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Abstract

Multivessel obstructive coronary artery disease is observed in
about half of the STEMI patients undergoing primary PCI. Optimal
management of non-culprit lesions in these settings continues to
be a matter of debate and no consensus has been reached. Lack
of robust scientific data led to significant heterogeneity in practice
among different centres and countries. In general, three approaches
have been defined in haemodynamically stable patients: an aggres-
sive approach with non-culprit PCI during the index procedure, an
intermediate approach with non-culprit PCI or CABG as a staged
procedure during the index hospital stay or within 30 days, and
a conservative approach with non-culprit PCI/CABG only in case
of refractory symptoms or objective detection of ischaemia. Based
on available data and subsequent post hoc pooled analysis, an
intermediate approach has been considered as an accepted option
and often adopted. Conversely, the recent PRAMI study results
(Preventive Angioplasty in Acute Myocardial Infarction) suggested
that an aggressive approach (including non-culprit PCI during the
index procedure) provided better clinical outcome than the conserv-
ative “culprit only” approach. It is, however, as yet unknown if the
aggressive approach used in the PRAMI study is also better than
the traditionally advocated intermediate approach with angiograph-
ically or FFR-driven staged non-culprit revascularisation. The pur-
pose of this review is to discuss the available evidence and integrate
it into daily clinical decision making.

Introduction

Primary percutaneous coronary intervention (p-PCI) is the treat-
ment of choice in patients presenting with ST-segment elevation
myocardial infarction (STEMI) when it can be performed expedi-
tiously by an experienced team'. Except for identification of the
culprit lesion, the index angiography provides information about
the extent and severity of the non-culprit coronary artery disease.
Multivessel obstructive coronary artery disease (MVD) is thereby
documented in about half of the patients, and most of these patients
are “asymptomatic” before presenting acutely*. Since the presence
of MVD substantially increases the risks of major adverse cardiac
events, including mortality, the optimal revascularisation strategy
has been a matter of debate for many years™?'. Because of the lack
of appropriately designed and powered randomised trials, revascu-
larisation strategies for non-culprit stenoses in haemodynamically
stable patients without ongoing ischaemia after p-PCI nowadays
vary from an aggressive approach with the PCI of all significant
non-culprit lesions during the index intervention, to a very conserv-
ative approach with hospital discharge and only symptom-driven or
ischaemia-driven non-culprit PCI (Table 1). In daily practice, the
different strategies are almost equally represented’, which reflects
the lack of appropriate scientific data and the numerous advantages/
disadvantages of each strategy (Table 2). The aim of this article is
to address the pertinent literature critically and apply this knowl-
edge to practical examples.
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Table 1. Current revascularisation strategies in patients with
STEMI undergoing primary PCIS.
Aggressive

Primary PCI of the culprit lesion followed by angiography or
FFR-driven non-culprit PCI during the index procedure.

Intermediate

Primary PCI of culprit lesion only during the index procedure and:

— Angiography or FFR-driven staged non-culprit PCI during the
index hospital stay

— Hospital discharge, programmed staged angiography/FFR-driven
non-culprit PCI (within 30 days)

— Staged surgical revascularisation

Conservative

Hospital discharge, staged non-culprit PCI or surgical
revascularisation only if symptomatic or ischaemia-provoking test
(CEM/SPECT/MRI) positive

Scientific evidence

STATE OF THE ART IN 2013

Different “non-culprit lesion” strategies in stable patients with
STEMI and MVD undergoing p-PCI have been compared in ran-
domised studies®*!? and non-randomised observational registries'%,
yielding conflicting results. Nevertheless, subsequent pooled analy-
sis combining small randomised trials and observational data sug-
gested that complete percutaneous revascularisation, including
angiographically significant non-culprit lesions, may be associ-
ated with better prognosis as compared to medical treatment alone.
This benefit, however, appeared to be confined to the intermediate
strategy when non-culprit PCI was performed during a staged pro-
cedure. Indeed, when non-culprit PCI was performed immediately
after p-PCI during the index procedure, this resulted in an increased
risk of death and cardiovascular events as compared to both staged
non-culprit PCI or medical management only. This is also in accord-
ance with a large meta-analysis which included more than 40,000
patients and suggested that non-culprit multivessel PCI during the
index p-PCI should be discouraged, and suitable significant non-
culprit lesions treated only during the staged procedure, this being
associated with lower short- and long-term mortality as compared
to index non-culprit multivessel PCI (Figure 1)*'. The aggressive
approach therefore turned out to be considered the worst option, the
intermediate approach the best one, while the conservative approach
provided intermediate results®'. Indeed, a recent analysis from the
HORIZON study has also suggested a deferred angioplasty strategy
of non-culprit lesions as the standard approach since multivessel PCI
was associated with a greater hazard for mortality and stent thrombo-
sis*?. This is also reflected in the latest ESC STEMI guidelines which
recommend non-culprit PCI during the index p-PCI only in the set-
ting of cardiogenic shock, despite the fact that there is very little sci-
entific data supporting such a strategy even in this situation®. In stable
patients, such an aggressive strategy was clearly discouraged and the
following general rules were accepted by the majority of operators:
(i) Single-vessel culprit-only p-PCI should be the default strategy in

