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Abstract: Percutaneous coronary intervention (PCI) is a common cardiac procedure and there have
been significant advances in the technologies over past decades that have improved the safety of these
procedures. Various clinical trials and meta-analyses have shown that PCIs are associated with improved
outcomes, especially among patients with acute coronary syndromes. However, the clinical benefit of PCIs
among patients with stable ischemic heart disease (SIHD) other than improvement in anginal symptoms
is less well established. The patients who have a significant burden of ischemia may benefit the most
from revascularization. The achievement of complete revascularization, appropriate technique for stent
deployment and intracoronary imaging during these procedures also can have a significant impact on the
clinical outcomes. Moreover, patients with coronary artery disease should be managed with appropriate
medical therapy after the PCIs. The procedural and non-procedural factors should be taken into

consideration in order to optimize outcomes for patients with SIHD being treated with PCls.
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Percutaneous coronary intervention (PCI) is one of the most
common cardiac procedure performed for the treatment of
stable ischemic heart disease (SIHD) and acute coronary
syndromes. Prior to the first angioplasty performed by
Gruentzig in 1977, coronary artery bypass grafting (CABG)
was the only modality of coronary revascularization.
Since the advent of coronary angioplasty, there has been
considerable progress in the equipment, techniques,
ancillary imaging, and periprocedural pharmacotherapy
which has improved the safety of coronary interventions.
Previous trials of comparing CABG and PCI for high risk,
multivessel coronary artery disease showed superiority
of CABG mainly by decreasing the need for target lesion
revascularization (1-3). With the technological advancement
and introduction of second-generation drug-eluting stents
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(DES), outcomes of PCI continue to get closer to those of
bypass surgery (4). However, in large-scale clinical trials,
PCI has not shown to reduce myocardial infarction (MI) or
mortality compared to medical therapy when it is performed
for SIHD (5,6). The main benefit of these procedures was
the reduction in anginal symptoms and improvement in the
quality of life, though, this has been contradicted by the
Objective Randomised Blinded Investigation with Optimal
Medical therapy of Angioplasty in Stable angina (ORBITA)
trial (7). The medical community continues to explore ways
to improve outcomes of PCI among patients with SIHD.
Factors such as patient selection, technical aspects of the
procedure and post procedure management may influence
PCI outcomes. This paper reviews procedural and non-
procedural factors which can improve outcomes of PCI
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performed for STHD patients.

Patient selection based on ischemic burden

PCI has proven to be effective and is associated with reduced
cardiovascular mortality in high-risk clinical scenarios
such as unstable angina or acute coronary syndromes
(8,9). However, the role of elective PCI among patients
with stable coronary artery disease to reduce the risk of
MI and mortality is unclear (5,6). The Clinical Outcomes
Utilizing Revascularization and Aggressive Drug Evaluation
(COURAGE) trial failed to show a significant difference
of MI and mortality among SIHD patients treated with
PCI in association with optimal medical therapy (OMT)
compared to OMT alone (5). The COURAGE trial was
criticized due to its enrollment process leading to selection
bias by exclusion of potentially high risk patients, and high
crossover rates (10). However, these findings have led to
a decrease in the number of revascularization procedures,
and a ‘medical therapy first’ approach is recommended and
preferred, particularly for the low risk patients (11). The
nuclear substudy of the COURAGE trial showed that the
addition of PCI to OMT results in a greater reduction in
inducible ischemia along with freedom from angina (5) in
higher risk patients. Moreover, >5% reduction in ischemic
burden and lower residual ischemia after revascularization
or medical therapy predicted a reduced risk of MI and
death; the benefit of therapy was greatest among patients
with more severe ischemia at baseline. Although this small
subgroup analysis did not show a significant reduction in
clinical events with the addition of PCI to OMT regardless
of the severity of baseline ischemia, these findings were
hypothesis-generating. In the large observational study
by Hachamovitch et a/., involving 13,969 patients with a
long-term follow up, early revascularization was associated
with improved survival among patients with significant
ischemia without myocardial scar while medical therapy was
superior for patients with minimal ischemia (12). Although
the practice guidelines recommend to consider the degree
of myocardial ischemia quantified on noninvasive testing
prior to considering cardiac catheterization (13), this
recommended strategy has been underutilized (14). An
analysis of 23,887 Medicare patients by Lin er 4/. showed
that the majority of the patients with SIHD patients did
not have documented ischemia by noninvasive testing prior
to undergoing elective PCI (14). The International Study
of Comparative Health Effectiveness with Medical and
Invasive Approaches (ISCHEMIA) trial that was started
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in 2012 and included patients with moderate to severe
ischemic burden at baseline will help to elucidate if PCI will
improve clinical outcomes when guided by the burden of
ischemia demonstrated by non-invasive testing (15).

