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ARTICLE INFO ABSTRACT

Original paper Percutaneous transluminal coronary angioplasty (PTCA) has been accepted as the elective treatment in
many patients with coronary atherosclerotic obstruction. A slight increase in cardiac markers after the
percutaneous coronary intervention (PCI) has been commonly reported. Some researchers have
suggested that it predicts mortality and long-term complications. This study aimed to evaluate the
occurrence of increased postoperative cardiac enzymes and determine the relationship between such an
increase and clinical angiographic and technical variables. For this purpose, the descriptive study was
performed in Hospital's cardiac ward from 2020-to 2021. One hundred twenty-two patients with stable
coronary artery disease were studied for elective PTCA implanted with successful and uncomplicated
stenting. Blood samples were taken from all patients to measure cardiac markers 20 hours after surgery.
The normal range was CTnl < 2ng/ml and CKMB < 24 [U/L. Plasma levels of myocardial infarction and
their relationship with clinical variables (including age, sex, risk factors for coronary artery disease, the
severity of symptoms based on ccs class and previous history of acute coronary syndromes),
angiographic including (lesion type, severity of stenosis) or related to the operation (operation on one or
two vessels and direct stenting versus PTCA + stenting) were recorded in a questionnaire and
observation sheets. The collected data were processed using descriptive statistics, frequency distribution
tables, Chi-square, and student t-tests. Abnormal values of myocardial infarction were observed in
46.72% (57 patients). An increase in CTnl was observed in 39 patients (31.96%) and an increase in
CKMB was seen in 31 patients (25.40%). Although the rise in CTnl exceeded the CKMB, the difference
between the two was not statistically significant. The increased CTnl was significantly higher in older
people, and the increase in CKMB was significantly higher in hypertensive individuals (p = 0.01).
Based on the findings of this study, there is an increase in enzymes after successful and uncomplicated
PCI selection. Increased CTnl occurs more frequently than CKMB. There is no relationship between
enzyme enhancement and other clinical, angiographic, and technical variables.
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Introduction
Percutaneous Coronary Intervention (PCI) as a
standard procedure indicates excellent progress in
treating patients with ischemic heart disease (1).
Advances in technology (stents, atherectomies, and
thrombectomy instruments), lateral pharmacological
improvements before, during, and after surgery
(Glycoprotein Ilb/llla inhibitors), and a better
understanding of early and long-term outcomes have
led to widespread use of PCI for definitive treatment
of the coronary arteries disease (2-4). Coronary
stenting has  fundamentally  revolutionized
interventional  radiology by reducing early
complications and improving long-term clinical
outcomes (5, 6).

However, one of the most complex issues is
myocardial infarction during or after surgery, which
may be clinically apparent or asymptomatic,

depending on the exact criteria of the
electrocardiogram or cardiac markers (typically
CKMB) (7). The latter constitutes a high percentage
of cases with the increased enzyme (8). A recent
analysis of studies in large groups of patients has
shown that enzyme release is more common than
previously thought and is also associated with
prognosis (9-11). According to findings in essential
databases, patients with increased cardiac markers had
higher ~ complications and cardiac  mortality,
independent of other predictors of mortality (12).

This study aimed to evaluate the increase in
specific heart markers after successful coronary
angioplasty and investigate its relationship with
clinical, angiographic, and technical variables.

Materials and methods
This descriptive study was performed on selected
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patients with coronary angioplasty from 2020 to
2021 in the cardiovascular ward of the hospital. One
hundred-twenty-two patients were studied with
obstructive  coronary  artery  disease  with
Cardiovascular Society (CCS) classification score
>II angina selected for stent PCI. For all these PCI
patients, direct stenting was performed based on
standard techniques and in all cases with stent
placement: PTCA + stenting. Sensitive Ctnl and CK-
MB markers were used to assess the mild myocardial
injury. These markers were collected 20 hours after
the operation and sent to the laboratory immediately.
The CTnl was measured quantitatively by the ELISA
method using specific monoclonal antibodies against
Tnl cardiac epitopes.

The normal range for CTnl was 2ng/ml and values
greater than 2ng/ml were considered an ischemic
injury. CKMB was measured enzymatically by the
RA1000 autoanalyzer. The baseline values for 2lu /
L were CKMB. Preoperative enzyme levels were
assumed to be normal in all patients. Acute
myocardial infarction was defined based on the
occurrence of pathological waves in two adjacent
leads with an increase of 3% in the normal upper
range of CKMB. All patients underwent
electrocardiograms as usual before surgery,
immediately after surgery, and the second day after
surgery. Achieving more than 20% of the remaining
stenosis was defined by 4Timi flow3 and the success
of the angiographic procedure without major cardiac
complications  (death, = myocardial infarction
(CABQG)).

