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To examine the frequency and cause sof periprocedural myocardial
infarction (PMI) in complex coronary interventions.

This cross sectional study was conducted at catheterization
laboratory of Gulab Devi Chest Hospital, Lahore in 6 months duration from June
2016 to January 2017. Patients aged between 30 to 80 years undergoing
complex coronary interventions were included. Blood samples for creatine
kinase-MB evaluation were drawn at three different times i.e. Once before
procedure, 8-10 and 24 hours after the procedure. CKMB level >3× ULN was
considered as PMI. Association of different factors with PMI was also observed.

A total of 72 consecutive patients were included in the study.Mean age
of patients was 53.65+11.84 years. There were 56(77.78%) males. PMI was
detected in 14 (19.44%)patients, with 3–5× ULN in 13.88% and >5× ULN in
5.55% of patients. Statistics of study showed that revascularization of left main
stem lesion (1.38 % vs 0 %, p=0.04), in-stent restenosis (2.77 % vs 1.38 %,
p=0.03) and procedural complications such as side branch occlusion
(1.38%vs0%, p=0.04) and slow/no reflow (4.16 % vs 1.38 %, p=0.004)were
significantly associated with CKMB elevation following complex coronary
intervention.

PMI is common in patients undergoing complex coronary
interventions.

Complex coronary intervention, Creatine kinase MB, No reflow,
Periprocedural myocardial infarction.
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Frequency and causes of periprocedural myocardial infarction in complex coronary interventions

INTRODUCTION

METHODOLOGY

Percutaneous coronary intervention (PCI) is a non-surgical
technique used to treat the stenotic coronary artery diseases.
Balloon inflation during angioplasty regularly results in transient
ischemia. The most notable hazards associated with myocardial
ischemia are myocardial infarction (MI),stroke, ventricular
fibrillation, myocardial localized necrosis and death. Among
these events, periprocedural MI, which can range from small
increase in cardiac enzymes to large sized infarct, is the most
common and devastating complication. With development of PCI,
especially the use of drug eluting coronary stents and anti-platelet
agents during the procedure, the frequency of cardiovascular
events have decreased but periprocedural MI (PMI) is still a
common complication to be faced, occurring in between 5 to 44%
of the cases, depending on lesion and patient characteristics and
procedure related factors. About one third of all elective PCI
procedures are significantly associated with PMI which has been
associated with increased later mortality. Necrosis may occur in
significant coronary dissection or a side branch occlusion,
treatment of multiple vessels, use of rotablation, slow or no reflow
and distal embolization. Cardiac biomarker elevation before PCI
is primarily because of plaque rupture, epicardial thrombosis, and
myocardial injury. World Health Organization meaning of MI
required 2 of 3 criteria, including clinical indications, ECG
variation from the normal, and creatine kinase (CK) rise. By
tradition, increase of biomarkers more than 3 times have been
considered as PCI-related MI. CK-MB levels increase within 3-12
hours of the onset of injury, reaches to peak within 24 hours, and
come back to pattern after 48-72 hours showing localized tissue
necrosis. Even a minor increment in the post-PCI cardiac
biomarkers is significantly associated with poor short and long
term results.

Frequency and association of periprocedural MI with complex
coronary interventions was examined in this study. No study has
been conducted on local population regarding the association of
various factors with PMI. This study will also contribute to a better
understanding of the causes of PMI so as to guide planning to
reduce the incidence and complications rate. If PMI incidence can
be reduced, clinical outcomes would be expected to improve.

This cross sectional study was conducted at catheterization
laboratory of Gulab Devi Chest Hospital, Lahore in 6 months
duration from June 2016 to January 2017.Patients undergoing
complex coronary interventions were included in the study.

Non-probability purposive sampling technique was used to
collect data from patients aged between 30 to 80 years of either
gender with coronary artery disease confirmed through clinical
investigations and other diagnostic procedures (like ECG,
echocardiography and coronary angiography), who had diffused
coronary vessels, bifurcating lesions and were undergoing
complex coronary interventions (Type B or C lesions), were
included in the study. Recently preinfarcted patients, patients who
had type A lesions and those who were unwilling to participate
were excluded. Diabetes Mellitus was considered as already
diagnosed diabetic cases or newly diagnosed cases with fasting

