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Abstract

Purpose of Review Non-ST-elevation myocardial infarction (NSTEMI) is an urgent medical condition that requires prompt
application of simultaneous pharmacologic and non-pharmacologic therapies. The variation in patient clinical characteristics
coupled with the multitude of treatment modalities makes optimal and timely management challenging. This review summarizes
risk stratification of patients, the role and timing of revascularization, and highlights important considerations in the revascular-
ization approach with attention to individual patient characteristics.

Recent Findings The early invasive management of NSTEMI has fostered a reduction in future ischemic events. Risk calculators
are helpful in determining which patients should receive early invasive management. As many patients have multivessel disease,
identifying the true culprit lesion can be challenging. Special attention should be given to those at the highest risk, such as
diabetics, patients with renal failure, and those with left main disease.

Summary In patients with acute coronary syndrome, the decision and mode of revascularization should carefully integrate the

patient’s clinical characteristics as well as the complexity of the coronary anatomy.

Keywords Non-ST-elevation myocardial infarction - Revascularization - Review

Introduction

Non-ST-elevation myocardial infarctions (NSTEMI) repre-
sent a major subset of acute coronary syndromes and are a
significant cause of morbidity and mortality for hundreds of
thousands of US patients annually [1]. Data to support early
invasive management have been adopted for over a decade,
with evidence pointing to a reduction in subsequent ischemic
events [2, 3]. Whether patients are treated with an early or
ischemic-guided approach, coronary revascularization
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commonly ensues. Determining the mode of revasculariza-
tion, be it percutaneous coronary intervention (PCI) or coro-
nary artery bypass grafting (CABG) depends on patient-
specific as well as anatomic considerations. Patient-specific
factors include presence of diabetes, renal insufficiency, cere-
brovascular disease, and other comorbidities that influence
operative risk. Anatomical considerations primarily address
feasibility of PCI, success rates, and risk of subsequent target
vessel failure. Presence of left ventricular dysfunction and/or
valvular abnormalities are other variables that play a signifi-
cant role in decision-making.

Once all variables have been analyzed, a discussion with
the patient regarding the benefit of revascularization and the
risk of complications should follow. A shared decision-
making process ensues. Depending on the anatomical details
and application of the contemporary evidence, surgical revas-
cularization may be a reasonable option, so the decision-
making process should then incorporate a surgical opinion,
what has typically been labeled the heart team approach.
The ultimate goal is to provide a safe intervention (in this case
a revascularization modality) that not only alleviates symp-
toms, but also decreases future morbidity and mortality.
Traditionally, CABG has been the preferred method of
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revascularization for patients with extensive disease and spe-
cific comorbidities while percutaneous coronary intervention
(PCI) has been preferred for patients with discrete coronary
lesions. With advances in PCI equipment and techniques,
these traditional and binary guidelines have been challenged.
Drug-eluting stents (DES), particularly the second and third-
generation devices have significantly reduced the risk of com-
plications and target vessel failure [4, 5]. Potent antiplatelet
therapies and high-potency statins not only contribute to early
success but provide significant reduction in subsequent risk of
ischemic events [6, 7]. Table 1 not only demonstrates the
shifting clinical practice with higher percentages of patients
referred to revascularization but also the steady increase in
proportion of patients revascularized by PCIL.

It is important to recognize that most randomized-
controlled trials comparing the two modalities have a patient
population who are eligible for both modes of revasculariza-
tion, and thus often only address a subset of “real-world”
patients. This paper will attempt to contemporize practical
revascularization strategies and principles important to the
management of NSTEMI.

Optimal Timing of Revascularization

The 2014 American College of Cardiology (ACC)/American
Heart Association (AHA) Guidelines for the Management of
Patients with NSTEMI recommend combining clinical histo-
ry, physical examination, electrocardiogram (ECG), and car-
diac biomarkers to make a rapid determination of the likeli-
hood of obstructive coronary artery disease [8¢]. Risk strati-
fication after a diagnosis of NSTEMI is made a crucial first
step in the management of such patients as risk stratification
not only guides the heart team’s decision on timing of revas-
cularization but also provides patients with information re-
garding their prognosis. Patients with NSTEMI are at a widely
varying risk of morbidity and mortality. The Thrombolysis in

Myocardial Infarction (TIMI) and Global Registry of Acute
Coronary Events (GRACE) scoring systems are two tradition-
al models which have been used to facilitate triage and
decision-making in NSTEMI patients [9, 10]. The more con-
temporary HEART score, which is predictive of the 6-week
risk of major adverse cardiac events, may provide better pre-
diction of events compared with TIMI and GRACE models
[11, 12]. Furthermore, high-sensitivity troponin assays may
help accelerate the management of patients as dynamic chang-
es in troponin levels during serial sampling can help distin-
guish ischemic from non-ischemic causes of chest pain and
mild cardiac enzyme leak. Incorporation of a high-sensitivity
troponin should be embedded into the chest pain algorithm
from the time the patient is seen in the emergency department.
The rule-out safety and rule-in performance of a 0 and 1-h
high-sensitivity troponin assessment demonstrated a sensitiv-
ity of 99.4% with a negative predictive value of 99.8% [13].

After initial risk assessment has been performed, the clini-
cian’s next step is to triage patients towards one of two broad
pathways: an early-invasive or ischemia-driven pathway.
While the aforementioned risk stratification tools can provide
some level of decision-making support, individualization of
management based on an overall clinical picture is paramount.
It is important to identify unstable patients early and proceed
with angiography on a more urgent/emergent (within 2 h) ba-
sis. These include those with persistent angina despite inten-
sive attempts at medical therapy, dynamic ECG changes, he-
modynamic instability, electrical instability, or those with se-
vere left ventricular dysfunction or overt heart failure. Most
stable NSTEMI patients will undergo a routine early invasive
approach utilizing coronary angiography within 2448 h of
hospitalization. The ischemia-guided approach is practical for
patients at low risk for in-hospital mortality and typically have
no concerning ECG findings or only minimally detectable
elevation in cardiac biomarkers.