Invasive evaluation of ischemia

Fractional flow reserve (FFR) measures the pressure gradient
across a coronary artery stenosis to quantify the relative flow
reserve at maximum myocardial hyperemia (16). An FFR ratio
of less than 0.75-0.80 reveals hemodynamically significant
flow limiting stenosis and is associated with inducible
myocardial ischemia (16). The Functional Flow Reserve
versus Angiography for Multivessel Evaluation (FAME)
trial showed that routine measurement of FFR to guide
PClI significantly reduced the rate of death, MI and need for
repeat revascularization procedures compared to patients
who underwent PCI based on angiographic results (17).
The composite outcome of death and MI was also reduced.
Moreover, patients who underwent ischemia driven PCI
had fewer stents, and decreased contrast use. In the FAME2
trial, which randomized patients with hemodynamically
significant coronary stenosis based on abnormal FFR (<0.80)
to PCI versus OMT, recruitment was halted prematurely
after there was significant reduction in the primary end point
(death, MI, urgent revascularization) noted among patients
who underwent PCI compared to medical therapy (18). The
difference of outcomes was primarily driven by increased
number of urgent revascularization procedures in the
medical therapy group which was triggered by abnormal
biomarkers and/or ECG changes. Moreover, among 25% of
the patients in this trial who had abnormal FFR <0.8, there
was no evidence of significant obstructive disease based on
angiography (18). Thus, angiography alone, without using
FFR, may underestimate clinically significant ischemic
lesions, which, if left untreated, may lead to worse clinical
outcomes. In a meta-analysis of 7 studies involving 49,517
patients, FFR guided PCI was associated with lower major
adverse cardiovascular events (MACE), death, MI, and
repeat revascularization compared to angiography guided
PCI (19). Previous trials which enrolled patients primarily
based on angiographic findings irrespective of the degree
of ischemia on noninvasive testing, have failed to show a
benefit of revascularization compared to medical therapy
for the patient with stable coronary artery disease (5,6).
PCI for hemodynamically significant disease by FFR (when
FFR of 0.80 or less) is superior compared to medical
therapy, particularly mitigating the need for urgent
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revascularization (18,19).

The instantaneous wave free ratio (iFR) is a recently
developed physiological index which measures the resting
pressure gradient across coronary stenosis during the portion
of diastole during the period of low and stable microvascular
resistance (20). Studies have shown that the iFR has similar
diagnostic accuracy as FFR as an independent measure of
ischemia without the need to administer adenosine leading to
lower rates of adverse reactions and chest discomfort during
the procedure (21). In summary, ischemia guided PCI using
FFR and iFR may lead to superior outcomes and should be
preferred over angiography guided PCI, especially in patients
with borderline severe lesions.

