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ARTICLE INFO ABSTRACT

Background: Major Adverse Cardiac and Cerebrovascular Events (MACCE) include
cardiac death, nonfatal Myocardial Infarction (MI), cerebrovascular events, and
Target Vessel Revascularization (TVR) that may happen after Percutaneous Coronary
Intervention (PCI) or Coronary Artery Bypass Graft (CABG).

Objectives: This study aimed to compare the incidence of MACCE between the patients
who underwent PCI or CABG due to significant Left Anterior Descending (LAD)
stenosis with and without other coronary arteries involvement.

Patients and Methods: This randomized mixed cohort study was conducted on 400
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Percutaneous Coronary Intervention 200 with non-proximal LAD stenosis, selected through census. Half of each group
Coronary Artery Bypass

underwent PCI and the rest underwent CABG. The participants were followed at fixed
intervals after the procedure and the incidence of MACCE was documented in their
checklists. Then, relative risk index was used to compare the two groups regarding the
incidence of MACCE. Statistical analysis was done using the Stata software, version 11
and P < 0.05 was considered to be statistically significant.

Results: The study participants included 281 males and 119 females with the mean age of
61.36 + 10.66 years. The results showed a significant difference between the two groups
regarding the incidence of MACCE (31.58% vs. 3%, P = 0.001). However, no significant
difference was found between the effects of PCI with drug eluting stent and CABG on
proximal LAD (3.70% vs. 3%, P = 1.00).

Conclusions: Considering the incidence of MACCE, CABG had no superiority over DES
for proximal LAD stenosis.

Coronary Artery Disease

» Implication for health policy/practice/research/medical education:

This randomized mixed cohort study was performed to evaluate the rate of MACCE in the patients with proximal or non-proximal LAD lesions
with or without other coronary arteries involvement who underwent PCI or CABG. The study results revealed similar rates of MACCE among the
patients with proximal LAD stenosis who underwent PCI with DES or CABG.

1. Background lost (1). Similar to many developed countries, low- and

Over the past decade, cardiovascular disease has emerged
as the single most important cause of death worldwide. In
2010, cardiovascular disease caused an estimated 16 million
deaths and led to 293 million disability—adjusted life-years
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middle-income countries confront this health problem.
Patients who suffer from Coronary Artery Disease (CAD)
usually have specific symptoms, such as exertional chest
discomfort or dyspnea on exertion. According to clinical
manifestation and/or noninvasive tests, selective coronary
angiography may be needed and based on the results,
treatment options include medical therapy, Percutaneous
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Coronary Intervention (PCI), and Coronary Artery Bypass
Graft (CABG).

Generally, the available stents for PCI are mainly divided
into two groups: Bare Metal Stent (BMS) and Drug Eluting
Stent (DES). Currently, BMS is being used in 10 - 30% of the
patients undergoing PCI. This is most often due to patients’
inability to take aspirin and plavix for long time due to any
reason, significant stenosis in large coronary arteries (> 4
mm), and the setting of acute Myocardial Infarction (MI)
(2). Instent restenosis defined as more than 50% narrowing
in the lumen of the stent site is more common with BMS
compared to DES. On the other hand, stent thrombosis is
more common with DES (2).

Another option for revascularization is CABG, which
was first introduced in 1964. CABG is performed off-
pump or on-pump during which, Left Internal Mammary
Artery (LIMA) or Saphenous Vein Grafts (SVG) are
grafted to native stenotic vessels. PCI and CABG have
some advantages and disadvantages. PCI is less invasive,
is accompanied by shorter length of hospital stay, is
easily repeated, and is effective in relieving symptoms.
Nevertheless, its main disadvantages include restenosis,
high incidence of incomplete revascularization, relative
inefficiency in patients with severe left ventricular
dysfunction, and less favorable outcomes in patients
suffering from diabetes. On the other hand, the main
advantages of CABG are improved survival in certain
subsets, ability to achieve complete revascularization, and
wider applicability (anatomic subsets). However, higher
morbidity and higher risk of stroke are the principal
disadvantages of CABG. In patients with Single Vessel
Disease (SVD), if anatomically suitable, PCI is preferred
over CABG. In patients with 2-Vessel Disease (2VD) also,
if the patient accepts the possibility of chest pain recurrence
or the need for Target Vessel Revascularization (TVR) in
future, PCI should be provided. However, CABG is the
preferred choice in 3-Vessel Disease (3VD) or left main
lesion, especially with reduced Left Ventricular Ejection
Fraction (LVEF) (3).