STEMI.

Table 2. Advantages (+) and disadvantages (-) of different PCI
strategies for non-culprit lesions in patients with STEMI and MVD
undergoing primary PCI strategy®.

Aggressive

+ Immediate complete revascularisation including treatment of
potentially unstable lesions (possible multiple culprit) and
residual ischaemia

+ No need for additional cathlab procedure - beneficial for patient
comfort and for busy cathlab

— PCI complication at non-culprit vessel may lead to additional
non-functional myocardium and left ventricular pump failure
resulting in cardiogenic shock or death

— Prothrombotic/inflammatory milieu in acute phase of STEMI may
increase likelihood of stent thrombosis also in non-culprit lesion
leading to large amount of non-functioning left ventricle

— Increased contrast volume, radiation exposure and stress for the
operator

Intermediate

+ Complete revascularisation may decrease need for subsequent
procedures/hospitalisation

+ Safer than during the index intervention

— Unnecessary treatment of asymptomatic lesions, in particular if
not FFR-guided

— Timing of staged PCI uncertain

— Need for additional cathlab procedure during the index hospital
stay or soon after discharge

Conservative

+ No PCI complications on non-culprit lesions

+ PCI of non-culprit lesions supported by evidence of ischaemia

+ Chance to discuss revascularisation strategy within the “Heart
Team” and with the patient

— Significant ischaemic lesions may be left

— Patient may need to return to the cathlab in the near future
which is also a problem for busy cathlabs with long waiting times

(i) Multivessel non-culprit PCI may be justified only in haemody-
namically unstable patients.

(ii1) Significant non-culprit lesions should be treated medically or
by staged revascularisation.

However, evidence so far is derived from angiographic estima-
tion of the non-culprit lesions in the acute setting of STEMI. This is
an important limitation due to potential overestimation in the acute
phase and overestimation compared to FFR.

HAS PRAMI CHANGED THE GLOBAL STRATEGY?

In the recent PRAMI (Preventive Angioplasty in Acute Myocardial
Infarction) study, patients with STEMI and MVD were randomised
to an aggressive approach designated as “preventive angioplasty”
with non-culprit PCI immediately following p-PCI, and a con-
servative approach with staged non-culprit PCI only in case of
refractory symptoms®. In this relatively small study (465 patients),
a “preventive angioplasty” strategy was proved to be superior with
a significant 65% relative reduction in the combined primary end-
point of cardiovascular death, non-fatal MI and refractory angina
(Figure 2). Of note, the primary endpoint was mainly driven by
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A Culprit-only PCI  Multlvessel PCI 0dds ratio 0dds ratio
Study or subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Prospective studies
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Total events 16 9

Heterogeneity: Tau?=0.00; Chi?=0.58, df=2 (p=0.75); I’=0%
Test for overall effect: Z=0.85 (p=0.40)
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m
=
=
=
=
-
@
=
<
(1]
=
=3
o
=
N
o
=
&
—
Q@
—
H
~
'
-
al
H

Corpus 2004 42 354 5 26 4.9% 0.5710.20, 1.58] —
Dziewierz 2010 57 707 11 70 10.5% 0.4710.23, 0.95] —
Hannan 2010 28 503 36 503 19.7% 0.76 [0.46, 1.27] e
Mohamad 2010 3 30 2 7 1.2% 0.2810.04, 2.11] —
Qarawani 2008 2 25 9 95 2.0% 0.8310.17, 4.11] —_—
Roe 2001 13 79 19 79 8.3% 0.6210.28, 1.37] —
Schaaf 2010 66 124 22 37 9.2% 0.7810.37, 1.63] -
Toma 2010 111 1,979 27 216 25.7% 0.4210.27,0.65] —a
Varani 2008 18 152 24 142 11.8% 0.66[0.34, 1.28] —
Subtotal (35% CI) 3,953 1,175 93.2% 0.57[0.45, 0.73] L 4
Total events 340 155
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Test for overall effect: Z=4.63 (p <0.00001)