Several studies have demonstrated that early angiography
and revascularization are known to reduce the risk of

Table 1 Trends of

revascularization in selected Study Year Enrolled patients % of cohort revascularized PCI CABG

landmark acute coronary

syndrome studies TIMI 11IB 1995 1473 4.1% 59.0% 49.2%
VANQWISH 1998 920 36.4% 45.7% 54.3%
FRISC IT 1999 2457 57.2% 52.8% 47.2%
TACTICS-TIMI 18 2001 2220 54.8% 65.4% 34.6%
CURE 2001 12,564 37.6% 56.2% 43.8%
RITA-3 2002 1810 43.0% 60.8% 39.2%
SYNERGY 2004 9978 65.7% 71.5% 28.5%
ACUITY 2006 13,819 67.5% 83.5% 16.5%
EARLY-ACS 2009 9406 72.1% 81.9% 18.1%
TIMACS 2009 3031 71.7% 80.1% 19.9%
PLATO 2009 18,624 74.5% 86.3% 13.7%
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refractory ischemia, recurrent myocardial infarction, repeat
hospitalization, and death [2, 14, 15] (Fig. 1).

According to the CathPCI Registry, more than 70% of all
PCI procedures performed in 2017 were in patients with un-
stable angina (UA) or NSTEMI [16]. While coronary angiog-
raphy in the setting of NSTEMI has increased, as per
Medicare Provider Analysis and Review, there has been only
a modest increase in the percent of NSTEMI patients receiv-
ing PCI during initial hospitalization (from 21.3% in 2002 to
33% in 2014). Roughly 8-10% of patients will undergo
CABG, while the remainder receive conservative best-
practice medical therapy [17]. Additionally, 32-40% of pa-
tients with a NSTEMI will undergo PCI [16]. The exact timing
of PCI in hemodynamically stable NSTEMI patients remains
a subject for debate. Earlier randomized trials demonstrated no
difference in extent of myonecrosis or major adverse events
between those treated within the first 2 h vs 24-48 h [18].
Another prospective randomized trial compared immediate
(<2 h), early (1048 h), and selective angiography, again
demonstrating no difference in major ischemic events at
6 months [19]. However, more recent data point to a reduction
in major ischemic events, mostly new myocardial infarctions,
in those subjected to angiography and revascularization within
the first 2 h. In the RIDDLE-NSTEMI trial, 323 NSTEMI
patients were randomized 1:1 to an immediate-intervention
group (<2 h after randomization) and a delayed-intervention
group (2 to 72 h). The primary endpoint was the occurrence of
death or new myocardial infarction (MI) at 30-day follow-up.
That was achieved less frequently in patients undergoing im-
mediate compared to delayed intervention (4.3% vs. 13%, p =
0.008), the difference primarily driven by excess new infarc-
tions in the delayed intervention group [20]. A meta-analysis
of eight randomized clinical trials addressing early versus
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Fig. 1 Outcomes of early vs. delayed invasive approach to management
of ACS patients in the TIMACS study. The difference in the composite
primary outcome of death, myocardial infarction, or stroke in the early-
intervention and delayed-intervention group did not reach statistical
significance (panel a). However, early intervention was associated with
strong and statistically significant reduction in the risk of the composite

delayed angiography and including more than 5000 patients
followed for a median of 180 days does not show improved
survival in all comers. It does however suggest that early angi-
ography contributes to improved survival in certain subsets of
high-risk patients such as those with positive biomarkers, higher
GRACE scores, diabetes, or age of 75 years or older [21] (Fig. 2).
Current guidelines do not offer recommendations regard-
ing the optimal timing of CABG in patients with NSTEML.
Early retrospective studies found that when CABG was per-
formed earlier in patients with NSTEMI, there was a trend
towards more significant in-hospital mortality, heart failure,
MI, and cardiogenic shock [22-25]. However, in the largest
cohort of patients who underwent CABG for NSTEMI, im-
mediate CABG (performed within 24-h of diagnosis of
NSTEMI) had similar long-term outcomes compared to de-
layed CABG (72 h after presentation) despite patients having
higher risk profiles [26]. As NSTEMI is characterized by non-
transmural necrosis, early revascularization may limit infarct
expansion and possible progression to transmurality.
However, randomized trial evidence for such findings after
CABG for NSTEMI patients is not currently available.

Considerations for Revascularization

In single and most two-vessel disease patients, it is typically
easier to decide in favor of a PCI approach to revasculariza-
tion. However, when multivessel revascularization is neces-
sary, strong consideration should be given to a surgical ap-
proach. As discussed, clinical and anatomic variables in addi-
tion to patient preferences all play a role in the shared
decision-making process. Diabetes, for example, is an impor-
tant clinical variable that should guide management and is
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secondary outcome of death, myocardial infarction, or refractory
ischemia, compared with the delayed intervention group (panel b).
(From Mehta SR, et al. N Engl J] Med. 2009;360(21):2165-75,
Copyright © 2009 Massachusetts Medical Society. Reprinted with
permission from Massachusetts Medical Society) [2]
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Fig. 2 Survival benefit of early invasive approach demonstrated in high-
risk ACS patient subsets. In a meta-analysis of 5000 ACS patients
enrolled in 8 randomized trials, an early invasive approach was not
associated with survival benefit for all comers. However, survival

discussed in detail below. In patients eligible for either ap-
proach, long-term mortality is comparable with both strate-
gies; however, rates of subsequent myocardial infarction and
need for repeat revascularization are higher with PCI in most
patient subsets with multivessel intervention [27, 28]. Patients
who have concomitant valvular disease may be more appro-
priate for surgical correction, though a hybrid PCl/valve sur-
gery management strategy is certainly a consideration. We
will now focus on specific patient populations as well as gen-
eral considerations regarding revascularization strategies.