Significant proximal Left Anterior Descending (LAD)
stenosis can be responsible for the ischemia of 40 - 50%
of the myocardium (4-6). Patients with proximal LAD
occlusion in association with low LVEF have been reported
to have a 19-fold higher mortality compared to the general
population (7). CABG provides a survival benefit when
significant proximal LAD stenosis is present and there is
a tendency to refer patients for CABG due to the idea that
instent restenosis is more prevalent in this type of lesion.

Despite this information, how to manage this group of
patients is still a dilemma. Even though significant non-
proximal LAD stenosis may jeopardize the myocardium
less, it is of particular importance. Involvement of other
coronary arteries in addition to LAD involvement may
affect the treatment option. Major Adverse Cardiac and
Cerebrovascular Events (MACCE) include cardiac death,
nonfatal MI, cerebrovascular events, and need for TVR
after CABG or PCI (8).

2. Objectives
The present study aims to compare CABG and PCI

62

regarding the incidence of MACCE in patients with
proximal or non-proximal LAD lesion with and without
other coronary arteries involvement.

3. Patients and Methods

This randomized mixed cohort study was performed
at Ekbatan Hospital, Hamadan, Iran between April 2010
and April 2013. Patients who were selected for Selective
Coronary Angiography (SCA) based on their symptoms
or high-risk positive noninvasive tests were admitted from
emergency room and hospital clinic.

3.1. Study Population

Among the patients who were candidate for SCA, 400
were enrolled into this study based on the main inclusion
criterion; i.e., significant proximal or non-proximal
LAD stenosis with or without other coronary arteries
involvement. In general, luminal narrowing equal to
or greater than 70% in LAD, Left Circumflex (LCX),
and Right Coronary Arteries (RCA) is considered to be
significant. Therefore, 200 patients with proximal LAD
stenosis and 200 with non-proximal LAD stenosis were
entered into the study through census. Half of each group
underwent PCI and the rest underwent CABG. The decision
for PCI or CABG depended on the cardiologist’s opinion
that was based on the current guidelines, anatomy of the
vessel, patient’s condition and comorbidities, and patient’s
preference in some cases. For each patient, a checklist was
completed, which consisted of personal information, risk
factors, LVEF, number of involved vessels, type of stent (if
PCI was the treatment), and MACCE. Every participant also
signed a written informed consent. If PCI was considered
for proximal LAD, DES was the choice. PCI was performed
using standard interventional techniques. Diameter and
length of the lesions were assessed by two-dimensional
Quantitative Coronary Angiography (QCA). The size and
type of the selected stents for each patient were at the
discretion of the interventionalist performing the procedure
according to the last European Society of Cardiology (ESC)
guideline on DES and BMS usage.

3.2. Two-Dimensional QCA

This technique is based on contrast coronary angiogram
obtaining parameters that objectively quantify the
coronary lumen measuring the significance of a coronary
stenosis. To obtain the most comprehensive data and avoid
foreshortening or underestimation of stenosis severity, at
least two projections orthogonal to each other and both
perpendicular were analyzed with automated edge detection
system (QAngio XA, Medis, Leiden, Netherlands).

All the patients received 300 - 600 mg clopidogrel,
325 mg aspirin, and 40 mg atorvastatin orally before
the procedure. During the procedure, weight-adjusted
unfractionated heparin was given with a bolus dose of
100 unit/kg to achieve activated clotting time of 250 - 300
seconds (HemoTech method). After the procedure, all the
patients were treated with 75 mg clopidogrel daily for 6
months in the BMS group and for at least 1 year in the DES
group. Also, 40 mg atorvastatin daily combined with 325
mg aspirin was prescribed for 1 month for the BMS and for
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3-6 months for the DES group. Finally, all the patients had
to take 80 mg aspirin daily for their whole lives.

Considering the patients undergoing CABG, LIMA
was inserted on LAD in all the cases and, if needed,
SVGs were inserted on LCX and RCA. In these patients,
median sternotomy was performed first. Then, LIM A
was harvested (pedicled graft) from the musculophrenic
and superior epigastric arteries up to the upper margin
of the first rib or higher. In some cases also, saphenous
veins were harvested from one or two legs. After systemic
heparinization, aortic cannula and two-stage venous
cannula were introduced. Cardiopulmonary bypass was
then initiated and cardioplegia was used. The LIMA and
saphenous veins were anastomosed by 8 - 0 and 7 - 0 prolen.
The patients were visited and followed at 6-month and 1-,
2-, and 3-year intervals depending on the time they had
received the treatment. During this period, the patients who
had complaints about new onset low threshold exertional,
resting angina, or equivalent angina were directly referred
for SCA. Noninvasive tests were done when required and
if the test results were positive, SCA was performed. The
patients who did not attend the routine visits were followed
by telephone. If there was a new complaint or an admission
in another center, they were requested to be visited at the
hospital clinic for better evaluation.

