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Almost half of patients acutely presenting with ST-elevation
myocardial infarction (STEMI) have multivessel coronary artery
disease (CAD) [1]. In this setting, multivessel disease is associated
with less ST-segment resolution after primary percutaneous coro-
nary intervention (PCI) and higher 1-year mortality, with a direct
proportionality with CAD extent in non-culprit vessels [2].

Multiple mechanisms have been advocated to explain why a
more widespread atherosclerotic involvement of the coronary
arteries reduces survival in STEMI patients. First, subjects with
multivessel disease tend to have a higher burden of comorbidities.
Second, the extent of epicardial CAD might be a marker of
microvascular disease which may directly impact on reperfusion
(and prognosis) following STEMI. Third, obstructive stenoses in
non-culprit vessels directly cause myocardial ischemia [2]. Fourth,
atherosclerotic non-culprit plaques may harbor features of vulner-
ability which associate with recurrent atherothrombosis [3].

All this considered, whether treatment of non-culprit lesions
might result in better outcomes in STEMI setting has been a matter
of heated debate and research over the last decade.

Initial conflicting results, primarily derived from observational
cohorts or underpowered randomized controlled trials (RCTs), led
to a IIb recommendation for the treatment of non-culprit lesions
in both European and American guidelines [1,4]. More recently,
some well-conducted RCTs and the large Complete Revasculariza-
tion with Multivessel PCI for Myocardial Infarction (COMPLETE)
trial have shown significant reductions in major adverse cardiovas-
cular events (MACE) providing robust evidence in support of a
complete revascularization strategy [5].

The study by Gupta and colleagues published in the present
issue of International Journal of Cardiology, Heart and Vasculature
|6] reports a systematic review and metanalysis of RCTs comparing
complete versus culprit-only revascularization strategies in
patients presenting with STEMI and multivessel disease.

The Authors report a significant reduction in MACE, consisting
in the composite of all-cause mortality, ischemia-driven revascu-
larization and recurrent myocardial infarction (12.6% vs. 23.0%,
risk-ratio [RR] 0.51, 95% CI1 0.42, 0.61, p < 0.001) with the complete
revascularization strategy [6]. The reduction in MACE was primar-
ily driven by a reduction in repeated revascularization and recur-
rent myocardial infarction, consistently with the COMPLETE trial.
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However, thanks to the higher statistical power by pooling all
available published evidence on the topic, this meta-analysis also
shows a significant 29% reduction in cardiovascular mortality,
which was inapparent by COMPLETE trial results alone (RR 0.93,
95% CI 0.65-1.32).

In this perspective, several considerations arise. First, optimal
timing of revascularization completion between index PCI, staged
PCI before hospital discharge (early) and staged PCI after discharge
(delayed) remains unclear. Second, the question whether a physi-
ology- versus angiography-guided non-culprit lesion revascular-
ization is superior to the other is unknown.

1. Timing of revascularization completion

Gupta and colleagues present a subgroup analysis of early vs
delayed complete revascularization showing similar MACE rates
for either strategy (11.3% vs. 14.3%, RR 0.82, 95% CI 0.66, 1.01,
p = 0.067) [6].

A recent meta-analysis concluded that the benefit on mortality
and myocardial infarction observed with complete revasculariza-
tion was driven by immediate-revascularization (i.e. during pri-
mary PCI) only, as opposed to the staged (<30 days) approach,
but the strategies were not directly compared [7]. In this study
immediate revascularization subgroup included trials with >50%
cases of complete revascularization during index PCI [7]. Other
Authors found a ~50% MACE reduction with a strategy of early
(<72 h from index PCI) vs culprit-only/staged complete revascular-
ization, without differences between immediate vs non-immediate
early revascularization [8]. Direct comparison between early vs
delayed strategies from a network meta-analysis did not measure
any differences between the two approaches, while reinforced
the superiority of an early vs culprit-only approach [9]. In this
study early subgroup included both immediate and before-dis-
charge procedures [9]. While hinting at a superiority of an early
revascularization completion, different and inconsistent defini-
tions of non-culprit lesions PCI timing used in the three publica-
tions make it difficult to reconcile their findings and do not allow
to draw definitive conclusions [10]; moreover, these studies were
published before the results of the COMPLETE trial were available.