Complete Vs Culprit-Only Revascularization

The incidence of multivessel CAD ranges from 29 to 60%
[29, 30] and a crucial benefit afforded by CABG is the
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benefit was statistically significant in pre-specified high-risk subgroups
such as shown here (positive biomarkers, diabetes, elderly, high GRACE
score). (Reprinted from The Lancet, Jobs A, et al. Lancet.
2017;390(10096):737-46, with permission from Elsevier) [17]

completeness of revascularization. Insights from the
Bypass Angioplasty Revascularization Investigation
(BARI) and the Arterial Revascularization Therapies
Study demonstrated that incompletely revascularized pa-
tients tended to suffer from recurrent angina and need for
repeat revascularization; this was largely driven by worse
baseline clinical and angiographic characteristics [31, 32].
This conclusion is based on all-comers to the trials and
information regarding how many NSTEMI patients were
represented is unavailable. Multivessel PCI, however, has
been shown to be safe in patients with NSTEMI, and
patients treated with such an approach had similar rates
of mortality and MI compared to those who underwent
culprit-only PCI at 30 days and 6 months along with low-
er rates of repeated revascularization at 6 months of
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follow-up [33]. It is challenging, however, to identify cul-
prit lesions by angiography alone in patients with
NSTEMI, and guideline documents are often lacking.

Several tools can be used to help guide the completeness of
revascularization. The Synergy Between Percutaneous
Coronary Intervention with TAXUS and Cardiac Surgery
(SYNTAX) trial attempted to develop a more stratified ap-
proach for assessing revascularization options [34]. While it
is a commonly employed tool for the interventionalist manag-
ing a patient with multivessel disease, its utility in the setting
of NSTEMI is debatable as patients with acute myocardial
infarction were excluded from the SYNTAX patient cohort.
Another useful tool is fractional flow reserve (FFR) where
deferred revascularization in lesions above a cutoff of 0.75 is
associated with lower major adverse cardiovascular events
[35]. Utilizing FFR in the setting of NSTEMI has been con-
firmed with similar predictive value [36]. Tools such as the
SYNTAX score and FFR while helpful should again be used
in light of the clinical judgment along with the risk versus
benefit ratio always being considered.

If PCl is selected as the mode of revascularization, achieving
complete revascularization in a single setting versus a staged
fashion is a consideration. Conclusions from the Single-Staged
Compared with Multi-Staged PCI in Multivessel NSTEMI
Patients Trial (SMILE) supported one-stage over multistage
revascularization in terms of reduced major adverse cardiac
events. Although the staged procedures were completed within
7 days, the increased event rates in the staged PCI group were
mainly attributable to an unexplained higher incidence of target
vessel revascularization beyond the first 6 months [37]. As
mentioned before, identifying culprit lesions in the setting of
an NSTEMI with multivessel disease can be difficult and stag-
ing an intervention may lead to the possibility of performing the
sentinel PCI on a non-culprit vessel. If complete revasculariza-
tion can be achieved in a fashion that limits procedure time,
exposure to high contrast volumes, and exposure to excess
fluoroscopy, single-sitting PCI should be considered.

Diabetic Patients

Coronary artery disease is accelerated in diabetic patients as it is
a pro-atherogenic condition due to increased endothelial dys-
function, more dyslipidemic states, increased platelet aggrega-
tion, and impaired fibrinolysis [38]. Roughly 25% of patients
undergoing coronary revascularization have diabetes mellitus,
though this percentage may be increasing in the last decade
[39]. Regardless of the mode of revascularization, outcomes
in diabetic patients are generally inferior to those in non-dia-
betics. Patients with diabetes undergoing CABG typically suf-
fer from poor graft conduits and accelerated rates of venous
bypass occlusion not to mention higher perioperative risks,
while PCI outcomes are affected by high restenosis rates. The
BARI trial sets the precedent demonstrating improved long-

term survival with CABG [40]. These results were corroborated
in the FREEDOM (Future Revascularization Evaluation in
Patients with Diabetes Mellitus) trial which compared CABG
with first-generation paclitaxel-eluting stents and the BEST
(Randomized Comparison of Coronary Artery Bypass
Surgery and Everolimus-Eluting Stent Implantation in the
Treatment of Patients with Multivessel Coronary Artery
Disease) trial which compared CABG to second-generation
everolimus-eluting stents [41, 42¢]. In a Canadian study exam-
ining the applicability of the FREEDOM trial data to the gen-
eral population, about 5000 patients in a province-wide registry
coronary revascularization (3047 PCI and 1802 CABG proce-
dures) were followed for major cardiac and cerebrovascular
events for 5 years. As expected, there was a significant advan-
tage of CABG over PCI in reducing death and ischemic events.
At 30 days, there was a significant interaction between the
mode of revascularization and clinical presentation, with ACS
patients benefiting from CABG much earlier than those pre-
senting with stable disease (odds ratio for major events 0.49
[CL: 0.34 to 0.71]), whereas stable patients’ event rates were
not affected by revascularization strategy (odds ratio: 1.46 [CI
0.71 to 3.017]; p for interaction <0.01). After 5 years, the ad-
vantage of CABG over PCI was almost equally noted in ACS
and stable patients [43] (Fig. 3).

Despite the preponderance of evidence favoring CABG,
the door for PCI is not completely closed in these patients as
single and possibly double-vessel disease patients can benefit
from PCIL Current antiplatelet therapies and aggressive sec-
ondary preventative strategies post-revascularization were not
available or readily employed in previous studies.

Chronic Kidney Disease

Chronic kidney disease (CKD) represents a major independent
risk factor for adverse outcomes in patients with acute coronary
syndromes [10]. Patients with CKD, however, are more likely
to be managed conservatively with revascularization reserved
on for instances of recurrent myocardial ischemia. Furthermore,
CKD patients are often excluded from major clinical trials mak-
ing comparisons of PCI to CABG difficult to assess. Regardless
of the mode of revascularization, outcomes in patients with
CKD are less than ideal. In a patient undergoing CABG,
CKD is an intrinsic adverse prognostic factor with markedly
worse outcomes when compared to patients with normal renal
function [44]. Patients with CKD undergoing PCI are affected
by higher rates of restenosis on top of the ever-present risk of
contrast-induced nephropathy [45, 46]. The only major ran-
domized, prospective trial to assess differences between
CABG and PCI in CAD patients with CKD was a subset of
the ARTS trial. The two modes of revascularization demon-
strated equivalent rates of death, MI, or stroke, though PCI
was inferior with regard to reintervention rates; however, acute
MI patients were excluded from the cohort [47].
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Fig.3 Diabetics with ACS and multivessel disease in a real-life province-
wide database. Left panel: The early impact of revascularization modality
on the primary outcome (major adverse cardiac or cerebrovascular events,
MACCE, a composite of all-cause death, nonfatal MI, and nonfatal
stroke) and secondary outcomes (the individual components of
MACCE) expressed as odds ratios (ORs). The ORs for primary
outcome of MACCE were adjusted for age, sex, presentation (ACS vs.
stable disease), urgency (emergent, urgent vs. elective), and LVEF (>
50%, 30-50% vs. <30%). The ORs for MACCE (unadjusted and
adjusted) as well as for each of the component outcomes (except for

