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Review Article

ABSTRACT

In chronic stable angina management, percutaneous or surgical revascularization could be
adopted in addition to optimum medical treatment. Choice of the most suitable and beneficial
strategies usually depends on appropriate clinical judgment, meticulous assessment by different
contemporary investigatory tools and patient preference. In this review, we address the impact of
contemporary investigatory and treatment equipment such as pressure wire, intravascular imaging,
myocardial perfusion scans, cardiac magnetic resonance and new generations of drug eluting
stents, on the outcome of myocardial revascularization among variable stable coronary artery
disease patients’ profiles; old age, multi-vessel, left main disease and diabetic patients.

Keywords: Myocardial revascularization; stable coronary artery disease; coronary bypass graft;
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1. INTRODUCTION

In chronic stable angina, the decision to continue
medical treatment alone and the timing of
invasive myocardial revascularization has been
informed by several recent trials. The
advantages of invasive therapy have to be one or
both of significant improvement in ischemic
symptoms or reduced major cardiac events
(myocardial infarction, unplanned
revascularization, stroke and death). These
intended benefits should outweigh the expected
complications.

2. THE OUTCOME OF
REVASCULARIZATION BY
PERCUTANEOQOUS CORONARY

INTERVENTION (PCI) OR CORONARY
ARTERY BYPASS GRAFT (CABG) IN
COMPARISON TO MEDICAL
TREATMENT IN CHRONIC STABLE
ANGINA

Trials showed no difference: “A meta-analysis
of 11 randomized clinical trials, 2950 patients
with stable angina (one or more coronary vessel
disease), reported no difference in overall
mortality rate, cardiac death, myocardial
infarction and unplanned revascularization” [1].

Similar findings were reported in “2287 patients
at 50 centers over a 5 year follow up period from
1999 to 2004 comparing the prognostic outcome
of PCI to medical treatment in stable coronary
artery disease. The data showed no significant
difference in the risk of mortality, myocardial
infarction, unplanned revascularization, stroke
and hospitalization between the two groups. It
should be noted that this trial included only
patients with single artery disease and most
cases were managed with bare metal stents” [2].

“In 2012, a meta-analysis of 8 clinical trials

involving 7229 patients also failed to
demonstrate beneficial outcomes on mortality,
non-fatal myocardial infarction or future
revascularization in the percutaneous
intervention arm” [3].

Some  promising outcomes for the

percutaneous or surgical revascularization
strategies over optimum medical treatment
alone: The BARI 2D trial was a randomized
controlled trial conducted from 2001 to 2005 in
49 centers. This study recruited 2368 diabetic
patients with stable coronary artery disease with
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all patients deemed suitable for both PCI and
CABG. There was no significant difference in all-
cause mortality between the medical group and
revascularization group (including PCIl and
CABG). In comparison to the medical treatment
only, the occurrence of major cardiac events was
not significantly different in the PCI group while
CABG group showed a lower incidence of all
major cardiac events in comparison to the
medical treatment alone [4].

In the RITA-2 trial, 1018 patients from 20
cardiovascular centers in the UK and Ireland
were randomized to medical treatment or
percutaneous coronary angioplasty reported a
significantly  higher rate of  symptoms
improvement in the PCI group, particularly in
patients presenting with severe symptoms. In the
RITA 2 trial, symptom improvement was
assessed with angina grade and total exercise
time on Bruce exercise protocol [5]. Recently, the
same evidence of anginal symptoms reduction
has been demonstrated in ORBITA trial
secondary analysis, particularly in patients with
focal coronary lesions [6].

In contrast to the above, a study of elderly
patients (>75 years of age), the TIME trial,
randomized to medical treatment or PCI, and
reported a significant reduction in major cardiac
events in the PCI group. In addition, there was
significant improvement the symptoms and the
quality of the life after 6 months [7].

In a large meta-analysis of 100 trials, reporting
outcomes in 93533 patients, receiving any type
of revascularization ; balloon, bare metal stents
and different generations of drug eluting stents
revealed coronary bypass graft surgery to have
some survival benefits in comparison to medical
treatment; in addition, PCI with new generations
of drug eluting stents was associated with better
survival rates (Everolimus: 0.75, C.I 0.59-0.96)
and (Zatrolimus: 0.65, C.I. 0.42-1) while survival
benefits with balloon angioplasty, bare metal
stents and early generations of drug eluting
stents (Paclitaxel, sirolimus) showed no benefit.
The need for unplanned revascularization was
reduced in CABG and all stent based angioplasty
in comparison to medical treatment [8].