In the COMLPETE trial no interaction between timing of revas-
cularization (left at physicians’ discretion) and study outcomes
was found [5,11]. The majority (68%) of patients randomized to
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the complete revascularization arm received a non-culprit lesion
staged PCI at a median of one day after primary PCI (vs 23 days in
the delayed group). It is possible that, secured that revascularization
is completed within a reasonable time-span from index STEM], rates
of MACE are sufficiently low to be either clinically or statistically not
significant. Indeed, a focused landmark analysis of the COMPLETE
trial shows that benefit of complete revascularization begin to
emerge only after 45 days from randomization [11].

2. Optimal guidance for revascularization completion

Beyond optimal timing, the best strategy to guide revasculariza-
tion of non-culprit lesions following STEMI remains unsettled. In
their meta-analysis, the authors report a similar reduction in MACE
occurrence with a physiology (fractional flow reserve [FFR]-
guided) as compared to an angiography-guided strategy. Unfortu-
nately, since data regarding individual outcomes are not provided,
a differential effect of a physiology- versus angiography-guided
strategy on myocardial infarction, repeat revascularization and
cardiovascular death endpoints cannot be excluded.

This is of importance, as the prognostic implications of prevent-
ing a repeat revascularization or a spontaneous atherothrombotic
event are radically different. Moreover, the recent optical coher-
ence tomography (OCT) substudy of the COMPLETE trial, showed
that nearly half of patients among those assessed by OCT had
obstructive non-culprit lesions with vulnerable plaque features,
suggesting the benefit of intervening in obstructive non-culprit
lesions after primary PCI might be related to the effect of stenting
vulnerable plaques [12]. It remains however unclear which -
between the degree of angiographic obstruction and hemodynam-
ical significance of a stenosis - is a better marker to predict the
evolution of a plaque towards atherothrombotic events.

Some Authors postulated that a normal FFR, regardless of angio-
graphic severity, may rule-out plaque characteristics heralding
atherothrombosis, possibly representing a safe gatekeeper to defer
revascularization [13]. While these concepts may apply to the
stable CAD setting they may not be generalizable to non-culprit
lesions in STEMI. Following an atherothrombotic event plaque
characteristics are intensely dynamic and non-culprit vessels
hemodynamic is altered, entailing falsely normal FFR values [14].

Conversely, in STEMI setting, an angiography-guided approach
might lower the threshold to undertake PCI potentially translating
into stenting (and thus “silencing”) of a higher number of vulnera-
ble plaques. While these concepts remain speculative, meta-analy-
sis of relevant trials seems to point in this direction, by showing
that angiography-guided complete revascularization reduces
myocardial infarction, myocardial infarction/cardiovascular mor-
tality, and repeat revascularization, while physiology-guided
approach is associated exclusively with a reduced need for repeat
revascularization [15].

Waiting for prospective evidence comparing these two
approaches, it seems prudent not to transfer evidence deriving
from stable CAD trials to this acute, inherently different setting.

In conclusion, the study by Gupta and colleagues provides an
interesting, systematic and quantitative synthesis of currently
available data, hinting at a fundamental role for complete revascu-
larization in the quest for long-awaited strategies to improve out-
comes in STEMI.

Declaration of Competing Interest
The authors declare that they have no known competing finan-

cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

References

[1] B.Ibanez, S. James, S. Agewall, M.J. Antunes, C. Bucciarelli-Ducci, H. Bueno, A.L.
P. Caforio, F. Crea, ].A. Goudevenos, S. Halvorsen, G. Hindricks, A. Kastrati, M.J.
Lenzen, E. Prescott, M. Roffi, M. Valgimigli, C. Varenhorst, P. Vranckx, P.

Widimsky, 2017 ESC Guidelines for the management of acute myocardial

infarction in patients presenting with ST-segment elevation: The Task Force for

the management of acute myocardial infarction in patients presenting with

ST-segment elevation of the European Socie, Eur. Heart J. 39 (2018) 119-177.

P. Sorajja, B.J. Gersh, D.A. Cox, M.G. McLaughlin, P. Zimetbaum, C. Costantini, T.

Stuckey, J.E. Tcheng, R. Mehran, A.J. Lansky, C.L. Grines, G.W. Stone, Impact of

multivessel disease on reperfusion success and clinical outcomes in patients

undergoing primary percutaneous coronary intervention for acute myocardial

infarction, Eur. Heart J. 28 (2007) 1709-1716.