Left Main Coronary Disease

Significant (greater than 50% narrowing) left main CAD is
found in 4—6% of all patients who undergo coronary angiog-
raphy, and 10.7-11.2% of left main PCls are performed in the
setting of NSTEMI [48, 49]. Standard of care for patients with
significant unprotected left main coronary disease is CABG as
it confers significant survival benefit on repeated studies
[50-52]. This concept was further validated in the Nordic-
Baltic-British Left Main Revascularization Study (NOBLE)
in which 17-18% of the cohort represented patients with acute
coronary syndromes (not STEMI) [53] Revascularization by
CABG was shown to be superior to PCI even for left main
stenosis with low-intermediate SYNTAX scores (< 32)
though this was mainly driven by the need for repeat revascu-
larization included in the composite outcome. Patients with
NSTEMI represented 13.2% of the total cohort in the
Evaluation of XIENCE versus Coronary Artery Bypass
Surgery for Effectiveness of Left Main Revascularization
(EXCEL) trial which demonstrated the non-inferiority of
second-generation DES to CABG based on a primary com-
posite endpoint of all-cause mortality, M1, and stroke [54¢].
Comparisons of CABG to PCI in these studies did not account
for the even newer advancements in stent technology, proce-
dural technique, and medical therapy including antithrombotic
strategies. Furthermore, PCI should be considered in settings
where surgery carries prohibitive risk including cardiogenic
shock. Given the clinical equipoise presented with low-
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stroke) favored CABG over PCI as the revascularization mode of
choice for these patients. Right panel: The late impact of
revascularization modality on MACCE, its individual components,
repeat revascularization post-discharge (RR), and a composite of
MACCE plus RR [MACCE(r)] expressed as hazard ratios (HRs). The
HRs for unadjusted and adjusted MACCE, RR, MACCE(r), and
individual components of MACCE significantly favored CABG
compared to PCI as a revascularization modality. (Reprinted from
Ramanathan K, et al. ] Am Coll Cardiol. 2017;70(24):2995-3006, with
permission from Elsevier) [39]

intermediate left main disease, patient preference along with
the heart team approach should be a crucial influence towards
decision-making.

Cardiogenic Shock

Cardiogenic shock is typically seen in the context of STEMI,
which causes acute left ventricular dysfunction from contin-
ued cardiac myocyte ischemia and necrosis. Cardiogenic
shock can complicate either a large STEMI or NSTEMI, and
while mortality was traditionally thought to be similar be-
tween the two groups [55, 56], contemporary data demon-
strates the short-term mortality of NSTEMI-related shock is
higher [57]. The reason for comparable mortality rates is likely
because NSTEMI patients are older with more comorbid con-
ditions including previous MI, heart failure, renal dysfunction,
and peripheral vascular disease. Though NSTEMI patients in
shock are more likely to have recurrent ischemia, they are less
likely to undergo coronary angiography [55]. Nearly two
thirds of patients in the Global Use of Strategies To Open
Occluded Coronary Arteries (GUSTO)-IIb trial who devel-
oped shock in the setting of NSTEMI had three-vessel disease.
Only a small fraction of patients, however, received revascu-
larization. Percutaneous coronary angioplasty was associated
with improved mortality at 30 days whereas patients who
underwent CABG had worse outcomes [56]. Extrapolating
these findings in the approach to the current era of
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revascularization should be cautioned as the advancement of
technology and medical therapy has made significant strides.

Dual Antiplatelet Therapy

One of the major concerns cardiothoracic surgeons may have
in performing CABG in patients with NSTEMI is the in-
creased risk of bleeding, a result of the push towards upstream
use of oral antiplatelet medications, namely P2Y |, inhibitors.
Aspirin confers only a modest increase in bleeding risk for
CABG, and preoperative aspirin is known to reduce operative
morbidity and mortality [S8—61]. While current recommenda-
tions are to withhold P2Y, inhibitors from 5 to 7 days in
patients undergoing elective surgery because of the known
associated risks of bleeding and need for transfusion, the risk
of bleeding and transfusion should be weighed against the risk
of delaying surgery [8e¢]. Previous studies have shown that
performing CABG on clopidogrel therapy increases the risk
for transfusions but does not increase mortality or the rate of
re-operation for bleeding [62].

Hybrid Revascularization

Hybrid coronary revascularization (HCR) combines the prin-
cipal benefit of CABG (minimally invasive grafting of an
internal mammary artery to the left anterior descending) with
PCT of the remaining vessels. With this approach, the durabil-
ity of an arterial bypass conduit is married with the decreased
invasiveness of PCI. The most traditional approach to HCR
involved minimally invasive direct coronary artery bypass of
the left internal mammary artery (LIMA) to the left anterior
descending (LAD) coronary artery followed by PCI to the
non-LAD vessels, often in a staged fashion.

Performance of PCI prior to CABG allows surgery to
be an adequate bailout in the event of sub-optimal PCI but
also minimizes global ischemia during occlusion of the
LAD for anastomosis. For NSTEMI, PCI of a culprit
non-LAD vessel can be performed first, followed by sur-
gical revascularization including the LAD at a time dic-
tated by the patient’s clinical variables. This approach,
however, may require the surgeon to be comfortable with
operating on dual antiplatelet therapy. The alternative ap-
proach, where PCI is performed following CABG of the
LIMA to LAD, is appealing in the drug-eluting stent era
as dual antiplatelet therapy (DAPT) can be continued long
term. Furthermore, the assurance of a protected LAD may
provide confidence for the interventionalist to tackle le-
sions that are more complex and potentially mitigate the
need for adjunctive mechanical circulatory support. This
approach for the surgeon does require deliberate avoid-
ance of prolonged global myocardial ischemia from long
pump runs as well as careful attention to hemodynamics.
Simultaneous CABG and PCI in one setting within hybrid

operating suites is another alternative allowing for imme-
diate complete revascularization but requires collaborative
efforts between the interventionalist and the surgeon
balancing the need for antithrombotic management and
minimizing the risk of perioperative bleeding.