Patients were studied who had an acute coronary
event (unstable angina, Acute Myocardial Infarction,
and Non ST elevation MI) during the two weeks
before surgery and patients who were likely to have
elevated preoperative enzymes. Also, Patients with
postoperative major coronary events (nonfatal Ml,
CABG, and death) were admitted for the duration of
hospitalization. Clinical characteristics of patients
including age, gender, previous history of diabetes,
hypertension, hyperlipidemia, smoking, family
history, previous CABG or PCI, symptom severity
(based on CCS Class), and history of unstable
angina, NSTEMI AMI (based on history and the
electrocardiogram) were collected through a
questionnaire based on the objectives and hypotheses

of the study, which were recorded at the time of
admission for PCI.

Findings related to angiographic and operative
variables were collected through operation reports
and review of angiographic films or PCI. In this
study, the obtained results were expressed using
descriptive statistics and statistical tables and graphs.
The Chi-square test was by student t-test and
ANOVA for more than two groups. In this study, the
minimum  statistically  significant level was
considered p <0.05.

Results and discussion

The total number of patients was 122, with a mean
age of 53 + 10 years (32 to 80 years old). The
frequency distribution of clinical variables is listed in
Table 1. There was a history of previous myocardial
infarction in 42 patients (34.42%), a history of
UA/NSTEMI in 27 patients (22.13%), and a previous
history of both in eight patients (6.55%). Forty-five
patients (36.9%) had no history of any of the above
syndromes. Four patients (3.27%) had a history of the
previous PCI, and three patients (2.45%) had a history
of CABG.

Abnormal CTnl levels were found in 39 patients
(31.96%) and CKMB in 31 patients (25.40%). The
increase in CTnl was more significant than CKMB,
but their relationship was not statistically significant.
An increase in cardiac markers was found in 57
patients (46.72%). Regarding the severity of
preoperative symptoms, 87 (71.31%) were in CCS
Class 1, and 35 (28.68%) were in I1l and IV.

One hundred seventy-nine lesions were observed in
122 operated patients. Out of 122 patients, 71 had
stent and PTCA interventions, and 47 patients
underwent direct stenting. PClI was performed in
81.14% of cases in one vessel and 18.86% in two
vessels. The abnormal level of cardiac markers was
not related to the number of vessels and the surgery
technique (Table 1).

Patients who showed increased CKMB compared
to normal after surgery had a higher mean age than
those with normal enzyme levels, which was
statistically significant for Tnl (p = 0.01). In
hypertensive patients, CKMB was higher than
normotensive patients (p = 0.01). The relationship
between abnormal CTnl and CKMB levels with other
clinical variables was not statistically significant. The
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frequency distribution of clinical variables and their
relationship with the increase of enzymes are shown
in Table 2. Of the 122 patients studied, 81 patients
(66.39%) showed LAD (Left anterior descending), 27
patients (22.13%) had RCA (Right coronary artery),
26 (21.31%) had LCX (Left circumflex), four had
diagonal, and 5 had OM (Obtius marginal). In 4
patients (3.27%), Bailout stenting was performed due
to dissection or thrombosis.

Table 1. Frequency distribution of clinical variables,
dependent angiography in patients

Clinical or Operation-Dependent Variable Number Percent
Male 79 64.75
Female 43 35.25
Diabetes 20 16.39
Hypertension 63 51.63
Hyperlipidemia 64 52.45
Smoking 37 30.32
Family history 24 19.67
STEMI 42 34.42
U/AINSTEMI 27 22.13
CCSCLASS I 87 7131
CCS CLASS lll and IV 28 22.95
Nonspecific changes of EKG 17 13.93
Lesion type A and B1 38 31.15
Lesion type B2 and C 84 68.85
PTCA + Stenting 71 58.19
Direct stenting 47 38.52
Lesion severity up to 90% 47 38.52
Lesion severity between 90% - 100% 75 61.48
PCl in one vessel 99 81.14
PCI in more than one vessel 23 18.86

Complete obstruction was present in 13 (10.65%)
patients. The type of “A” and “B1” lesion was in 38
patients (31.15%) and “B2” and “C” in 84 patients
(68.85%). In 47 patients (38.52%), stenosis was less
than 90%, and in 75 patients (61.48%), stenosis was
90-100%. Complex lesions and severe stenosis did not
show significant enzymatic differences with more
uncomplicated and less severe lesions. Seventeen
patients (13.93%) had ECG changes as nonspecific
ST.T changes out of the total population. In other
cases, postoperative EKG did not change compared to
preoperative. The difference between the increases in
cardiac markers in the two groups was not significant
(Tables 2).

Increased specific cardiac markers (CKMB and
Ctnl) are common after selective and successful PCI
(13). Recent studies have shown increased cardiac
markers following uncomplicated PCI with increased
mortality and medium- and long-term complications
(14, 15). These findings represent a standard mental

error in which an excellent angiographic result is
considered the best clinical outcome.
Pathophysiological factors associated with myocardial
injury following coronary angioplasty include
transient cessation or reduction of blood flow, distal
thromboembolism, lateral branch occlusion, and distal
spasms due to the release of vasoactive substances and
hypotension and ischemia (16).