Complete revascularization improves outcomes

The residual stress-inducible ischemia after revascularization
or medical therapy is associated with an increased risk of
adverse clinical events and the goal of revascularization is to
minimize residual ischemia (5,22). The benefit of complete
revascularization was recognized in initial trials of patients
undergoing CABG. The subgroup analysis of the Coronary
Artery Surgery Study (CASS) registry showed that patients
who had more than 3 grafts had better survival outcomes
than patients who received 1 or 2 grafts (23). In a meta-
analysis of 89,883 patients, complete revascularization was
associated with lower mortality, MI and need for repeat
revascularization procedures irrespective of revascularization
strategy, and it was more frequently achieved with CABG
than with PCI (24). The major randomized controlled trials
involving patients with multivessel coronary artery disease
showed that CABG was superior to PCI, mainly because of
higher rates of repeat revascularization in the PCI group
(1,2). However, a pooled analysis of 3,212 patients, from
the randomized comparison of CABG and Everolimus
Eluting Stent Implantation in the Treatment of Patients
with Multivessel Coronary Artery Disease (BEST) trial,
the Synergy between Percutaneous Coronary Intervention
with Taxus and Cardiac Surgery (SYNTAX) trial, and the
Premier of Randomized Comparison of Bypass Surgery vs.
Angioplasty Using Sirolimus-Eluting Stent in Patients with
Left Main Coronary Artery Disease (PRECOMBAT) trial,
showed that patients achieving complete revascularization
after PCI had similar outcomes and long term survival rates
compared to patients who underwent CABG and achieved
complete revascularization. On other hand, patients with
incomplete revascularization after PCI had lower survival
rates (25). The practice guidelines recommend to consider
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the ability to achieve complete revascularization as one of
the factor into decision making of revascularization strategy
for patients with multivessel coronary artery disease (26).
The SYNTAX score, which is the surrogate marker for
disease complexity, is widely used in decision algorithms
while considering revascularization options (27). In the
SYNTAX trial, patients with the lowest SYNTAX score
had similar rates of complete revascularization between
PCI and CABG and no statistically significant difference in
clinical events. However, patients who underwent PCI in
the presence of higher SYNTAX score had higher rates of
incomplete revascularization and major adverse cardiac and
cerebrovascular events (1,27). The patients with complex
coronary disease such as chronic total occlusions (CTO),
bifurcation or trifurcation lesions, heavy calcification, and
diffuse disease had higher SYNTAX scores and were more
likely to have incomplete revascularization with either
revascularization strategies, but more so with PCI (27). The
major factor for not achieving complete revascularization
after PCI in the SYNTAX trial was the presence of CTO
(27,28). The techniques to recanalize CTOs have evolved
significantly over the past 5-10 years and success rates have
been reported to be as high as 80-90% by experienced
operators (29). Although there is no large randomized
controlled trial to show that CTO interventions improve
outcomes, CTO interventions can be considered after
considering risk and benefit ratio in patients with
severe symptoms, high grade ischemia and viable
myocardium (13,22). Thus, the achievement of complete
revascularization is an important factor that is associated
with improvement in the long-term outcomes in patients
undergoing percutaneous but also surgical revascularization.
In patients with multivessel coronary artery disease who
are not candidates for CABG, percutaneous interventions
should aim at achieving minimal residual ischemia. PCI
should be considered for all coronary stenoses in major
coronary arteries contributing to high ischemic burden, and
FFR may be useful in evaluating lesions that are functionally
significant and merit interventions.

Coronary stenting and intervention techniques

The bare metal stents reduced the rates of balloon
angioplasty related complications such as acute vessel
closure from elastic recoil and dissections and improved
clinical outcomes, but neointimal hyperplasia and
subsequent restenosis was the major limitation (30). DES
were developed to overcome this limitation by inhibiting
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neointimal proliferation and it was associated with reduced
rate of restenosis, but an increased risk of late stent
thrombosis (31). The peri-strut inflammation and impaired
endothelialization after DES implantation was associated with
delayed stent strut coverage and an increased risk of stent
thrombosis (32). Newer, second generation DES which have
thinner struts and an optimized release of antiproliferative
drugs leading to rapid endothelialization (33) are associated
with decreased late stent thrombosis along with a reduction
in restenosis rates (33).

