AHA PCI guidelines5 as the indicator of 
ischemia.

Pathogenesis of minor myocardial injury 
(MMI)

The stenosis may then be stented directly or 
predilation before stenting may be done.

Additional balloon dilatation may benecessary 
after deployment of a stent to ensure its 
fullexpansion.

Fig 1: Procedure of Percutaneous coronary 
intervention

Balloon inflation inevitably stops coronary blood 
flow, whichmay induce angina. Patients usually 
tolerate this quite well, especially if they have 
been warned beforehand. If it becomes severe or 
prolonged, ischemic electrocardiographic changes 
are often seen at this time; although they are 
usually transient and return to baseline once the 
balloon is deflated (usually after 30-60 seconds).6

Diagnosis of minor myocardial injury

Several studies7 have shown that rather Troponin-I 
or Troponin-T is much more a good indicator of 
detection of minor myocardial injury in 
comparison to CKMB. The incidences of minor 
myocardial injury due to distal embolization are 
more evident in balloon PCI than direct stenting as 
demonstrated by some observers, though this was 
not supported by some studies. Few studies8 have 
performed to find out and compare the evidences 
of minor myocardial injury evidenced by the PCI 
procedures are not settled, several late breaking 
trials are focusing its role to left ventricular 
systolic and diastolic function.9 Cardiac troponins 
are sensitive and specific markers for the detection 
of minor myocardial injury. However, they have 
been rarely used to monitor myocardial injury 
after coronary stenting. The purpose of the study 
was to measure cardiac troponin-I (cTnI) level



Review Article

Delta Med Col J. Jul 2017;5(2) 96

after elective uncomplicated successful 
percutaneous transluminal coronary angioplasty 
(PTCA) with or without stenting.10

Troponin

Troponin is a complex of three proteins that is 
integral to muscle contraction in skeletal and 
cardiac muscle, but not smooth muscle. Troponin 
is attached to the protein tropomyosin and lies 
within the groove between actin filaments in 
muscle tissue. In a relaxed muscle, tropomyosin 
blocks the attachment site for the myosin cross 
bridge, thus preventing contraction. When the 
muscle cell is stimulated to contract by an action 
potential, calcium channels open in the 
sarcoplasmic reticulum and release calcium into 
the sarcoplasm. Some of this calcium attaches to 
troponin, causing a conformational change that 
moves tropomyosin out of the way so that the 
cross bridges can attach to actin and produce 
muscle contraction. Troponin is found in both 
skeletal muscle and cardiac muscle, but the 
specific versions of troponin differ between types 
of muscle. The main difference is that the TnC 
subunit of troponin in skeletal muscle has four 
calcium ion binding sites, whereas in cardiac 
muscle there are only three.11

The cardiac troponin forms part of the regulatory 
mechanism for muscle contraction. Specific 
cardiac forms of cardiac troponin-T and cardiac 
troponin-I exist and commercially available 
immunoassay systems have been developed for 
their measurement. A large number of clinical and 
analytical studies have been performed and the 
measurement of cardiac troponins is now 
considered the “gold standard” biochemical test 
for diagnosis of myocardial damage. There have 
been advances in understanding the development 
and structure of troponins and their degradation 
following myocardial cell necrosis. This has 
contributed to the understanding of the problems 
with current assays. Greater clinical use has also 
highlighted areas of analytical and clinical 
confusion.13

Cardiac troponin-I (cTnI) is a protein marker 
specific for cardiac muscle with a molecular 
weight of 23000. Together with troponin T and C, 
it forms a structural complex. There are two forms 
of cTnI, free cTnI and cTnI I-T-C complex, which 
are released in blood stream after cardiac damage. 
TnI is found in skeletal muscle (sTnI) as well, but 
it differs in its amino acid composition from cTnI. 
These two TnI can be distinguished 
immunologically. The elevated level can be 
detected approximately 3-12 hours after onset of 
acute myocardial infarction (AMI). Not only TnI 
is specific protein marker for AMI, it also remains 
elevated for 7-10 days after AMI. About 6-8% of 
intracellular cTnT and 2.4-8% of troponin-I has 
been reported to remain in cytoplasm pool. Both 
troponins exhibit characteristic biphasic release 
kinetics following myocardial injury. Release 
from cytoplasmic pool gives rise to peak serum 
concentrations within 24-36 hours after injury, and 
structural protein release leads to a second blunted 
peak 2-4 days after injury. Continued breakdown 
of the myofibrillary-bound complex explains the 
prolonged elevation of both serum troponins after 
myocardial injury.14, 15