The results of a prospective cohort, 11-center National
Institutes of Health-funded study, were largely disappointing
with no significant difference in the rate of major adverse
cardiac events at 12 months [63]. Notably, myocardial infarc-
tion only represented subset of all patients. A randomized trial
with long-term outcomes, the Hybrid Revascularization
Observational Study, is currently comparing the effectiveness
of multivessel PCI with HCR.

Considerations for PCl

If PCI is selected as the preferred revascularization strat-
egy for a patient, the subtleties and nuances in procedure
technique are numerous. Some approaches are worth
reviewing including vascular access. Though the benefits
of radial access have been highly touted, and adoption is
increasing (10.9% in 2011 to 25.2% in 2014), only a
quarter of overall PCIs in the USA were performed from
a transradial approach [64]. This percentage has now
exceeded 33% in the CathPCI Registry. Several factors
are at play including a steeper learning curve, which can
result in longer procedure times and greater radiation ex-
posure. Interventionalists, however, should push for in-
creased transradial access for PCI as it is associated with
a similar rate of procedural success, reductions in the risk
of bleeding and vascular complications, lower costs, and
improved patient satisfaction, and improved mortality
[65]. A recent meta-analysis pooling 22,843 patients
across a spectrum of coronary artery disease found signif-
icant reductions in all-cause mortality for patients with
NSTEMI on subgroup analysis [66].

Chronic total occlusions (CTO) are common in patients
with NSTEMI and represent and independent predictor for
mortality and reduction in left ventricular function [67].
The reason why concurrent CTOs may affect prognosis in
NSTEMI patients may be in part related to the higher risk
profile of CTO patients in general (older age, previous MI,
reduced left ventricular function). In one study, the pres-
ence of a CTO in patients with NSTEMI independent from
that of the infarct-related artery was associated with higher
30-day, 6-month, and 1-year mortality [68]. Notably in this
study, the presence of a CTO did not affect the extent of
either percutaneous or surgical coronary revascularization.
The steep learning curve, technical difficulties, and lower
procedural success for CTO PCI may favor complete re-
vascularization via CABG in the correct clinical context.
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Conclusion

Patients with NSTEMI represent a challenge for the cardiolo-
gist to individualize patient care and provide timely revascu-
larization that will maximize benefit while minimizing expo-
sure to harm. Risk assessment should be performed as soon as
a diagnosis of NSTEMI is made with prompt decision-making
regarding the need for invasive assessment of coronary anat-
omy. Recent evidence supports an early invasive approach in
most patients, with evidence of reduced mortality and adverse
ischemic outcomes in high-risk subsets. The decision to
revascularize and the mode of revascularization should care-
fully integrate the patient’s clinical characteristics as well as
the complexity of the coronary anatomy.

Compliance with Ethical Standards

Conflict of Interest Bennet George, Naoki Misumida, and Khaled M.
Ziada declare that they have no conflict of interest.

Human and Animal Rights and Informed Consent  This review complies
with all ethical standards for clinical research on human subjects. This
article does not contain any studies with human or animal subjects per-
formed by any of the authors.

References

Papers of particular interest, published recently, have been
highlighted as:

» Of importance

*« Of major importance

1. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R,
et al. Heart Disease and Stroke Statistics-2017 update: a report from
the American Heart Association. Circulation. 2017;135(10):e146—
603.

2. Mehta SR, Granger CB, Boden WE, Steg PG, Bassand JP, Faxon
DP, et al. Early versus delayed invasive intervention in acute coro-
nary syndromes. N Engl ] Med. 2009;360(21):2165-75.

3. Fox KA, Poole-Wilson PA, Henderson RA, Clayton TC,
Chamberlain DA, Shaw TR, et al. Interventional versus conserva-
tive treatment for patients with unstable angina or non-ST-elevation
myocardial infarction: the British Heart Foundation RITA 3
randomised trial. Randomized intervention trial of unstable angina.
Lancet. 2002;360(9335):743-51.

4. Windecker S, Stortecky S, Stefanini GG, da Costa BR, Rutjes AW,
Di Nisio M, et al. Revascularisation versus medical treatment in
patients with stable coronary artery disease: network meta-analysis.
BMJ. 2014;348:23859.

5. Palmerini T, Biondi-Zoccai G, Della Riva D, Mariani A, Genereux
P, Branzi A, et al. Stent thrombosis with drug-eluting stents: is the
paradigm shifting? J] Am Coll Cardiol. 2013;62(21):1915-21.

6. Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H,
Held C, et al. Ticagrelor versus clopidogrel in patients with acute
coronary syndromes. N Engl J Med. 2009;361(11):1045-57.

7. Cannon CP, Braunwald E, McCabe CH, Rader DJ, Rouleau JL,
Belder R, et al. Intensive versus moderate lipid lowering with

@ Springer

10.

11.

13.

14.

16.

17.

18.

19.

20.

21.

22.

statins after acute coronary syndromes. N Engl J Med.
2004;350(15):1495-504.

Amsterdam EA, Wenger NK, Brindis RG, Casey DE Jr, Ganiats
TG, Holmes DR Jr, et al. 2014 AHA/ACC Guideline for the man-
agement of patients with non-st-elevation acute coronary syn-
dromes: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. J
Am Coll Cardiol. 2014;64(24):¢139-228 The AHA/ACC guide-
lines represents a carefully complied document detailing the
knowledge base and all proven therapies with detailed expla-
nation of the level of evidence provided by the most contempo-
rary studies in the management of NSTEMI patients.

Antman EM, Cohen M, Bernink PJ, McCabe CH, Horacek T,
Papuchis G, et al. The TIMI risk score for unstable angina/non-
ST elevation MI: a method for prognostication and therapeutic de-
cision making. JAMA. 2000;284(7):835-42.

Fox KA, Dabbous OH, Goldberg RJ, Pieper KS, Eagle KA, Van de
WerfF, et al. Prediction of risk of death and myocardial infarction in
the six months after presentation with acute coronary syndrome:
prospective multinational observational study (GRACE). BMJ.
2006;333(7578):1091.

Six AJ, Backus BE, Kelder JC. Chest pain in the emergency room:
value of the HEART score. Neth Hear J. 2008;16(6):191-6.
Backus BE, Six AJ, Kelder JC, Bosschaert MA, Mast EG, Mosterd
A, etal. A prospective validation of the HEART score for chest pain
patients at the emergency department. Int J Cardiol. 2013;168(3):
2153-8.

Twerenbold R, Badertscher P, Boeddinghaus J, Nestelberger T,
Wildi K, Rubini Gimenez M, et al. Effect of the FDA regulatory
approach on the 0/1-h algorithm for rapid diagnosis of MIL. ] Am
Coll Cardiol. 2017;70(12):1532-4.

Bavry AA, Kumbhani DJ, Rassi AN, Bhatt DL, Askari AT. Benefit
of early invasive therapy in acute coronary syndromes: a meta-
analysis of contemporary randomized clinical trials. ] Am Coll
Cardiol. 2006;48(7):1319-25.

Hoenig MR, Doust JA, Aroney CN, Scott IA. Early invasive versus
conservative strategies for unstable angina & non-ST-elevation
myocardial infarction in the stent era. Cochrane Database Syst
Rev. 2006;3:CD004815.

Chan PS, Patel MR, Klein LW, Krone RJ, Dehmer GJ, Kennedy K,
et al. Appropriateness of percutaneous coronary intervention.
JAMA. 2011;306(1):53-61.

AMI Trends: Incidence, Detection, and Treatment 2016. Available
from: https://truvenhealth.com/Portals/0/assets/provider/201601-
truven-health-fact-files.pdf. Accessed 29 Jan 2019.

Montalescot G, Cayla G, Collet JP, Elhadad S, Beygui F, Le
Breton H, et al. Immediate vs delayed intervention for acute
coronary syndromes: a randomized clinical trial. JAMA.
2009;302(9):947-54.

Thiele H, Rach J, Klein N, Pfeiffer D, Hartmann A, Hambrecht R,
et al. Optimal timing of invasive angiography in stable non-ST-
elevation myocardial infarction: the Leipzig immediate versus early
and late percutaneous coronary intervention triAl in NSTEMI
(LIPSIA-NSTEMI trial). Eur Heart J. 2012;33(16):2035-43.
Milosevic A, Vasiljevic-Pokrajcic Z, Milasinovic D, Marinkovic J,
Vukeevic V, Stefanovic B, et al. Immediate versus delayed invasive
intervention for non-STEMI patients: the RIDDLE-NSTEMI study.
JACC Cardiovasc Interv. 2016;9(6):541-9.

Jneid H. Merits of Invasive Strategy in Diabetic Patients With Non-
ST Elevation Acute Coronary Syndrome. J] Am Heart Assoc.
2017;6(5):e005773.

Parikh SV, de Lemos JA, Jessen ME, Brilakis ES, Ohman EM,
Chen AY, et al. Timing of in-hospital coronary artery bypass graft
surgery for non-ST-segment elevation myocardial infarction pa-
tients results from the National Cardiovascular Data Registry
ACTION registry-GWTG (acute coronary treatment and


https://truvenhealth.com/Portals/0/assets/provider/201601-truven-health-fact-files.pdf
https://truvenhealth.com/Portals/0/assets/provider/201601-truven-health-fact-files.pdf

Curr Cardiol Rep (2019) 21: 39

Page 9 of 10 39

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

intervention outcomes network registry-get with the guidelines).
JACC Cardiovasc Interv. 2010;3(4):419-27.

Weiss ES, Chang DD, Joyce DL, Nwakanma LU, Yuh DD. Optimal
timing of coronary artery bypass after acute myocardial infarction: a
review of California discharge data. J Thorac Cardiovasc Surg.
2008;135(3):503-11 11 el-3.

Braxton JH, Hammond GL, Letsou GV, Franco KL, Kopf GS,
Elefteriades JA, et al. Optimal timing of coronary artery bypass
graft surgery after acute myocardial infarction. Circulation.
1995:;92(9 Suppl):1166-8.

Selinger SL, Berg R Jr, Leonard JJ, Coleman WS, DeWood MA.
Surgical intervention in acute myocardial infarction. Tex Heart Inst
J. 1984;11(1):44-51.

Davierwala PM, Verevkin A, Leontyev S, Misfeld M, Borger MA,
Mohr FW. Does timing of coronary artery bypass surgery affect
early and long-term outcomes in patients with non-ST-segment-
elevation myocardial infarction? Circulation. 2015;132(8):731-40.
Morrison DA, Sethi G, Sacks J, Henderson W, Grover F, Sedlis S,
et al. Percutaneous coronary intervention versus coronary artery
bypass graft surgery for patients with medically refractory myocar-
dial ischemia and risk factors for adverse outcomes with bypass: a
multicenter, randomized trial. Investigators of the Department of
Veterans Affairs Cooperative Study #385, the Angina With
Extremely Serious Operative Mortality Evaluation (AWESOME).
J Am Coll Cardiol. 2001;38(1):143-9.

Rodriguez A, Bernardi V, Navia J, Baldi J, Grinfeld L, Martinez J,
et al. Argentine randomized study: coronary angioplasty with
stenting versus coronary bypass surgery in patients with multiple-
vessel disease (ERACI II): 30-day and one-year follow-up results.
ERACI II investigators. J Am Coll Cardiol. 2001;37(1):51-8.
Rana JS, Venkitachalam L, Selzer F, Mulukutla SR, Marroquin OC,
Laskey WK, et al. Evolution of percutaneous coronary intervention
in patients with diabetes: a report from the National Heart, Lung,
and Blood Institute-sponsored PTCA (1985-1986) and Dynamic
(1997-2006) Registries. Diabetes Care. 2010;33(9):1976-82.
Venkitachalam L, Kip KE, Selzer F, Wilensky RL, Slater J,
Mulukutla SR, et al. Twenty-year evolution of percutaneous coro-
nary intervention and its impact on clinical outcomes: a report from
the National Heart, Lung, and Blood Institute-sponsored, multicen-
ter 1985-1986 PTCA and 1997-2006 Dynamic Registries. Circ
Cardiovasc Interv. 2009;2(1):6—13.

van den Brand MJ, Rensing BJ, Morel MA, Foley DP, de Valk V,
Breeman A, et al. The effect of completeness of revascularization
on event-free survival at one year in the ARTS trial. ] Am Coll
Cardiol. 2002;39(4):559-64.