blood sugar level >120 mg/dL at 3 separate occasions. A high
systolic (140 and over) or diastolic (90 and over) on 3 separate
occasions was considered as hypertension. Smoking was
defined as smoking at least 100 cigarettes during one's life time.
Family History was considered positive if one's father or brother
has a presentation of ischemic heart disease (IHD) before 55
years of age or if mother or sister has a known history of IHD
before 65 years of age. Obesity was defined as body mass index
of more than 30kg/m². Bifurcation was defined as stenosis
involving the main and side branch, if a medium or large branch
(>1.5mm) originates within the stenosis and if the side branch is
completely surrounded by stenotic portions of the lesion to be
dilated. Diffuse disease was defined as lesion length >20 mm
and >50% diameter stenosis. Left main stem disease was>50%
stenosis of left main coronary artery. Ostial disease was defined
as origin of lesion within 3mm of vessel origin. Chronic total
occlusion (CTO) was complete or almost complete blockage of
coronary artery for more than 3 months. Coronary ectasia was
defined as lesion diameter greater than the reference diameter in
one or more areas. Multivessel disease was defined as the
involvement of more than one coronary artery. Rotablation
(rotational atherectomy) is a complex procedure that effectively
ablates vessel wall calcification and facilitates stent delivery and
complete stent expansion. Migration of air to distally occlude the
target vessel or one of its branches was considered as air
embolization. Dissection was defined as discrete mobile
angiographic filling defect with or without contrast staining.
Instent restenosis (ISR)was defined as focal tissue growth within
the stent or its margins. Strut fracture was defined as
complete/incomplete separation of stent strut by a fluoroscopic
image. No reflow was defined as reduced Antegrade perfusion in
the absence of flow-limiting stenosis. Side branch occlusion was
defined as TIMI 0,1 or 2 flow in a side branch > 1.5mm in
diameter that previously had TIMI 3 flow. Complex coronary
intervention was defined as the procedure treating Type B or C
coronary artery lesions or management of complications
(dissection, ISR). Increase in creatine kinase-MB more than 3
times of upper limit of normal was considered as PCI-related MI.

After taking ethical approval from the institutional committee and
informed verbal consent from the patients, samples of 3cc were
drawn from venous end, recruited to laboratory and centrifuged
within 20 minutes to prevent degradation of cardiac enzymes. The
sera obtained were either stored at -30 degree Celsius or the test
was precipitously performed. Working reagent of CK-MB
measured 500 micro litre and serum sample of 20 micro liter
were mixed and kept for 5 minutes in water bath. The absorbance
at 340nm wavelength was observed. Pre angioplasty, after 8 and
24 hours samples were drawn and readings of CKMB level were
noted. Moreover, history regarding risk factors was also taken
using a pre designed questionnaire.

Both descriptive and inferential statistical analyses were done in
SPSS 21.0. The qualitative data were presented in the form of
appropriate table and graphs along with its percentage. The
quantitative data were presented in the form of mean and
standard deviation by simple descriptive analysis. Chi Square test
was applied to see the association between different variables
and periprocedural MI. Independent sample t test was used to see
relationship of mean stent length with PMI.
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RESULTS

A total of 72 patients undergoing complex PCI were included in

this analysis. Major clinical and demographic features of the

patients are shown in table 1. The mean age of patients was

53.65+11.844 years and there were more males (77.78%)

undergoing PCI. Most of the patients were diabetic (65.3%).For

the devices of PCI, all patients received implantation of drug

eluting stents.

Among 72 patients, CKMB elevation occurred in 14 (19.44%)

patients as illustrated by figure 1,with 3–5× ULN in 13.88% and

>5× ULN in 5.55% of patients.

Table 1: Demographic and Risk Factor Profile (n = 72)

Age (Years) (Mean ± S.D.) 53.65±11.84

Gender n(%)

Diabetes Mellitus n(%)

Family History n (%)

Smoking n(%)

Obesity n(%)

Male

Female

Yes

No

56 (77.78)

16 (22.22)

47 (65.3)

25 (34.7)

34 (47.2)

38 (52.8)

25 (34.7)

47 (65.3)

8 (11.1)

64(88.9)

Yes

No

Yes

No

Yes

No

Figure 1: Frequency of Periprocedural MI in Complex Coronary Interventions (n = 72)

80.56%
58

19.44%
14

Yes

No

MI

The association of different patient and procedure related factors

with CKMB elevation during complex PCI are shown in table 2.

Left main stem intervention was significantly associated with the

periprocedural MI (1.38% vs 0%, p=0.04). In stent stenosis

(2.77%vs 1.38%, p=0.03), side branch occlusion during

procedure (1.38% vs 0%, p=0.04)and slow or no-reflow(4.16%

vs 1.38%, p=0.004) were also highly associated with the

elevation of the CKMB after complex coronary intervention.

Compared with patients without PMI, those with PMI had higher

risk profiles of patient-, lesion-, and procedure-related

characteristics. Comparison of our findings with different studies

is shown in table 3.