Fig 2: Schematic representation of the thin 
filament, showing the spatial configuration of 
three major protein components - actin, 
tropomyocin and troponin12
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Cardiac troponin-I and T have been established as 
reliable and highly heart specific markers of 
myocyte injury. Their background concentrations 
in the circulation are normally undetectable or 
very low and they are therefore sensitive to even 
minor myocardial injury.1

Diagnostic use of troponin

Certain subtypes of troponin (cardiac troponin-I 
and T) are very sensitive and specific indicators of 
damage to the heart muscle (myocardium). They 
are measured in the blood to differentiate between 
unstable angina and myocardial infarction (heart 
attack) in patients with chest pain. A patient who 
had suffered from a myocardial infarction would 
have an area of damaged heart muscle and so 
would have elevated cardiac troponin levels in the 
blood.11

It is important to note that cardiac troponins are a 
marker of all heart muscle damage, not just 
myocardial infarction. Other conditions that 
directly or indirectly lead to heart muscle damage 
can also therefore increase troponin levels -

The increased early sensitivity likely reflects the 
fact that the percentage of troponin released that 
reaches the blood after cardiac injury is greater for 
troponin than for CK-MB. Elevated troponin 
levels then persist in the blood owing to the slow 
release and degradation of the structural pool, 
since the half-life of troponin and its complex is 
about 2 hours. The prolonged window during 
which troponin levels are elevated allows for 
increased clinical detection of cardiac events and 
thus, functionally, greater clinical sensitivity.16

Troponin assays are not only more sensitive but 
are also more specific than CK-MB assays. 
Expression of CK-MB is not unique to the heart. 
CK-MB is found in skeletal muscle and the 
gastrointestinal tract as well as in the uterus of 
pregnant women. Moreover, in patients with 
myopathies, the CK-MB content of skeletal 
muscle can increase markedly to up to 50% of the 
total amount per gram of tissue. In addition, 
CK-MB complexes with immunoglobulin can 
form. Thus, elevated CK-MB levels can occur 
because of analytical problems, macro complexes, 
trauma, rhabdomyolysis, myopathies or renal 
failure (owing to a myopathy), or during the 
peripartum period.16

Saadeddin et al. found that among other cardiac 
markers cTnI and cTnT values were also elevated 
during post procedural period in 29% of cases who 
underwent elective uncomplicated successful 
percutaneous transluminal coronary angioplasty 
(PTCA) with or without coronary stenting. They 
concluded that minor myocardial injury is not 
uncommon after PTCA with or without stenting 
and cTn-I is more sensitive marker for the 
detection of this minor myocardial injury.10

Moreno et al.17 demonstrated that at least one 
adverse event occurred during the stent 
implantation procedure in 34% of the cases; of 
which 38% had subsequent elevated TnI levels. 
They carried out the study by collecting data from 
147 consecutive patients who had undergone 
percutaneous coronary revascularization by means 
of stent implantation and had clinically and 
angiographically satisfactory results. They 
concluded that almost 40% of the patients who 
suffered some adverse event during the procedures 
of stent implantation subsequently presented with 
elevated concentration of TnI. Ricciardi et al.18 
conducted the study by collecting data from 286 
consecutive procedures and found that 
post-intervention myonecrosis-specific Tn-I was

Cardiac  
Cardiac amyloidosis     Critical illness, e.g. sepsis 

    Cardiac contusion     High-dose chemotherapy 
    Cardiac surgery and heart transplant     Primary pulmonary hypertension 
    Defibrillation     Pulmonary embolism 
    Closure of atrial septal defects     Renal failure 
    Coronary vasospasm     Subarachnoid hemorrhage 
    Dilated cardiomyopathy     Scorpion venom 
    Heart failure     Stroke 
    Hypertrophic cardiomyopathy     Very heavy exercise (marathon) 
    Myocarditis  
    Percutaneous coronary intervention  
    Radiofrequency ablation  
    Supraventricular tachycardia  

Non-cardiac  
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