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Abstract. Introduction and objectives: Multivessel disease (MVD) occurs in approximately half of non-ST elevation myocardial
infarction (NSTEMI) patients and is associated with an increased risk of cardiovascular events. However, current
recommendation for complete revascularization in NSTEMI is based in observational and non-randomized studies
suggesting a possible benefit regarding mortality and major cardiovascular events. This study aimed to retrospectively
evaluate the prognostic impact of complete percutaneous revascularization in a population of patients with NSTEMI
and MVD. Material and methods: This was a national multicentre retrospective study of patients hospitalized for
NSTEMI with MVD, included on the Portuguese Registry for Acute Coronary Syndromes (ProACS). The impact of
complete percutaneous revascularization on in-hospital and one-year mortality rates, as well as on the probability of
cardiovascular re-hospitalization was evaluated. Results: A total of 3084 patients were included in this analysis. We
found no significant differences between groups regarding in-hospital complications and mortality, as well as median
hospitalization length. Nevertheless, complete revascularization showed a significant impact on the primary endpoint of
all-cause mortality or cardiovascular re-hospitalization (11.9% vs. 20.4%, p < 0.001), mainly driven by a major reduction
in unplanned cardiovascular re-hospitalizations at one year of follow-up (9.3 vs. 16.8%, p < 0.001). Conversely, one-year
mortality rate was once again similar between groups (4.2 vs. 5.0%, p = 0.536). Conclusions: In our population, complete
revascularization during hospitalization was associated with lower risk of the primary endpoint of all-cause mortality or
cardiovascular re-hospitalization, mainly driven by a major reduction in cardiovascular re-hospitalizations, with similar rate
of intra-hospital complications.

Key words: non-ST elevated myocardial infarction; coronary artery disease; percutaneous coronary intervention; myocardial
revascularization
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Pestome. BbBepaeHue n uen: MHorocvgosata 6onect (MCB) ce cpelya npn npubnuanTenHo NofoBMHaTa OT NALMEHTUTE C MUOKap-
AeH nHdapkt 6e3 ST-enesauus (NSTEMI) v e cBbp3aHa ¢ NOBULLEH PUCK OT CbPAEYHO-CbAO0BM CbOUTHS. Bbnpekyu ToBa
HaCTOSLLMTE NPenopbKM 3a MbiiHa pesackynapusauuns npu NSTEMI ce ocHoBaBaT Ha HabnogaTenHu u HepaHLoMu3upa-
HW NPOYYBaHWS, KOWTO MPeAnonaraT Bb3MOXHA N013a N0 OTHOLLIEHWE Ha CMBbPTHOCTTA W CEPUO3HUTE CbPAEYHO-CHIOBM
cbbuTus. Llenta Ha ToBa Npoy4BaHe e a OLeHU PETPOCNEKTUBHO MPOrHOCTUYHOTO Bb3AENCTBIE HA MbIHATa NepKyTaHHa
peBackynapusauus npu nonynauus nauneHtn ¢ NSTEMI n MCB. Matepuan u metogu: ToBa e HaLMOHANMHO MHOMOLEH-

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.
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KniouoBu gymm:

TPOBO PETPOCMEKTMBHO MPOYYBaHe Ha nauueHTw, xocnutanuaupauu 3a NSTEMI n ¢ MCB, Bkmtouenm B MopTyranckus
perncTbp 3a ocTpy kopoHapHu cHapomu (ProACS). OueHeHo e BIMSIHMETO Ha MbiiHaTa nepkyTaHHa pesackynapuaauums
BbPXY CMbPTHOCTTa B 6OMHMLATa W B paMKUTe Ha e[jHa rofuHa Cref ToBa, KakTo M BbpXy BEPOSITHOCTTa OT MOBTOPHA
X0CnuUTanu3aums nopaaum CbpaeqHo-CbA0BM NpuunHY. PesynTatu: B aHanu3a ca BkntoueHn 06wwo 3084 naumneHTn. He ca
YCTaHOBEHM 3HA4UMU PA3NNKA MEXIY rPynuTe Mo OTHOLIEHUE HA BLTPEOONHUYHUTE YCIIOXKHEHUS U CMBPTHOCTTA, KaKTo
1 OTHOCHO CpefHaTa NPOLbITPKATENHOCT HA XOCTMTanu3aumusTa. Bbnpeku ToBa mbiHaTa peBackynapusalus nokassa 3Ha-
UWTENHO BNUSIHWE BbPXY MbpBUYHATA KpaliHa TOUYKA 38 CMBPTHOCT OT BCUYKW NMPUYMHU UMW NOBTOPHA XOCTIMTANN3aLmMs
nopagm cbpaeyHo-cbaosm npuumnkn (11,9% cnpsmo 20,4%, p < 0,001), rnasHo Nopagu 3HAYMTENHO HaManeHue Ha He-
NNaHNpaHnNTe NOBTOPHU XOCTIMTANM3aLMM MO CbPAEYHO-CHA0BU NPUYMHI NPU €AHOrOAMLLHO Npocneassate (9,3 cnpsmo
16,8%, p < 0,001). Ot gpyra cTpaHa, egHoroauMiLHaTa CMbPTHOCT OTHOBO € CxoaHa Mexay rpynute (4,2% cnpsmo 5,0%,
p = 0,536). 3akntoyeHue: B Halata nonynauus mbiHaTa peBackynapusauus no BpeMe Ha xocnutanusaupsta belue
CBbP3aHa C MO-HUCHK PUCK N0 OTHOLLEHME Ha MbPBIUYHATA KpailHa TOYKA — CMBPTHOCT MO BCUYKM NPUYMHM U MOBTOPHA
XOCMMTanu3aLms nopasy CbpAeyHO-Cb0BY NPUYNHM, TNaBHO bnaroaapeHne Ha 3HaUMTENHOTO HaManeH e Ha pexocnu-
Tanu3alunTe nopagu CbpAeYHO-CbA0BM NPUYMHY, NPW CXOAHA YECTOTa Ha BLTPEDOMHNYHM YCTOKHEHMS.

UHAPKT Ha Muokapaa Ges ST-enesaunst; KopoHapHa apTepuanHa GonecT; nepkyTaHHa KOPOHApHA UHTEPBEHLS; pe-

Backynapu3aaLms Ha M1oKapza
Anpec

3a KopecrnoHaeHuuna:

INTRODUCTION

Multivessel disease (MVD) is evident in approxi-
mately half of non-ST-elevation myocardial infarction
(NSTEMI) patients and is associated with an increased
risk of cardiovascular events [1-3].

Complete revascularization in NSTEMI was proved
safe, with comparable rates of in-hospital mortality,
bleeding, renal failure and non-fatal cardiogenic shock
to culprit-only revascularization (4) Nevertheless, while
numerous recent randomized trials have provided ro-
bust evidence supporting complete percutaneous re-
vascularization for ST-elevation acute myocardial in-
farction concerning hard endpoints [3, 5-10], there is a
noticeable lack of studies assessing its prognostic im-
pact in NSTEMI. In fact, the current recommendation
for complete revascularization in NSTEMI [11] is based
primarily in observational and non-randomized studies
suggesting a possible benefit regarding mortality and
major cardiovascular events [1, 12].

This study, therefore, aimed to assess the prog-
nostic impact of complete revascularization in a Portu-
guese population with NSTEMI and MVD.

MATERIAL AND METHODS

This was a national multicentre retrospective study
of patients hospitalized for NSTEMI with MVD. Data was
collected from the Portuguese Registry for Acute Coro-
nary Syndromes (ProACS). Patients are enrolled on the
ProACS during hospitalization for ACS, on a voluntary
basis, by signing a written informed consent form.

The ProACS is a national multicentre continuous
prospective observational registry, coordinated by the
National Centre for Data Collection in Cardiology under

Maprta KatapuHa Pubeiipo BepHapgo, e-mail: martab1516@gmail.com

the aegis of the Portuguese Society of Cardiology. All
cardiology departments at Portuguese hospitals were
invited to consecutively include adult patients hospital-
ized for ACS. Collected data include demographic and
clinical characteristics, laboratory test results, clinical
course, treatment (medical and interventional), as well
as data regarding vital status and hospitalizations at
one-year follow-up. The registry was approved by the
Portuguese Data Protection Authority (no. 3140/2010),
is registered at ClinicalTrials.gov (NCT 01642329), and
is supervised by an Executive Committee appointed for
this purpose [13].

In this analysis, all 14 892 NSTEMI patients con-
secutively enrolled between October 2010, and De-
cember 2022 were considered. For all patients, rele-
vant demographic and previous clinical data, NSTEMI
related data (including clinical data, medical and inter-
ventional treatments, and complications), vital status
and therapy at discharge, as well as vital status and
re-hospitalization data at one-year of follow-up were
available. Those with missing data regarding coronary
angiography or revascularization, or who were not sub-
mitted to invasive coronary angiography during admis-
sion, were excluded.

MVD was defined as the presence of at least
50% diameter stenosis in angiography of at least one
non-culprit artery. The culprit lesion was identified as
the coronary stenosis associated with the presenta-
tion of ACS based on clinical, non-invasive, or invasive
data. We defined two-vessel disease as the presence
of at least 50% diameter stenosis in angiography in
one non-culprit artery and three vessel-disease in two
non-culprit arteries.

Complete revascularization was defined as percu-
taneous coronary intervention of all coronary arteries
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with angiographic = 50% diameter stenosis. This could
be done either during the initial procedure or staged
throughout the remaining hospitalization, depending on
the operator’s judgment.

Patients were categorized into two groups based
on the revascularization strategy: one group that un-
derwent complete percutaneous revascularization
during the index hospitalization and another one who
received incomplete revascularization. The primary
endpoint was one-year all-cause mortality or cardio-
vascular re-hospitalization (which included hospital-
ization for unplanned revascularization, heart failure
decompensation or ventricular arrhythmias excluding
elective or planned procedures). Secondary endpoints
included in-hospital complications and mortality.

Statistical analysis

Categorical variables were expressed as frequen-
cies and percentages and were compared using the chi-
square test. