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concerning percutaneous coronary intervention (PCI) in high-risk pa-
tients. Theywill rightly feel that the proceduremay be technically feasi-
Interventional cardiologists often face difficult decision-making

ble, but at the risk of higher complications. The decision concerning
whether to proceed with a procedure in such situations is best guided
by appropriate, carefully analyzed data. Many high-risk PCI patients
are in themidst of ST-elevationmyocardial infarction or other acute cor-
onary syndromes. While these patients are clearly at high risk, the ur-
gency of the clinical situation demands that the procedure be done.
Indeed, clinical trial data strongly support high-risk PCI in patients
with acute ischemia [1,2]. Thus, while it is always appropriate to con-
sider the individual patient, there is no overall issue concerning
whether to perform PCI in the setting of acute ischemia. However,
decision-making in the setting of high-risk procedures in patients who
are otherwise stable may actually be more difficult. In such patients,
we lack clinical trial data showing that intervention will improve out-
come, and this particular group of patients overall has not been thor-
oughly studied [3,4]. In this regard, the paper in this issue of the
journal by Iverson et al. is timely and important [5].

This is a single-center study from the Minneapolis Heart Institute.
The study population comprised 1975 patients without acute coronary
syndromes undergoing PCI between 6/29/09 and 12/30/2016. High-
risk procedures included left main PCI, chronic total occlusion, atherec-
tomy, multivessel PCI, bifurcation PCI, PCI in patients who had previous
coronary artery bypass surgery, and patientswith a left ventricular ejec-
tion fraction of ≤30% or use of hemodynamic support. There were 1230
high-risk patients and 745 non-high-risk patients. Over the course of
the study, the percentage of high-risk patients varied, but with no
clear trend. However, it is clear that the majority are actually at high
risk. While “high risk” was defined based on anatomic and procedural
details, the high-risk patients were also sicker, with more comorbidity,
including prior myocardial infarction, cerebrovascular disease, periph-
eral vascular disease, and congestive heart failure. High-risk patients re-
quired more stents (2.0 vs. 1.0, pb0.001). Periprocedural complications
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were more common in high-risk patients (2.9% vs. 1.1%, p=0.01), as
was in-hospital mortality (1.0% vs. 0.13%, p=0.04). In a multivariable
model, high-risk patients had 2.92 (95% CI 1.16 to 7.36) times the risk
of technical failure and 2.21 (95% CI 0.91 to 5.35) times the risk of
periprocedural complications.

A number of important conclusions can be drawn from this study.
Overall, the patient outcomes were highly satisfactory. In the non-
high–risk population, complications and mortality were uncommon.
In such patients, it should be expected that event rates would be quite
low. However, the event rateswere also low in the high-risk population,
with a 1.0% mortality rate. Thus, in selected high-risk patients, PCI
would appear to be reasonably safe. Nonetheless, there are a number
of important limitations to this study. This was a single-center study
from a leading institution. As such, these results may not be generaliz-
able to other institutions. The number of eventswas small,making it dif-
ficult to accurately predict which patients are at high risk. Indeed, in the
multivariablemodel, high-risk PCI showed a trend, but not a statistically
significant increase in the incidence of periprocedural complications
compared to non-high risk. While the patients are well-characterized,
there are a number of variables that were not collected or at least not
shown, such as frailty or malignancy. Also, the anatomic details are lim-
ited. Thus, there may be high-risk patients who are truly at higher risk
than the average of the high-risk group, as well as patients who are
not actually at high risk. In particular, the reasons patients were consid-
ered high risk varied, and the complications and mortality rates across
these different subgroups may vary as well; the study population was
too small to permit this to be sorted out. A larger, multi-institutional
study, perhaps from the National Cardiovascular Data Registry
(NCDR), would be needed to develop specific models for the relevant
outcomes in this group of patients as well as the subgroups [6,7]. None-
theless, overall, the results are reassuring.

Thus, we have learned that most of the time, PCI can be safely per-
formed in high-risk patients with stable ischemic heart disease. How-
ever, should these patients undergo PCI? A 1.0% mortality rate is not
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negligible and, thus, for PCI to be performed, there should be the expec-
tation that the procedure will offer the patients benefit. In this regard,
we must remember that clinical trial data still do not offer convincing
evidence that PCI can prevent death or myocardial infarction in any
group of patients with stable ischemic heart disease. The majority of
these patients had angina or atypical chest pain. The COURAGE trial
has shown that PCIwill, on average, relieve angina comparedwithmed-
ical therapy for at least several years, providingpotential justification for
PCI in these patients [8]. The ORBITA trial, with blinded sham controls,
casts somedoubt on the reduction of angina seen in COURAGE [9]. How-
ever, the high-risk patients in the study by Iverson and colleagues
would not be characteristic of those in ORBITA and would appear to
be sicker on average compared to those in COURAGE as well. Thus, if
these high-risk patients had disabling angina or perhaps even less-
than-disabling angina in certain anatomic subsets (e.g., left main dis-
ease), then PCI would be indicated and could be justified by American
College of Cardiology appropriate use criteria [10]. The current study
does lack follow-up, so that long-term event rates and symptomatic sta-
tus cannot be assessed. This leaves us uncertain as the effect of the pro-
cedure on outcome and symptomatic status. The ISCHEMIA trial, with
results expected in late 2019, may help to better define outcomes and
select patients in whom PCI will offer benefit as comparedwithmedical
therapy [11].

Where the Iverson et al. study is most helpful is in helping the
decision-making in the era where institutions and individual operators
are being benchmarked and subjected to public reporting. This will
leave operators wary of performing PCI, as they may fear that they
will be judged if such patients do suffer complications. In principle, co-
variates should adjust for higher-risk patients. However, operators will
remain distrustful that statistical approaches will adequately adjust
the level of risk [12]. More studies, especially from the NCDR, may
help to further assess the incidence of complications and allow for bet-
ter, more robust risk prediction. New approaches to machine learning,
where artificial intelligence can examine electronic health records,
may also help to define risk [13]. Nonetheless, risk prediction is imper-
fect and is certain to remain so. In all likelihood, there will be patients at
high risk in whom there is compelling reason, largely based on symp-
toms, for proceeding with PCI, while the incidence of complications
will remain somewhat uncertain. In this setting, interventional cardiol-
ogists, in using shared decision-making with patients and family along
with a heart team approach that includes cardiothoracic surgeons, will
need tomake the best-informed decision they can as towhether to pro-
ceed with PCI [14,15].
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