Frequency and causes of periprocedural myocardial infarction in complex coronary interventions

Frequency n (%)Variables
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Parameters CKMB elevation P-value

Yes No

Lesion Related Factors

Bifurcating lesions Yes 7 21 0.342ª

No 7 37

Diffuse disease Yes 11 39 0.409ª

No 3 19

LMS disease Yes 1 0 0.040ª

No 13 58

Ostial disease Yes 7 20 0.282ª

No 7 38

CTO Yes 6 13 0.119ª

No 8 45

Ectasia
Yes 1 5 0.857ª

No 13 53

ISR intervention
2 1 0.035ª

12 57

Procedure Related Factors

Multi vessel PCI Yes 9 28 0.282ª

No 5 30

Rotablation Yes 2 2 0.112ª

No 12 56

Air Embolization Yes 1 1 0.268ª

No 13 57

Dissection Yes 0 1 0.621ª

No 14 57

Probable Strut
fracture

Yes 1 1 0.268ª

No 13 57

Reflow Normal 11 57 0.004ª

Slow/No 3 1

SBO Yes 1 0 0.040ª

No 13 58

Mean Stent

Length(mm)

Mean 75.21±42.03 58.46±28.16 0.076?

Table 2: Association of Patient and Procedure Related Factors with CKMB Elevation (n = 72)

ª: Chi Square test was applied, : Independent sample t test was

applied, LMS: left main stem, CTO: chronic total occlusion, PCI:

Percutaneous coronary intervention, ISR: in-stent restenosis,

SBO: side branch occlusion.

b

Frequency and causes of periprocedural myocardial infarction in complex coronary interventions
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Author Year of Publication Country Sample Size Frequency (%)

1999 France 105 1.9%Bertinchant et al.26

Gruberg et al.27 2002 USA 116 43.1%

Saadeddin et al. 28 2002 Saudi Arabia 96 27%

Nageh et al.29 2003 UK 109 25.6%

Mandadi et al.6 2003 USA 405 26.9%

Drzewiecka-Gerberet al 30 2004 Poland 90 8.9%

Okmen et al.31 2006 Turkey 100 34%

Hoole et al. 24 2010 UK 243 25.0%

Magro et al.18 2013 Europe 52 5.76%

Sheikh et al.32 2013 Pakistan 100 5.0%

Mehta et al. 33 2016 India 302 2.0%

141

Table 3: Frequencies of Occurrence of Periprocedura lMI, Reported in Different Studies.

DISCUSSION:

This is a study of association between complex coronary
intervention and periprocedural myocardial infarction. Many
Studies have been done earlier demonstrating increased cardiac
biomarkers after PCI, illustrated in table 3.

In the present study, periprocedural myocardial infarction, defined
by the most commonly accepted criteria (CKMB >x3 ULN
without new Q waves) occurred in 19.44% patients which is
similar to other published studies.

More extensive CAD is associated with a higher frequency anda
larger degree of PMI. Presence of multivessel disease at the time
of revascularization increases the chance of PMI by 1.3-1.8
fold.5Multivessel CAD is significantly associated with PMI in a
study done by Kini et al. (p=0.04)  . Ourstudy results did not
correlate with the study done by Kini et al. (p=0.282).

CKMB release strongly correlated with diffuse coronary disease;
diffuse disease had a CKMB release of 24.5% versus 16.2 in focal
lesions (p<0.001). While ostial lesions did not correlate with
CKMB release.14In this study, both diffuse disease and Ostial
lesions were not associated with PMI, p=0.409 and p=0.282
respectively.

Stone et al. found cardiac biomarker elevation in total 17.9%
patients and it was more likely to occur after Rotablation
(p<0.001)  . While this study results showed that there is no
association between Rotablationand periprocedural
MI(p=0.857). This is most likely because plaque modification
technique was used i.e. use of smaller burr at low speed ablation
and it was mostly done at 1,40,000 to 1,50,000 rpm. With low
speed Rotablation, there is less incidence of slow or no reflow and
distal embolization hence low incidence of PMI.

PMI is significantly associated with complex bifurcating
interventions (p=0.001). This study did not correlate with the
study of Hildick-smith et al.as results showed that periprocedural
MI was not associated with bifurcating lesions intervention
(p=0.342). Various bifurcation techniques are associated with
various degree of PMI. Patients with true bifurcation were

included and various two stent techniques with proper lesion
preparation and use of intravenous GP IIb/IIIa inhibitors during PCI
were used, which reduced the risk of PMI as shown in this study.

PMI is among the most common complications of CTO PCI. Patel
et al. showed that it occurred in 2.5% patients undergoing CTO
intervention and was significantly associated with it
(p<0.0001) While Suero et al. demonstrated thatMI occurred in
0.5% of CTO lesions' interventions whereas 0.6% for non-CTO
lesions (p=0.6). Statistics of this study demonstrates that
Periprocedural MI is not associated with CTO lesions intervention
(p=0.119) and correlates with the results of Suero et al.