A meta-analysis of three randomized clinical
trials (Courage, FAME Il and SWIS 1), showed a
significant survival benefit in the PCI group over
the medical treatment only when PCI was
guided, by coronary physiology or imaging
guided ischemia such as by myocardial perfusion
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scans, invasive angiography with flow function
reserve or exercise ECG treadmill test [9].

Myocardial revascularization versus medical
treatment in multi-vessel disease: Whilst the
majority of studies have focused on single vessel
disease, there have been studies looking at
outcomes of revascularization in patients with
multi-vessel disease. A meta-analysis of 12
studies comparing CABG versus PCl and
another of 7 studies comparing CABG versus
medical  treatment  (angiographic = >50%
narrowing) of unprotected left main stem,
revealed significant improvement in survival in
both PClI and CABG groups in comparison to
those on conservative medical treatment only
[10].

These findings were supported by findings from
“a large study of 11661 patients with multi-vessel
disease (defined as >70% angiographically
narrowing in 2 or 3 major epicardial vessels or
left main stem with narrowing more than 50%
angiographically) over a 3 year-period. This
study showed a significant 5-year survival
improvement in CABG and PCI groups over the
medical group” [11].

In one randomized clinical trial, conducted on
611 patients with  multi-vessel disease
randomized into PCI, CABG or medical
treatment, the 10-year follow up showed that
CABG led to a significant reduction in all major
cardiac events (death, myocardial infarction and
unplanned revascularization) in comparison to
medical treatment. As in other studies, we saw
consistent finding of the PCI group having a
significantly higher incidence of revascularization
and myocardial infarction in comparison to CABG
[12].

3. INVESTIGATORY TOOLS USUALLY

HELP IN MYOCARDIAL
REVASCULARIZATION DECISION
MAKING

Coronary physiological assessment before
myocardial revascularization: The use of
intracoronary physiology has facilitated the
interrogation of coronary stenosis and allowed
operators to identify significant flow limiting
stenosis with greater accuracy than with
angiography alone. This technology, by
identifying significant lesions, has given hope to
limiting invasive revascularization to only those
lesions giving rise to significant ischemia and
thereby avoiding unnecessary procedures.
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In the DEFER study, 325 patients with moderate
coronary stenosis had a functional flow reserve
(FFR) assessment, 144 patients underwent PCI
based on low FFR (<0.75), while those with
functionally  non-obstructing lesions  were
randomly assigned to either PCI (perform group)
or medical treatment (defer group). The study
revealed no significant difference in survival
between the perform and defer groups over 5-
years [13].

The FAME study randomized 1005 either to
angiographic guided PCI or FFR guided PCI with
a cut-off value of 0.8. It showed a significant
reduction in major cardiac events in the FFR
guided PCI group up to 2 years but there was no
significant difference between both groups from 2
to 5 years follow up. However, the number of
stents was less in the FFR guided PCI [14]. In
the subsequent FAME 2 trial, 888 patients with at
least one significant lesion with FFR <0.8 were
assigned randomly into PCIl plus medical
treatment or medical treatment only. There was
significant reduction in major cardiac events in
the PCI arm in comparison to medical treatment,
particularly in the rate of urgent revascularization
due to myocardial infarction or evidenced
myocardial ischemia [15].

The role of FFR in changing strategy when
compared to angiography alone was confirmed in
the RIPCORD study of 200 patients. These
patients with stable coronary artery disease had
a plan based on coronary angiogram by an
operator blinded to the FFR result. Following the
FFR result, all patients had a plan guided by FFR
and the study revealed a 26% change in the plan
when compared to angiography alone with the
lesions number and site of lesion changed in
32% [16].

More recently, instantaneous wave free ratio
(iwFR) has been introduced to measure coronary
physiology with the advantage of not requiring
intravenous vasodilators for measurement. This
makes the procedure more comfortable for
patients and easier for operators. A comparison
between FFR and iwFR in a trial of 2492 patients
were randomized to FFR and iwFR groups with
treatment thresholds of 0.8 and 0.89,
respectively. There was no significant difference
in the survival rate between FFR guided
decisions and iwFR which indicates non-
inferiority of iwFR compared to FFR. [17] The
absence of significant difference between PCI
guided FFR and iwFR regarding the one year
survival and major cardiac adverse events was
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observed in another trial done over 2037 patients
who were randomized into FFR and iwFR guided
PCI [18].