Total (95% CI) 4,099 1,317 100.0% 0.611[0.49,0.77] ¢
Total events 356 164

Heterogeneity: Tau?=0.00; Chi?=9.76, df=11 (p=0.55); I’=0%

Test for overall effect: Z=4.25 (p <0.0001)

Network meta-analysis
All studies (n=15) 0.63 [0.46, 0.86] 2
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Heterogeneity: Not applicable
Test for overall effect: Z=1.72 (p=0.09)
Retrospective studies
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Network meta-analysis
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Figure 1. Meta-analysis concerning the optimal management of multivessel disease in STEMI patients and long-term mortality. Comparison
between multivessel PCI, staged PCI, and culprit-only PCI. (Reproduced with permission®').
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Figure 1 (continued). Meta-analysis concerning the optimal management of multivessel disease in STEMI patients and long-term mortality.

Comparison between multivessel PCI, staged PCI, and culprit-only PCI. (Reproduced with permission’’).

a 65% reduction in refractory angina and a 68% reduction in non-
fatal M1, although a trend towards a reduction in mortality (p=0.07)
was also documented, even if little is known about the clinical rel-
evance of these MI. Despite the significant benefit of “preventive
non-culprit angioplasty” demonstrated by this randomised trial, few
interventional cardiologists have changed their daily practice.

In the first place, the PRAMI study was a small sample size
study, underpowered, and the event rate of the control group was
high, which might have been driven by the open-label design of the

10— Hazard ratio, 0.35 (95% Cl: 0.21-0.58); p<0.001

60—

Preventive PCI

404
No preventive PCI

20

Patients without primary outcome (%)

Months since randomisation

Figure 2. Benefit of “preventive angioplasty” in the PRAMI study for
the primary outcome (cardiovascular death, non-fatal MI and
refractory angina). (Reproduced with permission’).

study. However, the most important point is that the PRAMI study
essentially provided a comparison between the most aggressive
strategy and the most conservative one of non-culprit lesion man-
agement. Accordingly, a significant ischaemic burden (>10% of left
ventricular) might have been left behind in the conservative arm,
and this accounted for increased cardiovascular adverse events.
The intermediate approach, with angiographically- or FFR-driven
staged non-culprit PCI associated with the best clinical outcome
in the previous studies®' and currently still used by the majority of
interventionalists, was not tested in the PRAMI study. Nowadays,
the real clinical questions about non-culprit lesions are “should we
do it?” and “when to do it?”, and those questions remain partially
unanswered after the PRAMI study. We believe that the PRAMI
study probably suggests that non-culprit lesions could be treated in
specific cases according to both patient and anatomy, but does not
address the optimal timing for these patients. Of note, the aggres-
sive strategy in the PRAMI study resulted in better results, as dem-
onstrated previously’®. Besides narrow inclusion criteria resulting in
enrolment of fewer than 50% of screened patients with possible
selection bias, this discrepancy can be explained by the evolution
of PCI with high penetration of contemporary drug-eluting stents
and optimisation of antithrombotic strategy with GP IIb/Illa inhibi-
tors used in more than 75%?!. However, because of highly selected
patients, it is difficult to extrapolate a concept of “preventive angi-
oplasty” to an all-comer STEMI population. Another potential
shortcoming is that obstructive MVD was determined only angio-
graphically. It is well known that an acute angiogram during p-PCI



may overestimate the severity of non-culprit stenosis*. One fifth of
>50% non-culprit lesions during an acute angiogram were <50%
during the staged angiogram, which would lead to overtreatment if
a “preventive angioplasty” strategy were used. Indeed, no informa-
tion was provided about non-culprit lesions in the PRAMI study,
such as QCA, TIMI flow or lesion characteristics. Moreover, FFR,
which can be reliably and safely performed in non-culprit lesions
even in the acute phase of STEMI*, was not used in the PRAMI
study. As such, the study does not reflect the current state-of-the-art
evaluation of the functional importance of the non-culprit lesions,
and study addressing the management of MVD in STEMI guided
by FFR is urgently needed. Despite the above shortcomings, the
PRAMI study undoubtedly opened the door and demonstrated that
future randomised controlled studies in this field can be performed
safely and will hopefully provide answers to some very pertinent
clinical questions. The study also showed that multivessel non-
culprit PCI in selected haemodynamically stable patients immedi-
ately after successful p-PCI is safe during the index intervention.
However, we believe that this study does not support the routine
practice of multivessel non-culprit PCI during the index p-PCI pro-

cedure as a new gold standard.