The development of newer generation stent technology
has resulted in improved outcomes, however, there remains
considerable variation in the balloon inflation techniques
for stent deployment including balloon compliance,
inflation pressures and length of inflation that may impact
short and long-term outcomes (4). Less than optimal
techniques for stent deployment may lead to suboptimal
stent expansion which is associated with an increased rate
of stent thrombosis and restenosis (34). A common practice
is predilation for stent delivery, then rapid inflation and
deflation of stent balloon usually for 30 seconds or less with
the subsequent use of a non-compliant balloon for post
dilatation being performed routinely or in some cases only
if angiography shows suboptimal stent expansion. Although
post-dilatation may theoretically optimize stent expansion
and decrease malapposition, it has never been proven to be
effective in a large scale clinical study. In fact, an analysis
of the Swedish Coronary Angiography and Angioplasty
Registry data raised concern regarding increased restenosis
rate with post dilatation (35). Moreover, the availability of
low-profile stent delivery systems leads to the possibility
of direct stenting without predilation of the lesion. In
a randomized controlled trial direct stenting was safe,
successful and had similar outcomes, though 6-15 percent
of patients in the direct stenting group required predilation
due to inability to cross the lesion directly with the stent.
In a meta-analysis involving 10,900 patients, direct stenting
was associated with lower rates of MI and target lesion
revascularization (36). The optimal stent expansion can be
achieved with prolonged high pressure balloon inflation
during stent deployment. Stents are typically deployed
with high pressure inflation at around 12-16 atm and
lower pressure is used in the presence of significant vessel
tapering, or when there is a concern for proximal or distal
edge injury. Data from the Swedish registry showed a
stepwise reduction in restenosis and stent thrombosis rates
when inflation pressure increased up to 20-21 atm but at
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higher inflation pressure greater than 21 atm there was
an increase in clinical events (35). Although the optimal
duration of balloon inflation depends on the length of the
lesion as well as plaque composition, in general, studies
showed that a longer duration of balloon inflation was
beneficial as it can overcome resistance of fibrocalcific
plaque (35). In the study by Cook ez 4l., the stent balloon
was inflated until pressure was stabilized and it was
termed as pressure optimization protocol. The average
inflation duration in this study for the patient who had
stent deployment based on pressure optimization protocol
was 104 seconds, and it showed reduced target vessel
revascularization rates compared to patients who underwent
rapid inflation and deflation (37). A meta-analysis of seven
studies involving 341 patients showed that prolonged
balloon inflation was associated with improved stent
expansion with increased minimal stent diameter and area
compared to shorter inflation (38). In spite of the current
evidence showing benefit of prolonged inflation, there
seems to be some reluctance among physicians to perform
prolonged inflation, due to increased time of procedure and
the potential for hemodynamic compromise due to ischemia
during balloon inflation. However, the above-mentioned
study showed that in most conditions prolonged inflation is
safe and provides clinical benefit.

Imaging guidance for stent implantation

Even though angiography visualizes only coronary lumen
and has several limitations, it is the most widely technique
used to assess lesion characteristics and severity, and
to guide coronary interventions. Two catheter-based
imaging techniques, intravascular ultrasound (IVUS) and
optical coherence tomography (OCT), with an ability
to visualize lumen and vessel wall and to characterize
lesion morphology, have been used to assist coronary
interventions. Anatomical assessment of coronary lesions
with these imaging techniques prior to intervention may
provide valuable information to guide appropriate PCI
strategies, and stent sizing. It also helps to optimize stent
deployment by evaluating stent expansion, malaposition of
stent struts, geographic miss and identifying immediate post
PCI complications such as edge dissection, hematoma, and
thrombus (39,40).

The CRUISE (Can Routine Ultrasound Influence Stent
Expansion) study showed greater minimal lumen diameter
and minimal stent area among patients who underwent
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IVUS guided PCI (41). This resulted into lower rates
of clinically driven target vessel revascularization (41).
The ADAPT-DES (The Assessment of Dual Antiplatelet
Therapy with Drug-Eluting Stents) study showed in a
propensity-adjusted analysis that patients who underwent
peri-procedure IVUS assessment had lower rates of stent
thrombosis, MI and target vessel revascularization (42).
In this study, longer stents, larger size balloons/stents,
and higher inflation pressures were used in IVUS guided
PCI group without increasing risk of peri-procedure MI.
The study also showed that the greatest absolute benefit
of using IVUS was noted in patients with acute coronary
syndromes and with complex coronary anatomy (42). The
HORIZONS-AMI IVUS sub study showed that early
stent thrombosis after primary PCI for ST elevation MI
was associated with small residual luminal area, under
expansion, thrombus protrusion, and edge dissection (43).
IVUS may help to identify these complications and leads to
additional post-procedure interventions to remediate them.
The meta-analysis of the seven randomized trials (3,192
patients) of IVUS guided versus angiography guided DES
placement showed that the use of IVUS was associated with
a lower rate of MI, stent thrombosis and ischemia driven
target lesion revascularization (44). The meta-analysis also
showed that more patients in the IVUS guided PCI group
had post dilatation which lead to significantly larger post
procedure minimal lumen diameter and greater reduction in
the diameter stenosis. In a randomized controlled trial, Kim
et al. showed that IVUS guided CTO interventions were
associated with a lower rate of MACE along with a reduced
composite endpoint of cardiac death and MI (45). In this
trial, although target vessel revascularization was lower in
the IVUS guided intervention group, it was statistically
not significant. The Minimizing Contrast Utilization with
IVUS Guidance in Coronary Angioplasty (MOZART)
trial showed that IVUS guidance can minimize the need
for contrast use and reduce the risk of post PCI contrast
induced renal insufficiency (46). For patients at significantly
higher risk of progression of renal insufficiency, PCI can
be safely performed without contrast agent using IVUS
guidance pre and post stent deployment (47).