The use of intracoronary physiology allows
identification of culprit lesions and thereby
successful execution of revascularization of the
appropriate ischemia inducing vessel and lesion.
This has the potential of reducing complications
of performing revascularizations in non-culprit
vessels.

Myocardial viability assessment before
revascularization in patients with left
ventricular systolic dysfunction: In the viability
sub-study of the Surgical Treatment for Ischemic
Heart failure (STICH) trial, 618 of 1212
randomized patients had their viability
assessment with stress Echocardiography or
SPECT before their surgical revascularization
(CABG). Regardless the adopted treatment
plans, patients with myocardial viability evidence
showed a better survival outcome in comparison
to those with inviable myocardium (37% versus
51%; HR 0.64, 95% CI 0.48 to 0.86). At 10-year
follow up, patient who had CABG showed a
better survival rate in comparison to those who
have been managed with medical treatment only,
in the whole cohort [61% (182 of 298) versus
69% (209 of 303), HR 0.73, 95% CI 0.6 to 0.9).
Importantly, there was no significant interaction
between viability results and outcome of CABG
plus medical therapy over medical therapy alone
on mortality outcome (P=0.34 for interaction). In
other words, CABG in addition to optimum
medical therapy had obvious benefits in both
viable and non-viable myocardium and the
magnitude of benefits was comparable in those
two settings [19].

“On the other hand, Revived- BCIS2 trial,
conducted on 700 patients with severe left
ventricular systolic dysfunction (EF <35%),
extensive coronary disease and viability
evidence, the patients were randomized into
either PCI plus medical treatment or medical
treatment only. The trial showed no significant
difference between two arms regarding to all-
cause mortality and hospitalization for heart
failure reasons” [20].

“In a meta-analysis of 3088 coronary artery
disease patients with left ventricular systolic
dysfunction, there was a significant reduction in
mortality only in patients with viable myocardium
who underwent revascularization. Nevertheless,
there was no significant difference in mortality
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between revascularization and medical groups in
the non-viable myocardium patients. So, this
meta-analysis highlighted the importance of
myocardial assessment viabilty in the
appropriately selecting patients for
revascularization in the presence left
ventricular systolic dysfunction” [21].

of

Documented ischemia (with myocardial
perfusion scan) before myocardial
revascularization outcome: In COURAGE, 314
patients underwent serial myocardial perfusion
scan before and after the treatment. It showed
higher rate of documented reduced myocardial
ischemia (defined as more than 5% myocardial
ischemia reduction) in the revascularization plus
medical treatment group in comparison to the
medical treatment, especially in the patient with
moderate to severe baseline ischemia (defined
as having more than 10 % ischemic myocardial
segments. In addition, patients with reduced
ischemia showed lower risk of death and
myocardial infarction [22]. In another trial, 10627
consecutive patients with stable coronary artery
disease patients received either medical
treatment or underwent revascularization after
they had stress myocardial perfusion scan. A

significant survival benefit was seen in the
revascularization group over the medical
treatment in case of moderate or high

documented ischemia in myocardial perfusion
scan (ischemic segment greater than 10% of the
total segments) [23].

Rule of intravascular ultrasound (IVUS) in the
left main artery revascularization: In a study
conducted on 975 patients with unprotected
diseased left main re-vascularized with
angiography guided PCI (219) or IVUS guided
PCI (756). Analysis of 145 matched patients,
who had undergone PCI with drug eluting stents,
revealed better 3 year survival outcome in the
IVUS group in comparison to the angiography
guided PCI [24].

4. MYOCARDIAL REVASCULARIZATION
IN COMPLEX CORONARY LESIONS

Myocardial revascularization in multi-vessel
disease and or left main disease: In the trial,
1800 patients with three vessel coronary artery
disease or left main lesions were randomized to
PClI with drug eluting stents or CABG.
Approximately one quarter of the enrolled
patients were diagnosed with diabetes mellitus.
In addition, the surgical risk of the patients on
both groups, based on euro SCORE
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assessment, was not significantly different. After
1 year follow up, the major adverse cardiac
events and unplanned revascularization were
significantly higher in the PCI group whilst the
CABG arm showed higher stroke incidence in
non-diabetic patients. Analysis based on
subgrouping the sample on Syntax scores (low
(0-22), intermediate (from 23-32) and high (=33))
revealed the difference in major cardiac events
between PCI and CABG was statistically
significant only in the high Syntax subgroup [25].