The endpoint of our study was MACCE, including
cardiac death, nonfatal MI (due to in- stent thrombosis),
cerebrovascular events, and TVR. TVR was defined as
either surgical or percutaneous reintervention driven by
> 50% diameter stenosis by quantitative analysis with
ischemic symptoms or > 70% diameter stenosis with or
without documented ischemia. In-stent thrombosis was
categorized as definite (an acute coronary syndrome with

angiographic or autopsy evidence of thrombus or occlusion
adjacent to a stent), probable (unexplained death within 30
days after stent implantation or AMI involving the target
vessel territory without angiographic confirmation), and
possible (any unexplained death beyond 30 days after the
procedure) according to the Academic Research Consortium
(ARC) criteria. Incidence of MACCE, if happened, was also
documented in the patients’ checklists.

3.3. Statistical Analysis

The study groups were compared regarding the incidence
of MACCE using relative risk index. Besides, chi-square
and/or Fisher’s exact test was employed to compare the
proportions. All the analyses were done using Stata
software, version 11 and P < 0.05 was considered to be
statistically significant.

4. Results

In this study, the patients were divided into four groups
depending on involvement of proximal or non-proximal
LAD and type of treatment (PCI or CABG). According
to the results, 281 patients (70%) were male and 119 ones
(30%) were female, with the mean age of 61.36 + 10.66
years. The most common risk factor was hypertension
(43.5%). The mean LVEF was 47.35 + 7.41%. Besides,
the mean time interval of MACCE occurrence after the
treatment was 13.83 + 64.09 days in the PCI group and
3.02 + 24.5 days in the CABG group (P = 0.053) (Table 1).
During the follow-up, 19 patients experienced an event; 3
non-cardiac events and 16 MACCE. Among these patients,
10 belonged to the PCI group and 6 to the CABG group (P
=0.025). MACCE also occurred in 9 patients with proximal
LAD lesions (5 cardiac deaths and 4 patients needed TVR)

Table 1. Distribution of the Characteristics of the Participants in the Study Groups

Variables PCI-P PCI-NP CABG-P CABG-NP P value
Age (year), Mean + SD 59.46 + 11.63 61.30 £ 11.52 63.90 £ 9.67 60.81 £ 9.83 0.029
Sex (male), n (%) 67(67.00) 65(65.00) 73(73.00) 76 (76.00) 0.288
Duration of follow-up (day) 712.57 + 273.49 742.20 + 278.36 858.94 + 253.87 594.30 + 281.45 0.001
Ejection fraction (%) 48.87 £ 7.45 46.85 + 7.38 46.25 +7.83 47.45 + 6.98 0.078
Time of event after procedure (day)  19.87 + 75.33 7.80 + 52.85 3.34+32.99 2.70 + 16.01 0.053
History of diabetes 26(26.00) 19(19.00) 26(26.00) 24(24.00) 0.613
History of smoking 30(30.00) 47(47.00) 36(36.00) 28(28.00) 0.022
History of hypertension 38(38.00) 43(43.00) 48(48.00) 45(45.00) 0.341
History of hyperlipidemia 22(22.00) 22(22.00) 21(22.00) 23(23.00) 0.990
History of PVD 2(2.00) 2(2.00) 2(2.00) 6(6.00) 0.248
History of MI 12(12.00) 16(16.00) 22(22.00) 21(21.00) 0.218
History of stroke 3(3.00) 7(7.00) 8(8.00) 9(9.00) 0.348
Incomplete revascularization 18(18.00) 12(12.00) 10(10.00) 10(10.00) 0.269
Stent thrombosis (sub-acute) 2(2.00) 0(0.00) 0(0.00) 0(0.00) 0.110
Number of involved vessels 0.001
I 80(80.00) 81(81.00) 14(14.00) 2(2.00)

II 18(18.00) 19(19.00) 30(30.00) 26(26.00)

111 2(2.00) 0(0.00) 56(56.00) 72(72.00)

Setting 0.121
Chronic stable angina 16(16.00) 18(18.00) 10(10.00) 79(79.00)

Acute coronary syndrome 78(78.00) 65(65.00) 82(82.00) 13(13.00)

ST-elevation MI elective 6(5.00) 17(16.00) 8(8.00) 8(8.00)

Abbreviations: PCI-P, percutaneous coronary intervention-proximal LAD; PCI-NP, percutaneous coronary intervention-non proximal
LAD; CABG-P, coronary artery bypass graft proximal LAD; CABG-NP, coronary artery bypass graft non-proximal LAD; PVD,

peripheral vascular disease
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and one patient with non-proximal LAD lesion (one cardiac
death) who underwent PCI. MACCE, too, occurred in 3
patients with proximal LAD lesions (3 cardiac deaths) and
3 patients with non-proximal LAD lesions (one cardiac
death and 2 patients needed TVR) who underwent CABG.
The results only revealed a significant difference between
the groups with proximal LAD and non-proximal LAD that
underwent PCI (P = 0.018).