OCT has superior resolution compared to IVUS at the
expense of limited depth of penetration and may be unable
to resolve the external elastic membrane accurately. The
fast pullback acquisition and fully automated volumetric
lumen segmentation with angiography co-registration
makes the OCT very precise for stent length estimation (40).
Initial studies showed that IVUS guidance was associated
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with a larger minimal stent area, likely because IVUS tends
to overestimate lumen area. A subsequent randomized
controlled trial (LUMIEN III) showed that OCT guided
PCI using the external elastic lamina as a reference segment
was feasible and resulted in a minimal stent area similar
to that of IVUS guided PCI group (48). The Optical
Frequency Domain Imaging Versus IVUS in percutaneous
coronary intervention (OPINION) trial which randomized
817 patients to OCT guided and IVUS guided PCI showed
no difference in clinical endpoints, and OCT was non-
inferior to IVUS (49). In retrospective studies, OCT guided
PCI was associated with improved procedural outcomes, in-
hospital MACE and also long term survival compared to
angiography guided PCI (50).

In the Observational Study of Optical Coherence
Tomography in Patients Undergoing Fractional Flow
Reserve and Percutaneous Coronary Intervention—
(ILUMIEN 1) study, patients who underwent pre-PCI
OCT, the procedure was altered in 55% of patients by
selecting different stent lengths (51). Also after achieving
clinically satisfactory stent implantation using angiographic
guidance, post PCI OCT showed malapposition (14.5%),
under-expansion (7.6%), edge dissection (1.7%), thrombus
and tissue protrusion (1%) which lead to post PCI
optimization in 25% of patients with post dilatation or
additional stent deployment. Similarly, the Does Optical
Coherence Tomography Optimize Results of Stenting
(DOCTORSYS) trial showed in patients who presented
with non ST segment elevated MI, that OCT use led the
operator to select a post-procedure optimization strategy
in 50% of patients compared to 22% in the angiography-
guided PCI group, leading to more post dilatation, lower
residual stenosis and higher post procedure FFR (52).
The study showed that OCT-guided procedures were
associated with a higher volume of contrast use as this

imaging technique requires injection of contrast during
pullback (52).

Post PCl management

The patients with obstructive coronary artery disease
after PCI will need to be followed on regular basis for
optimization of medical therapy and risk factors, and should
be encouraged to adopt lifestyle modifications such as
smoking cessation, regular exercise, and weight reduction (53).
These measures have a significant role in preventing
future cardiovascular as well as cerebrovascular events
and improving quality of life (13,22,53). Dual antiplatelet
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Figure 1 Factors that can lead to optimized outcomes in patient
undergoing PCI. FFR, fractional flow reserve; PCI, percutaneous
coronary intervention; SIHD, stable ischemic heart disease; DAPT,
dual antiplatelet therapy.