The 5 years follow up data confirmed that CABG
was better in complex lesions (three vessel
disease and left main) than PCI (only Paclitaxel
eluting stents used) in terms of mortality,
myocardial infarction, major cardiac events and
unplanned revascularization and without the
higher rate of stroke seen in 1 year follow up. In
the left main subgroup, the MACE incidence was
higher in PCI in comparison to CABG only in
higher syntax group (232). In multi-vessel
disease, the MACE rate was higher in the PCI
group in both intermediate and high SYNTAX
score [26]. The 10 year follow up revealed no
significant difference in all-cause mortality in the
whole sample but only in two subgroups; multi-
vessel disease and higher syntax score (=33)
[27].

The follow-on Syntax Il study attempted to
address some of the shortcomings of Syntax |,
with thin struts bio-resorbable polymer drug
eluting stents used when indicated following
lesion physiological assessment and IVUS image
interrogation. A total of 454 of 708 de novo three
vessel disease patients (not including left main
lesions) were selected to have PCI and one year
follow up was compared with predefined PCI
cohort group from the Syntax | trial. The rate of
myocardial infarction, unplanned
revascularization and in-stent thrombosis was
significantly lower in the in SYNTAX Il in
comparison to the rate in PCI group in SYNTAX
I, driven largely by use of newer generation stent
and appropriate revascularization after lesion
interrogation [28].

“In the CARDia trial, 510 diabetic patients, with
either 3 vessel disease or single complex
coronary lesion were randomized to PCI (with
bare metal stent or a sirolimus drug eluting stent)
or CABG. At one year the rate of all-cause
mortality, myocardial infarction, stroke or
unplanned revascularization was significantly
higher in the PCI group” [29].

42

The Freedom trial enrolled 1900 diabetic patients

with multi-vessel  disease  (angiographic
significant narrowing in two or more major
epicardial vessels excluding the left main

lesions). The patients were randomized to PCI
(with Sirolimus or Paclitaxel drug eluting stents)
or CABG. The 5-year all-cause mortality, nonfatal
MI or nonfatal stroke was higher in the PCI group
[30]. And a longer follow up (median 7.5 years) in
a subset of 943 patients d also confirmed higher
all-cause mortality in the PCI group [31]. “In the
Freedom trial, subsequent analysis based on
Syntax scores showed it to be an independent
risk factor for higher major cardiac events rate in
the PCI group but not the CABG group” [32].

“A pooled analysis from 3 trials, SYNTAX,
PRECOMPACT and BEST trials, revealed the
impact of SYNTAX score on patients with multi-
vessel coronary disease. The result revealed that
the rate of death, stroke or myocardial infarction,
but not revascularization, was not significantly
different between PCl and CABG in the subgroup
of low or intermediate SYNATX (<33) but was
significant in high SYNTAX scores” [33].

In a meta-analysis of 68 trials in diabetic patients
with  multi-vessel disease, patients who
underwent, PCl with Paclitaxel or Sirolimus
carried a significant higher rate of mortality and
higher repeated revascularization compared to
the CABG arm. However, patients undergoing
PCI with a cobalt-chromium everolimus drug
eluting stents showed no significant difference in
mortality rate compared to CABG. Although the
number of repeated revascularization was higher
in the PCI with chromium cobalt everolimus stent
arm, strokes were numerically higher in the
CABG group but neither was statistically non-
significant [34].

In a registry, the short- and long-term outcome of
PCI (with everolimus eluting stent) versus CABG
was assessed on 8096 diabetic patients with
multi-vessel disease. In the 30 days outcome,
the PCI group revealed significant reduction of
stroke and death. Nevertheless, in the long-term
outcome, PCI with everolimus eluting stent
showed higher rate of myocardial infarction and
repeat revascularization. Of note, the difference
in myocardial infarction was not observed in the
subgroup that underwent complete PCI
revascularization. Consequently, staged or
incomplete revascularization via PCI may be one
of the causes of the usually observed better
CABG outcome in multi-vessel disease [35].
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In another registry of multi-vessel disease
analysis of 9223 patients who underwent PCI
and 9223 patients CABG, the myocardial
infarction and unplanned revascularization was
significantly higher in the PCI group while the
stroke incidence was higher in the CABG.
Interestingly, the myocardial infarction incidence
was not statistically significant in group of who
underwent complete PCI revascularization [36].