Among the patients with proximal LAD stenosis in the
PCI group, 81 and 19 received DES and BMS, respectively.
BMS was used for the patients who could not afford DES
and had refused CABG. In the PCI group with proximal
LAD lesions, 9 cases of MACCE were reported; 3 from the
81 patients (3.70%) with DES and 6 from the 19 patients
(31.58%) with BMS (P = 0.001) (Table 2). The results
showed no significant difference between the patients with
proximal LAD lesions who underwent PCI with DES and
CABG regarding the incidence of MACCE (P = 1.000).
However, a significant difference was observed between
the patients with proximal LAD lesion who underwent PCI
with BMS and CABG in this regard (P = 0.001). In the PCI
group, proximal LAD lesion with other vessels involvement
occurred in 20 patients among whom, 5 experienced
MACCE. From these cases, one had DES and 4 had BMS
(P = 0.041). Out of the four study groups, the results only
showed a significant difference between the patients with
SVD and Multi-Vessel Disease (MVD) in the group with
proximal LAD lesions who underwent PCI regarding the
incidence of MACCE (P = 0.015). However, no significant
difference was observed among the other three groups in
this regard (Table 3).

5. Discussion
Regarding the progressive increase in the prevalence of
cardiovascular risk factors and cardiovascular diseases,

studies leading to better solutions for CAD treatment are
of significant importance. Evidence has indicated that DES
is superior to BMS due to lower rates of in-stent restenosis.
However, it has some disadvantages, including higher
rates of stent thrombosis, higher price, and need for dual
antiplatelet therapy for a longer duration compared to BMS.

The present study aimed to compare the patients with
proximal LAD stenosis with and without other vessels
involvement regarding the incidence of MACCE after PCI
and CABG. In this study, the median age of the patients
was not too high and the median percent of LVEF was not
too low to affect the results. However, subgroup analysis
was not done, which can be considered to be a limitation
to the study.

Rodriguez et al. compared PCI and CABG in MVD
patients with proximal LAD involvement. In that study,
patients with MVD and significant stenosis of the proximal
LAD were randomly assigned to PCI or CABG. The two
groups had similar survival and survival with freedom
from MI at long-term follow-up. However, repeated
revascularization procedures were higher in the PCI group.
On the other hand, no significant early and late differences
were observed between the two groups concerning total
MACCE. In that study, target vessels were stented with
Gianturco Roubin II stent (Cook Inc, Bloomington, Indiana,
USA) as the primary device. CABG procedure was also
performed by standard surgical techniques. Complete
revascularization was achieved, when possible, by using
arterial conduits and reverse saphenous vein grafts (9).

In the current study, PCI was performed with a newer
generation of BMS and DES (strong point) and CABG was
done with the same standard surgical technique. Follow-up
period and the results of both studies were also the same.

Drenth et al. evaluated the outcome of stent and off-
pump LIMA on proximal LAD. According to the findings,

Table 2. Comparison of PCI with DES and BMS Regarding the Rate of MACCE

Stent on Proximal LAD MACCE Total P value
MACCE+ MACCE-

DES,n(%) 3(3.70) 78(96.30) 81 0.001

BMS,n(%) 6(31.58) 13(68.42) 19

Total,n(%) 9(9.00) 91(91.00) 100

Fisher’s exact test was employed to compare the proportions.

Table 3. Comparison of PCI (Proximal and Non-Proximal LAD) and CABG (Proximal and Non-Proximal LAD) Regarding the

Incidence of MACCE

Number of Involved Vessels MACCE+ MACCE- Total P value
PCI proximal

SVD, n (%) 4(5.00) 76(95.00) 80 0.015
MVD, n (%) 5(25.00) 15(75.00) 20

PCI non- proximal

SVD, n (%) 1(1.22) 81(98.78) 82 1.00
MVD, n (%) 0(0.00) 18(100.00) 18

CABG Proximal

SVD, n (%) 0(0.00) 13(100.00) 13 1.00
MVD, n (%) 3(3.45) 84(96.55) 87

CABG non- Proximal

SVD, n (%) 0(0.00) 2(100.00) 2 1.00
MVD, n (%) 3(3.06) 95(96.94) 98

Fisher’s exact test was employed to compare the proportions.
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patients with an isolated high-grade lesion of the proximal
LAD had a significantly better 4-year clinical outcome after
off-pump coronary bypass grafting than after PCI. In that
study, only proximal LAD lesion was taken into account,
CABG was done off-pump, PCI was done with BMS, and
dual antiplatelet therapy included aspirin and ticlopidine (4).
These might justify the discrepancy between the results of
their study and ours.