Srinivas VS, Selzer F, Wilensky RL, Holmes DR, Cohen HA,
Monrad ES, et al. Completeness of revascularization for multivessel
coronary artery disease and its effect on one-year outcome: a report
from the NHLBI dynamic registry. J Interv Cardiol. 2007;20(5):
373-80.

Brener SJ, Murphy SA, Gibson CM, DiBattiste PM, Demopoulos
LA, Cannon CP, et al. Efficacy and safety of multivessel percuta-
neous revascularization and tirofiban therapy in patients with acute
coronary syndromes. Am J Cardiol. 2002;90(6):631-3.

Serruys PW, Morice MC, Kappetein AP, Colombo A, Holmes DR,
Mack MJ, et al. Percutaneous coronary intervention versus
coronary-artery bypass grafting for severe coronary artery disease.
N Engl J Med. 2009;360(10):961-72.

Berger A, Botman KJ, MacCarthy PA, Wijns W, Bartunek J,
Heyndrickx GR, et al. Long-term clinical outcome after frac-
tional flow reserve-guided percutaneous coronary intervention
in patients with multivessel disease. ] Am Coll Cardiol.
2005:;46(3):438-42.

Sels JW, Tonino PA, Siebert U, Fearon WF, Van't Veer M, De
Bruyne B, et al. Fractional flow reserve in unstable angina and
non-ST-segment elevation myocardial infarction experience from

37.

38.

39.

40.

41.

42..

43.

44,

45.

46.

47.

48.

49.

50.

51.

the FAME (fractional flow reserve versus angiography for
multivessel evaluation) study. JACC Cardiovasc Interv.
2011;4(11):1183-9.

Sardella G, Lucisano L, Garbo R, Pennacchi M, Cavallo E, Stio RE,
et al. Single-staged compared with multi-staged PCI in multivessel
NSTEMI patients: the SMILE trial. J Am Coll Cardiol. 2016;67(3):
264-72.

Singh M, Arora R, Kodumuri V, Khosla S, Jawad E. Coronary
revascularization in diabetic patients: current state of evidence.
Exp Clin Cardiol. 2011;16(1):16-22.

Berry C, Tardif JC, Bourassa MG. Coronary heart disease in pa-
tients with diabetes: part II: recent advances in coronary revascular-
ization. J] Am Coll Cardiol. 2007;49(6):643-56.

Group BDS, Frye RL, August P, Brooks MM, Hardison RM,
Kelsey SF, et al. A randomized trial of therapies for type 2 diabetes
and coronary artery disease. N Engl J Med. 2009;360(24):2503—15.
Farkouh ME, Domanski M, Sleeper LA, Siami FS, Dangas G,
Mack M, et al. Strategies for multivessel revascularization in pa-
tients with diabetes. N Engl J Med. 2012;367(25):2375-84.

Park SJ, Ahn JM, Kim YH, Park DW, Yun SC, Lee JY, et al. Trial of
everolimus-eluting stents or bypass surgery for coronary disease. N
Engl J Med. 2015;372(13):1204-12 This is a more contemporary
comparison of drug eluting stents to coronary bypass surgery
in multivessel disease, demonstrating the superiority of surgery
in most patients in this cohort despite the use of 2nd generation
drug-eluting stents.

Ramanathan K, Abel JG, Park JE, Fung A, Mathew V, Taylor CM,
et al. Surgical versus percutaneous coronary revascularization in
patients with diabetes and acute coronary syndromes. J Am Coll
Cardiol. 2017;70(24):2995-3006.

Monaco M, Di Tommaso L, Mottola M, Stassano P, Iannelli G.
Clinical outcome for on-pump myocardial revascularization in pa-
tients with mild renal dysfunction. Thorac Cardiovasc Surg.
2005;53(1):46-51.

Stigant C, Izadnegahdar M, Levin A, Buller CE, Humphries KH.
Outcomes after percutaneous coronary interventions in patients
with CKD: improved outcome in the stenting era. Am J Kidney
Dis. 2005;45(6):1002-9.

Das P, Moliterno DJ, Charnigo R, Mukherjee D, Steinhubl SR,
Sneed JD, et al. Impact of drug-eluting stents on outcomes of pa-
tients with end-stage renal disease undergoing percutaneous coro-
nary revascularization. J Invasive Cardiol. 2006;18(9):405-8.

Ix JH, Mercado N, Shlipak MG, Lemos PA, Boersma E,
Lindeboom W, et al. Association of chronic kidney disease with
clinical outcomes after coronary revascularization: the arterial re-
vascularization therapies study (ARTS). Am Heart J. 2005;149(3):
512-9.

Ragosta M, Dee S, Sarembock 1J, Lipson LC, Gimple LW, Powers
ER. Prevalence of unfavorable angiographic characteristics for per-
cutaneous intervention in patients with unprotected left main coro-
nary artery disease. Catheter Cardiovasc Interv. 2006;68(3):357—
62.

Lee PH, Ahn JM, Chang M, Baek S, Yoon SH, Kang SJ, et al. Left
Main coronary artery disease: secular trends in patient characteris-
tics, treatments, and outcomes. J Am Coll Cardiol. 2016;68(11):
1233-46.

Caracciolo EA, Davis KB, Sopko G, Kaiser GC, Corley SD, Schaff
H, et al. Comparison of surgical and medical group survival in
patients with left main equivalent coronary artery diseas. Long-
term CASS experience. Circulation. 1995;91(9):2335-44.
Chaitman BR, Fisher LD, Bourassa MG, Davis K, Rogers WJ,
Maynard C, et al. Effect of coronary bypass surgery on survival
patterns in subsets of patients with left main coronary artery disease.
Report of the collaborative study in coronary artery surgery
(CASS). Am J Cardiol. 1981:48(4):765-77.