ONGOING TRIALS

There are other ongoing studies addressing the issue of MVD man-
agement in STEMI patients®. The Complete Versus Lesion-only
PRImary PCI Trial (CVLPRIT) (NCT01927549) is assessing the ben-
efit/risk ratio of treating non-culprit lesions. Likewise, the DANish
study of optimal acute treatment of patients with ST-elevation
Myocardial Infarction 3 (DANAMI-3) trial (NCT01960933) is
also testing whether or not to treat non-culprit lesions in patients
after successful p-PCI. Integration of FFR in the decision is also
tested in the COMPARE ACUTE study (NCT01399736), compar-
ing FFR-guided revascularisation versus conventional strategy in

MVD management in STEMI

acute STEMI patients with MVD. We believe that these studies
will help us to understand better and scientifically identify the best
revascularisation strategy for patients with STEMI and concomitant
obstructive MVD.

Clinical practice

Despite the available evidence and ongoing trials, no study will ever
be able to define fully a common strategy for all STEMI patients with
MVD. Because these patients are very heterogeneous, any revascu-
larisation strategy should be individualised in this high-risk group of
STEMI patients with impaired outcome related to the extent of coro-
nary artery disease. A recent analysis showed that the extent of coro-
nary artery disease (assessed by SYNTAX score) was an independent
predictor of mortality in STEMI patients undergoing primary PCI*.
Needless to say, we should focus first on the best possible p-PCI
result on the culprit lesion which brought the patient to the cathlab.
A complicated p-PCI with long procedural time, significant contrast
load and a suboptimal result, including “slow or no-reflow” and/
or distal embolisation, would definitively argue against additional
non-culprit PCI in a stable patient during the index procedure. Also,
complex angiographic characteristics of non-culprit lesions and pre-
dicted PCI complexity would argue for a staged approach. However,
rather than staged PCI only, a concept of staged revascularisation
including CABG should be considered. In addition to the anatomi-
cal complexity of the non-culprit disease and left ventricular/valve
function, a complete risk profile, including age and comorbidities,
has to be integrated into the decision-making process to select the
best revascularisation strategy (Figure 3). Optimal decision making
should therefore ideally involve the “Heart Team”, respecting the
current revascularisation guidelines for stable coronary artery dis-
ease’’. Indeed, while most of these STEMI patients with MVD are
asymptomatic before the acute event, the non-culprit lesions could be
considered part of stable CAD and therefore managed as suggested

Compl

Primary PCI

Duration/constrast
Final result

exity

N

4

Patient
Age
Comorbidities

Staged non-culprit
symptomatic or
PCl or

Decision on MVD management
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Multivessel PCI

Haemodynamic stability [ Intermediate S LM involvement
LV function Staged and planned revascularisation CTO
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ischaemia test+
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Figure 3. Management of multivessel disease in STEMI patients undergoing primary PCIL.
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by the current guidelines based on evidence of symptoms and/or
ischaemia?’. Indeed, where is the evidence to stent “stable” lesions
without proof of complaints and ischaemia? Accordingly, in a patient
with complex multivessel disease, impaired left ventricular function
and diabetes, surgical revascularisation could be considered despite
STEMI as the index event. Last but not least, physiological evalua-
tion of non-culprit lesions using FFR should be encouraged to define
the right targets for revascularisation. A complete risk stratification
integrating both clinical and angiographic parameters is crucial in
STEMI patients with MVD to select the best option for a particu-
lar patient ranging from multivessel PCI to a conservative approach.
However, in urgent clinical situations such as STEMI, a complete
clinical history including expected compliance to drug and planned
invasive procedure is often difficult to obtain and, in a doubtful situa-
tion, the wise approach could be to postpone additional revascularisa-
tion until after discussion with the patient, his family and the referring
physician. The cases A, B and C presented in Figure 4-Figure 6 rep-
resent the large spectrum of different patients in the same category of
“STEMI with multivessel disease”, highlighting that a decision based
on the individual patient remains the rule.
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