[3] J.A. Goldstein, D. Demetriou, C.L. Grines, M. Pica, M. Shoukfeh, W.W. O’Neill,
Multiple complex coronary plaques in patients with acute myocardial
infarction, N Engl. ]. Med. 343 (2000) 915-922.

[4] G.N. Levine, E.R. Bates, J.C. Blankenship, S.R. Bailey, J.A. Bittl, B. Cercek, C.E.

Chambers, S.G. Ellis, R.A. Guyton, S.M. Hollenberg, U.N. Khot, R.A. Lange, L.

Mauri, R. Mehran, L.D. Moussa, D. Mukherjee, H.H. Ting, P.T. O'Gara, F.G.

Kushner, D.D. Ascheim, R.G. Brindis, D.E.J. Casey, M.K. Chung, ].A. de Lemos, D.

B. Diercks, J.C. Fang, B.A. Franklin, C.B. Granger, H.M. Krumholz, ].A.

Linderbaum, D.A. Morrow, L.K. Newby, J.P. Ornato, N. Ou, M.J. Radford, J.E.

Tamis-Holland, C.L. Tommaso, C.M. Tracy, Y.J. Woo, D.X. Zhao, 2015 ACC/AHA/

SCAI Focused update on primary percutaneous coronary intervention for

patients with ST-elevation myocardial infarction: an update of the 2011 ACCF/

AHA/SCAI guideline for percutaneous coronary intervention and the 2013

ACCF/AHA guideline for t, Circulation 133 (2016) 1135-1147.

S.R. Mehta, D.A. Wood, R.F. Storey, R. Mehran, K.R. Bainey, H. Nguyen, B. Meeks,

G. Di Pasquale, ]. Lopez-Sendon, D.P. Faxon, L. Mauri, S.V. Rao, L. Feldman, P.G.

Steg, A. Avezum, T. Sheth, N. Pinilla-Echeverri, R. Moreno, G. Campo, B.

Wrigley, S. Kedev, A. Sutton, R. Oliver, J. Rodes-Cabau, G. Stankovic, R. Welsh, S.

Lavi, W]. Cantor, J. Wang, ]J. Nakamya, S.I. Bangdiwala, J.A. Cairns, Complete

revascularization with multivessel PCI for myocardial infarction, N Engl. ]J.

Med. 381 (2019) 1411-1421.

K. Gupta, L. Chopra, A. Salame, N. Gharpurea, S.P. Prejean, G. von Mering, F. Al

Solaiman, K. Eudailey, N.S. Bajaj, M.I. Ahmed, Complete versus culprit-vessel

only revascularization in STEMI: An updated meta analysis of randomized

control trials, Int. ]J. Cardiol. Heart Vasc. (2020).

V. Pasceri, G. Patti, F. Pelliccia, C. Gaudio, G. Speciale, R. Mehran, G.D. Dangas,

Complete revascularization during primary percutaneous coronary

intervention reduces death and myocardial infarction in patients with

multivessel disease: meta-analysis and meta-regression of randomized trials,

JACC Cardiovasc. Interv. 11 (2018) 833-843.

F. Fortuni, G. Crimi, F. Angelini, S. Leonardi, F. D’Ascenzo, M. Ferlini, M. Rolando,

A. Raisaro, L. Oltrona Visconti, M. Ferrario, M. Gnecchi, G.M. De Ferrari, Early

complete revascularization in hemodynamically stable patients With ST-

segment elevation myocardial infarction and multivessel disease, Can. J.

Cardiol. 35 (2019) 1047-1057.

W.-Q. Guo, L. Li, Q. Su, Y.-H. Sun, X.-T. Wang, W.-R. Dai, H.-Q. Li, Optimal timing

of complete revascularization in patients with ST-segment elevation

myocardial infarction and multivessel disease: a pairwise and network

meta-analysis, Clin. Epidemiol. 10 (2018) 1037-1051.

[10] Y. Saito, Y. Kobayashi, Percutaneous coronary intervention strategies in
patients with acute myocardial infarction and multivessel disease:
Completeness, timing, lesion assessment, and patient status, ]. Cardiol. 74
(2019) 95-101.