Moshkovitz et al. also compared the outcome of CABG
and DES on proximal LAD. The results showed no
significant difference regarding the 30-day mortality rate,
but recurrence of angina and TVR was higher in the DES
group. In that study, Cypher (first DES generation) was used
in the PCI procedure and follow-up period was only one
yeard. These were the main differences between that study
and the present one, which could explain the difference
between the results.

Furthermore, Blazek et al. assessed the 10-year safety
and effectiveness of PCI and Minimally Invasive Direct
Coronary Artery Bypass (MIDCAB) surgery in treatment
of proximal LAD lesions. At the 10-year follow-up, PCI and
MIDCAB yielded similar long-term outcomes regarding the
primary composite clinical endpoint. However, TVR was
more frequent in the PCI group. In that research, only BMS
was used in the PCI group, but MIDCAB was preferred in
the CABG group due to isolated significant proximal LAD
stenosis (10). These were the main differences between that
study and the current one.

In our study, the patients who underwent PCI with BMS
experienced MACCE more in comparison to those who
underwent CABG. This was in agreement with the results
of the study conducted by Wu C (11). Experts also believe
that PCI on proximal LAD should be performed with DES.
Similarly, Jones et al. reported lower MACCE rates with no
increase in the incidence of stent thrombosis while using
DES in comparison to BMS in significant proximal LAD
stenosis (12).

Another study that was performed by Blazek et al. also
revealed similar long-term outcomes regarding composite
end point of death, MI, and TVR in the patients who
underwent PCI with Sirolimus Eluting Stent (SES) and
MIDCAB on isolated proximal LAD lesions. Nonetheless,
the rate of TVR was higher in the PCI group (13).

A meta-analysis of 12 studies including more than
2000 patients revealed comparable survival rates after
MIDCAB and PCI with DES on proximal LAD stenosis,
with significantly higher need for revascularization in the
PCI group due to angina recurrence (14).

Garg et al. also indicated that at 5-year follow-up,
CABG had comparable mortality, death, stroke, and MI
rates and superior efficacy in terms of reducing repeated
revascularization compared to BMS and SES in treatment
of patients with MVD involving the proximal LAD (15).

Moreover, Nejat et al. demonstrated that changes in Total
Cholesterol (TC), Triglyceride (TG), non-High Density
Lipoprotein Cholesterol (non HDL-C), TC/HDL-C, and
TG/HDL-C were independent predictors of Coronary
Heart Disease (CHD) events (16). In addition, maintained
dyslipidemia was a strong predictor of CHD events. Thus,
controlling this major risk factor could certainly affect
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further prevention of cardiac events after PCI or CABG.

The findings of the present study showed no significant
difference between PCI with DES and CABG on proximal
LAD stenosis regarding the incidence of MACCE (P =
1.000). However, a significant difference was found between
CABG and PCI with BMS in this respect (P = 0.001). The
results also indicated the superiority of DES to BMS on
proximal LAD stenosis. This implies that if the anatomy and
patient’s conditions are suitable for PCI on proximal LAD
stenosis, DES should be the choice and CABG be saved
for later stages. Additionally, when PCI was performed on
proximal LAD, the incidence of MACCE was significantly
higher in MV D compared to SVD. However, this difference
was not detected in the other 3 groups.

Our study findings demonstrated that the mean number
of days before occurrence of MACCE was significantly
shorter in the CABG group compared to the PCI group (3.02
and 13.38 days, respectively) (P = 0.053). This means that
the first few days after CABG are more critical and later
MACCE is more prevalent in PCI patients.

Different types of DES and mean duration of follow-
up in the aforementioned studies led to various results
in comparison to the current study. Thus, using the
new generation of DES on significant proximal LAD
lesions might be responsible for the negligible incidence
of MACCE and its components, including TVR, in our
study. Considering the incidence of MACCE, CABG had
no superiority to PCI with DES on proximal LAD stenosis.
In addition, DES was related to lower rates of MACCE
compared to BMS.
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