@ Springer



39

Page 10 of 10

Curr Cardiol Rep (2019) 21: 39

52.

53.

54.

55.

56.

57.

58.

59.

Yusuf'S, Zucker D, Peduzzi P, Fisher LD, Takaro T, Kennedy JW,
et al. Effect of coronary artery bypass graft surgery on survival:
overview of 10-year results from randomised trials by the coronary
artery bypass graft surgery trialists collaboration. Lancet.
1994;344(8922):563-70.

Makikallio T, Holm NR, Lindsay M, Spence MS, Erglis A,
Menown IB, et al. Percutaneous coronary angioplasty versus coro-
nary artery bypass grafting in treatment of unprotected left main
stenosis (NOBLE): a prospective, randomised, open-label, non-
inferiority trial. Lancet. 2016;388(10061):2743-52.

Stone GW, Sabik JF, Serruys PW, Simonton CA, Genereux P,
Puskas J, et al. Everolimus-eluting stents or bypass surgery for left
main coronary artery disease. N Engl J Med. 2016;375(23):2223—
35 This is the most contemporary randomized trial of patients
with left main coronary artery disease with low or intermediate
SYNTAX scores demonstrating the non-inferiority of PCI with
everolimus-eluting stents to CABG with respect to major ad-
verse cardiac events at 3 years.

Jacobs AK, French JK, Col J, Sleeper LA, Slater JN, Carnendran L,
et al. Cardiogenic shock with non-ST-segment elevation myocardial
infarction: a report from the SHOCK Trial Registry. Should we
emergently revascularize occluded coronaries for cardiogenic
shock? J Am Coll Cardiol. 2000;36(3 Suppl A):1091-6.

Holmes DR Jr, Berger PB, Hochman JS, Granger CB, Thompson
TD, Califf RM, et al. Cardiogenic shock in patients with acute
ischemic syndromes with and without ST-segment elevation.
Circulation. 1999;100(20):2067-73.

Anderson ML, Peterson ED, Peng SA, Wang TY, Ohman EM,
Bhatt DL, et al. Differences in the profile, treatment, and prognosis
of patients with cardiogenic shock by myocardial infarction classi-
fication: a report from NCDR. Circ Cardiovasc Qual Outcomes.
2013;6(6):708—15.

Hillis LD, Smith PK, Anderson JL, Bittl JA, Bridges CR, Byme JG,
et al. 2011 ACCF/AHA guideline for coronary artery bypass graft
surgery. A report of the American College of Cardiology
Foundation/American Heart Association task force on practice
guidelines. Developed in collaboration with the American
Association for Thoracic Surgery, Society of Cardiovascular
Anesthesiologists, and Society of Thoracic Surgeons. J Am Coll
Cardiol. 2011;58(24):e123-210.

Bybee KA, Powell BD, Valeti U, Rosales AG, Kopecky SL,
Mullany C, et al. Preoperative aspirin therapy is associated with

@ Springer

60.

61.

62.

63.

64.

65.

66.

67.

68.

improved postoperative outcomes in patients undergoing coronary
artery bypass grafting. Circulation. 2005;112(9 Suppl):1286-92.
Dacey LJ, Munoz JJ, Johnson ER, Leavitt BJ, Maloney CT, Morton
JR, et al. Effect of preoperative aspirin use on mortality in coronary
artery bypass grafting patients. Ann Thorac Surg. 2000;70(6):
1986-90.

Mangano DT. Multicenter study of perioperative ischemia research
G. Aspirin and mortality from coronary bypass surgery. N Engl J
Med. 2002;347(17):1309-17.

Kim JH, Newby LK, Clare RM, Shaw LK, Lodge AJ, Smith PK,
et al. Clopidogrel use and bleeding after coronary artery bypass
graft surgery. Am Heart J. 2008;156(5):886-92.

Puskas JD, Halkos ME, DeRose JJ, Bagiella E, Miller MA,
Overbey J, et al. Hybrid coronary revascularization for the treat-
ment of multivessel coronary artery disease: a multicenter observa-
tional study. ] Am Coll Cardiol. 2016;68(4):356-65.

Masoudi FA, Ponirakis A, de Lemos JA, Jollis JG, Kremers M,
Messenger JC, et al. Trends in U.S. cardiovascular care: 2016 report
from 4 ACC National Cardiovascular Data Registries. J] Am Coll
Cardiol. 2017;69(11):1427-50.

Ruiz-Rodriguez E, Asfour A, Lolay G, Ziada KM, Abdel-Latif AK.
Systematic review and meta-analysis of major cardiovascular out-
comes for radial versus femoral access in patients with acute coro-
nary syndrome. South Med J. 2016;109(1):61-76.

Ferrante G, Rao SV, Juni P, Da Costa BR, Reimers B, Condorelli G,
et al. Radial versus femoral access for coronary interventions across
the entire spectrum of patients with coronary artery disease: a meta-
analysis of randomized trials. JACC Cardiovasc Interv. 2016;9(14):
1419-34.

Claessen BE, van der Schaaf RJ, Verouden NJ, Stegenga NK,
Engstrom AE, Sjauw KD, et al. Evaluation of the effect of a con-
current chronic total occlusion on long-term mortality and left ven-
tricular function in patients after primary percutaneous coronary
intervention. JACC Cardiovasc Interv. 2009;2(11):1128-34.
Gierlotka M, Tajstra M, Gasior M, Hawranek M, Osadnik T,
Wilczek K, et al. Impact of chronic total occlusion artery on 12-
month mortality in patients with non-ST-segment elevation myo-
cardial infarction treated by percutaneous coronary intervention
(from the PL-ACS registry). Int J Cardiol. 2013;168(1):250-4.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.



	Revascularization Strategies for Non-ST-Elevation Myocardial Infarction
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Optimal Timing of Revascularization
	Considerations for Revascularization
	Complete Vs Culprit-Only Revascularization
	Diabetic Patients
	Chronic Kidney Disease
	Left Main Coronary Disease
	Cardiogenic Shock
	Dual Antiplatelet Therapy
	Hybrid Revascularization

	Considerations for PCI
	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