[11] D.A. Wood, J.A. Cairns, J. Wang, R. Mehran, R.F. Storey, H. Nguyen, B. Meeks, V.
Kunadian, J.-F. Tanguay, H.-H. Kim, A. Cheema, P. Deghani, M.K. Natarajan, S.S.
Jolly, J. Amerena, M. Keltai, S. James, O. Hlinomaz, K. Niemela, K. AlHabib, B.S.
Lewis, M. Nguyen, J. Sarma, V. Dzavik, A. Della Siega, S.R. Mehta, Timing of
staged nonculprit artery revascularization in patients With ST-segment
elevation myocardial infarction: COMPLETE trial, J. Am. Coll. Cardiol. 74
(2019) 2713-2723.

[12] N. Pinilla-Echeverri, Non-culprit lesion plaque morphology in patients with
ST-segment elevation myocardial infarction: results from the COMPLETE trial
optical coherence tomography (OCT) substudy. Presented at: AHA 2019.
November 17, 2019. Philadelphia, PA.

[13] A. Ahmadi, G.W. Stone, J. Leipsic, P.W. Serruys, L. Shaw, H. Hecht, G. Wong, B.L.
Norgaard, P.T. O’'Gara, Y. Chandrashekhar, J. Narula, Association of coronary
stenosis and plaque morphology with fractional flow reserve and outcomes,
JAMACardiol 1 (2016) 350-357.

[14] N.W. van der Hoeven, G.N. Janssens, G.A. de Waard, H. Everaars, C.J. Broyd, C.
W.H. Beijnink, P.M. van de Ven, R. Nijveldt, C.M. Cook, R. Petraco, T. Ten Cate, C.
von Birgelen, J. Escaned, J.E. Davies, M.A.H. van Leeuwen, N. van Royen,
Temporal changes in coronary hyperemic and resting hemodynamic indices in
nonculprit vessels of patients with ST-segment elevation myocardial
infarction, JAMACardiol (2019).

[15] G. Gallone, F. Angelini, F. Fortuni, M. Gnecchi, O. De Filippo, L. Baldetti, F.
Giannini, A. Colombo, F. D'Ascenzo, G.M. De Ferrari, Angiography- versus
physiology-guided complete revascularization in patients with STEMI and
multivessel disease: who's the better gatekeeper in this setting?, Eur. Hear J.
Qual. Care Clin. Outcomes (2020).

2

(5

[6

(7

(8

[9


http://refhub.elsevier.com/S2352-9067(20)30041-5/h0005
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0005
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0005
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0005
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0005
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0005
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0005
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0010
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0010
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0010
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0010
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0010
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0015
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0015
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0015
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0020
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0020
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0020
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0020
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0020
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0020
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0020
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0020
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0020
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0020
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0020
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0025
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0025
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0025
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0025
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0025
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0025
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0025
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0030
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0030
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0030
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0030
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0035
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0035
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0035
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0035
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0035
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0040
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0040
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0040
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0040
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0040
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0045
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0045
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0045
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0045
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0050
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0050
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0050
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0050
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0055
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0055
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0055
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0055
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0055
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0055
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0055
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0065
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0065
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0065
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0065
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0070
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0070
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0070
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0070
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0070
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0070
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0075
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0075
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0075
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0075
http://refhub.elsevier.com/S2352-9067(20)30041-5/h0075

Editorial /IJC Heart & Vasculature 27 (2020) 100491 3

Francesco Moroni ™ Ospedale San Raffaele, Via Olgettina 60, 20132 Milan, Italy.

Guglielmo Gallone® E-mail address: moroni.francesco@hsr.it (F. Moroni)

Luca Baldetti? Received 19 February 2020

3 Intensive Cardiac Care Unit, IRCCS Ospedale San Raffaele, Milan, Italy Accepted 20 February 2020
b Division of Cardiology, Department of Internal Medicine, Citta della Available online 28 February 2020

Salute e della Scienza, Torino, Italy
* Corresponding author at: Intensive Cardiac Care Unit, IRCCS


mailto:moroni.francesco@hsr.it

	Completing the job: The advantage of complete revascularization �in ST-elevation myocardial infarction over culprit-only �revascularization strategies
	1 Timing of revascularization completion
	2 Optimal guidance for revascularization completion
	Declaration of Competing Interest
	References