Impact of new generation stents on outcomes
after percutaneous coronary intervention: A
study of 1830 diabetic patients and coronary
artery disease showed that PCI with everolimus
stents carries a lower rate of one year target
vessel failure, stent thrombosis, repeated
revascularization and myocardial infarction in
comparison to paclitaxel eluting stents [37].
Qualitatively similar findings were seen in 3687
patients where patients receiving everolimus
eluting stents had less target lesion failure
(including death, myocardial infarction, and target
lesion revascularization and stent thrombosis) in
comparison to Paclitaxel in the diabetic subgroup
[38].

A meta-analysis of 3389 patient from four
randomized trials studying the new bio-
absorbable stent platform revealed no significant
difference between the cobalt chromium and bio-
absorbable stents in one year all cause death,
cardiac mortality rate, all myocardial infarction
and repeated revisualization; however, the rate
of target vessel related myocardial infarction was
significantly higher in the bioresorbable vascular
scaffold group [39].

“In the LEADERS trial, 1707 patients from 10
centers were randomized to a biodegradable
polymer biolimus eluting stents and sirolimus
eluting stents. There was a significantly lower
rate of all death cause, myocardial infarction,
revascularization in the biodegradable polymer
stents with a significant lower rate of very late
stent thrombosis (after 1-5 years) in the group of
the biodegradable polymer stents” [40].

“In a pooled meta-analysis from 11 clinical trials,
conducted on 12644 patients, revealed no
significant difference in the major cardiac events
between biodegradable polymer drug eluting
stents and second generation durable polymer
drug eluting stents (evirolimus and Zatrolimus)”
[41].

Myocardial revascularization outcome in left
main artery disease: In the Procombat trial, 600
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patients with diseased unprotected left main
artery were randomized to PCI with sirolimus
eluting stent or CABG. After 5 years follow up,
there was no significant difference in the major
cardiac events apart from a higher rate of
unplanned revascularization in the PCI group
[42].

In the NOBLE trial, 1201 patients with left main
lesion (>50% angiographic narrowing or
fractional flow reserve < 0.8) were randomized to
CABG and PCI with drug eluting stents. In the
PCI group, proximal and mid left main lesions
were managed with a single stent while distal left
main was managed with two stents with the
Culotte technique preferred and proximal
optimization technique along with final kissing
done in most cases. This study revealed that PCI
for left main cannot be considered as non-inferior
to CABG because 5-year major cardiac events,
all-cause mortality, non-procedural myocardial
infarction and repeat revascularization were
significantly higher in the PCI group [43].

In contrast, the EXCEL trial of low or
intermediate complex left main stem lesions
complexity was assessed with SYTAX score,
(low complexity <22, intermediate 23-32)
revealed that PCl was non inferior to CABG in
the primary end points including all-cause
mortality, stroke or myocardial infarction over a 3
year follow up period. On the other hand, for
predefined secondary end points, the rate of
death, stroke or myocardial infarction in first 30
days was significantly higher in CABG than PCI,
7.9% and 4.9%, respectively. In addition, the
major cardiac events (death, myocardial
infarction, stroke or unplanned revascularization)
in the PCI group, over 3 year follow up period,
was non inferior to CABG group, 23.1% and
19.1%, respectively [44].

5. CONCLUSION

This review addresses the evolution of coronary
revascularization and analyses major trials that
have advanced our understanding of the
management of atherosclerotic cardiovascular
disease. In order to achieve optimal outcomes for
the treatment of atherosclerotic cardiovascular
disease, a balanced decision must be made
between optimal medical therapies,
percutaneous or surgical revascularization. This
decision should be guided by patient symptoms,
objective evidence of ischemia severity,
myocardial viability, lesion complexity and of
course, patient preference. Recent trials confirm
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the successful role of optimal medical therapy in
successfully managing patients with stable
angina symptoms. The availability of new
generation drug eluting stents has led to
improved outcomes and the increasing value of
lesion interrogation to limit revascularization in
culprit lesions only, has improved outcomes from
percutaneous  revascularization.  Numerous
studies show the Dbenefit of surgical
revascularization in patients with complex multi-
vessel disease with good long-term outcomes,
particularly in patients receiving an internal
mammary graft to the left anterior descending
artery.
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