Periprocedural MI occurred in 5.76% patients undergoing PCI for
left main stem disease in a study done by Magro et al. This study
showed that, MI occurred in 1(1.78%) patient and is associated
with left main stem intervention (p=0.04), most probably due to
distal embolization of atheromatous plaque.

Dorros et al. reported that coronary artery dissection was noted
in 9.2% patients undergoing PTCA. Coronary artery dissection
was a complication in 31% of these patients who suffered from a
major associated complication i.e. MI in 11.6%, emergency
bypass in 26% and in-hospital death in 4% patients.19This study
showed that coronary artery dissection occurred in only
1(1.38%) patient without any other complication and it was
covered with a stent later. With the development of low profile
balloons and thin strut stents in the present era, the frequency of
coronary artery dissection is very low as supported by this study.

Coronary air embolism occurred in 0.13% patients undergoing
PTCA in a study done by Dorroset al. while in our study only 2
(2.78%) patients in whom only 1 (1.38%) patient suffered from
MI. This is a rare complication that can be occurred due to
improper flushing of system as occurred in present study and that
is managed with standard protocolfollowed by stenting. But as air
embolism results in no flow to the vessel, it can result in various
degrees of myocardial injury and increase in CKMB levels, as
occurred in one of the patients.

Side branch occlusion can occur during PCI especially when
subintimal strategies are used in CTO intervention and is

3,11-13
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associated with higher frequency of Post PCI MI. Occlusion of a
side branch has been reported in 12.5-19% of cases in which a
stent was placed over a major side branch (>1mm).
According to the study of Talasz et al, side branch occlusion
occurred in 23.8% patients undergoing percutaneous PCI and
CKMB mass concentrations were substantially higher than
normal in all of these patients. In present study, side branch
occlusion occurred in only 1(1.38%) patient and it was
significantly associated with CKMB elevation (p=0.040). These
findings may additionally emphasize that careful review of side
branch anatomy and optimal side branch protection during
complex PCI is required to minimize procedural infarction.

Longer stent length is also implicated for increased myocardial
enzyme release in a recent study by Hoole et al. They also
reported that diminished myocardial perfusion was also
significantly associated with cardiac enzymes elevation
(p=0.006). No reflow/ slow flow is one of the most potent
predictor of PMI (p<0.001). Slow/No reflow was significantly
associated with CKMB elevation in present study (p=0.04) while
mean stent length was not a statistically significant factor
associated with PMI (p= 0.07). Cardiac enzyme elevation in
slow/no reflow cases may be attributable to microembolization of
thrombotic or atherosclerotic material which can be undetectable
in coronary angiogram.

Mechanism of in stent restenosis is multifactorial. Other than
procedural factors (stent mal apposition and under expansion),
neo atherosclerosis is most common cause of ISR especially in
diabetics. With use of new generation DES, the incidence of neo
intimal proliferation and neo atherosclerosis is quite low but still it
is the main contributing factor for target lesion reinfarction. In
this study 2 patients had PMI who underwent re intervention for in
stent restenosis. We are not able to define the mechanism
completely, it may be an incidental finding or neo atherosclerosis
may behave differently than the atherosclerosis in native coronary
arteries. This question remained unanswered unless we utilize
intracoronary imaging to exactly define the characteristics of neo
intimal proliferation and neo intimal atherosclerosis.

Although PMI is highly associated with complex interventions, but
when its association in various subgroups is seen, the
significance is altered. This could be due to the characteristic
features of plaques such as large plaque volume and necrotic
core areas, often associated with embolic events, indicative of
periprocedural MI. Embolization of lipid core of stenotic plaques
after PCI has been considered as an important cause of no reflow
and MI. Modern imaging techniques such as Optical Coherence
Tomography, Intravascular ultrasound and near infrared
spectroscopy are the need of time in this setting. Rises in
inflammatory markers such as IL-6 and CRP levels post PCI are
also responsible for significant CKMB elevation. Studies are being
conducted to estimate pre and post lesion temperatures and
inflammatory markers levels so as to find out the exact
inflammatory area to deploy stents there.

The main limitations of the study were small sample size as
compared to the disease burden and the use of 2D X-ray imaging
technique which do not comment about the plaque morphology.
Intra coronary imaging (OCT, IVUS) was not used in this study as

without intracoronary imaging, plaque morphology cannot be
determined exactly hence can't predict the risk of PMI. Further
studies are required with intracoronary imaging to identify the
plaque characteristics and risk of PMI

Periprocedural MI is common in patients undergoing complex
coronary interventions. These findings have important clinical
implications for practice and may help in deciding further
management of the patients.
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