therapy with aspirin and P2Y12 inhibitor is required after
PCI with stent implantations to prevent stent thrombosis.
However, the optimal duration of dual antiplatelet therapy
(DAPT) for patients undergoing PCI with DES for STHD
is uncertain (53). Newer generation DES promote vascular
healing and the thin struts allow a rapid endothelialization
and thus, shorter courses of DAPT therapy may be
reasonable, particularly for patients at higher risk of
bleeding (54,55). Randomized controlled trials showed
similar rates of stent thrombosis in patients who received
shorter courses (3 to 6 months) of DAPT compared to
standard 12 months of DAPT (54,55). The ACC/AHA
guideline updates in 2016 recommended 6 months of
DAPT therapy (class I recommendations) after DES
and with consideration for extended duration of DAPT
for selected patients (class IIb recommendations) (53).
The benefit of extended duration of DAPT for up to
30 months was first demonstrated in the Dual Antiplatelet
Therapy (DAPT) Study (56). In this trial, additional
18 months of DAPT therapy after PCI with DES
significantly reduced the risk of stent thrombosis and MI
at the expense of increased risk of bleeding (56). The all-
cause mortality was higher with the use of DAPT for up
to 30 months. The DAPT score can predict the risk of
ischemic events after PCI and can help identify patients
who will have greater benefit for continuation of DAPT
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beyond 12 months (57). This score has been validated by
many registries and patients with a DAPT score of 2 or
greater are noted to have a favorable risk/benefit ratio for
the use of prolonged DAPT (57). Thus, the decision to
continue DAPT after PCI beyond 6 months should be
individualized for each patient taking into consideration the
risk of ischemic events and bleeding. For patients on oral
anticoagulation therapy, the addition of DAPT can cause 2-
to 3-fold increased risk of bleeding complications (58). The
WOEST trial showed that among the patients taking oral
anticoagulation, the use of clopidogrel without aspirin was
associated with a lower risk of bleeding and similar rates of
stent thrombosis (56). Another randomized controlled trial
showed similar rates of ischemic events and bleeding with
the reduced duration of triple therapy (aspirin, clopidogrel,
and anticoagulation) to 6 weeks versus 6 months of triple
therapy (59). The practice guideline recommended that
the duration of triple therapy should be as short as possible
and only dual therapy with oral anticoagulation and P2Y12
inhibitor should be used for patients at higher risk of
bleeding.

Statin therapy, apart from reducing cholesterol levels, has
pleiotropic effects such as reduced vascular inflammation,
improved endothelial function and reduced atherosclerotic
plaque progression (60). Statins have been extensively
studied and have been shown to be associated with favorable
long-term outcomes among patients with established
coronary artery disease (61). Incomplete endothelialization
following DES implantation is associated with an increased
risk of stent thrombosis (32). In a porcine model, the pre-
treatment with atorvastatin has been shown to facilitate
vascular healing by reducing inflammation improving
neointimal proliferation and endothelialization after
sirolimus eluting stent implantation (62). The randomized
OCT study showed that patients treated with high dose
statin had a lower percentage of uncovered stent struts (63).
Compared to low intensity statin, high intensity statin after
PCI may reduce rates of restenosis, stent thrombosis, and
improves cardiovascular outcomes (64-66).

In summary (Figure I), patients with moderate to high
burden of ischemia by non-invasive testing may benefit
from revascularization and these patients should undergo
cardiac catheterization to evaluate the coronary anatomy.
The hemodynamically significant coronary stenoses in the
major epicardial arteries leading to a large area of ischemic
myocardium should be targets for intervention. FFR and
iFR are still unsurpassed when compared to noninvasive
techniques to diagnose ischemia causing coronary stenosis,
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and remain the gold standard to predict clinical benefit of
intervention. FFR guided PCI is superior to angiography
guided PCI. The high pressure, prolonged stent balloon
inflation for stent deployment results in better stent
expansion and apposition of stent struts that is associated
with improved outcomes. Imaging guided PCI using
IVUS or OCT optimizes stent apposition and expansion
and it is associated with greater minimal stent area and
lower residual stenosis. Though intravascular imaging may
increase fluoroscopy time and length of procedure, it is safe,
feasible and associated with lower rates of mortality, MI and
target lesion revascularization in some but not all studies.
The complex and high-risk coronary lesions may benefit the
most from pre- and post-intervention imaging assessment.
Optimization of medical therapy for coronary artery disease
is essential. The trade-off between the risk of ischemic
events and bleeding should be considered in determining
duration of DAPT and the use of triple therapy should
be used only in selected patients for the shortest possible
duration. The high intensity statin therapy facilitates
vascular healing after DES implantation and reduces the
risk of cardiovascular events.
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