Mild myocardial injury after successful PCI
without selective complication with or without
stenting is common. According to Mongiardo et al.
(17), the increase in Tnl after successful PCI was 40
to 45%, and in the Leonardi study (18), the increase in
CKMB was 49 to 60%. In the present study, this
increase  was 32% and 26.3%, respectively.
Drzewiecka-Gerber et al. (19) reported cardiac
troponins, particularly Tnl, more sensitive than
CKMB for assessing the myocardial injury. In the
present study, the incidence of Ctnl increase was
insignificantly higher than CKMB (p = 0.01). In
Culié's study (20), the history of MI, female sex, old
age was associated with more enzymes. This study
showed a negligible increase in men and a significant
increase in Ctnl over 57 years old (p = 0.01).

In limited studies, the relationship between risk
factors for coronary artery disease and increased
cardiac enzymes has been investigated, and no clear
and proven relationship has been found (21, 22). In
this study, only a history of hypertension was
significantly associated with increased CKMB (p =
0.01).

Studies by Kini et al. (23), Gregson et al. (24), and
Ben-Yehuda et al. (25) indicated that factors, such as
coronary embolism during surgery, recent Ml history,
and minor complications like sudden transient
occlusion, hypotension, saphenous vein grafts,
complex lesions, extensive  dissection, and
preoperatively severe obstruction were associated
with an increase in total CK.

The associated morphological features included
thrombotic and complex lesions, saphenous vein graft
lesions, and DCA. In other studies, diffuse disease,
ulceration, asymmetric lesion, atherosclerotic plaque
load, complex lesions, and application to multiple
coronary arteries were associated with postoperative
enzyme release (26-28). In some of these studies,
atherosclerotic plaque loads in both lesion and basal
segments and diffuse atherosclerosis were associated
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with an increase in CKMB postoperatively (29-31).
These findings suggest that elevated postoperative
CKMB may be a marker of diffuse atherosclerosis and
thus justify the adverse prognosis seen in some
studies. No significant relationship was observed
between lesion morphology and enzyme increase in
the present study. Also, the severity of stenosis with
PTCA and multi-vessel PCI did not correlate with the
rise in cardiac enzymes.

Direct stenting may significantly reduce the
incidence of ischemic complications associated with
surgery by reducing trauma to the vessel wall and
immediate  dissection  repair and avoiding

complications associated with balloon surgery-related
myocardial necrosis. In a study by Atmaca et al. (32),
the use of direct stent technique compared to indirect
stent has been associated with a reduction in ischemic
complications during surgery and a lower increase in
cardiac enzymes. A similar study by Timurkaynak et
al. (33) found no significant difference between the
two groups.

In this study, the increase in enzyme was higher in
people who underwent stent + PTCA, although the
difference between the groups was not statistically
significant.

Table 2. Relationship between Tnl and CKMB with clinical variables in patients

Variable Tnl+ Tnl- PV CKMB+ CKMB- PV
Age 57+11 52+ 10 0.01 57+11 53+11 0.046
Male 41 (33.60%) 38 (31.14%) 0.88 34 (27.86%) 45 (36.88%) 0.092
Female 23 (18.85%) 20 (16.39%) 0.88 22 (18.03%) 21 (17.21%) 0.092
Diabetes 13 (10.65%) 22 (18.03%) 0.24 16 (13.11%) 21 (17.21%) 057
Hypertension 58 (47.54%) 64 (52.45%) 0.74 43 (35.24%) 79 (64.76%) 0.01
Hyperlipidemia 59 (48.36%) 63 (51.64%) 0.11 32 (26.22%) 90 (73.78%) 0.076
Smoking 25 (20.49%) 42 (34.42%) 0.11 29 (23.77%) 93 (76.23%) 0.083
CCS Class II 41 (33.60%) 81 (66.40%) 0.092 26 (21.31%) 96 (78.68%) 0.38
CCS Class Il & IV 35 (28.68%) 87 (71.31%) 0.091 36 (29.50%) 86 (70.49%) 0.36
Lesion type A and B1 21 (17.21%) 17 (13.93%) 0.89 20 (16.39%) 18 (14.75%) 0.92
Lesion type B2 and C 40 (32.78%) 44 (36.06%) 0.89 41 (33.60%) 43 (35.24%) 0.92
Stenosis up to 90% 20 (16.39%) 27 (22.13%) 0.87 25 (20.49%) 22 (18.03%) 091
Stenosis between 90% - 100% 38 (31.14%) 37 (30.32%) 0.93 40 (32.78%) 35 (28.68%) 0.88
Single vessel-PCI 59 (48.36%) 40 (32.78%) 0.78 31 (25.40%) 68 (55.73%) 0.12
Multiple vessel-PCI 10 (8.19%) 13 (10.65%) 0.33 12 (9.83%) 11 (9.01%) 0.65
Direct Stenting 16 (13.11%) 31 (25.40%) 0.78 14 (11.47%) 33 (27.04%) 0.74
PTCA + stenting 23 (18.85%) 48 (39.34%) 0.62 20 (16.39%) 51 (41.80%) 0.63
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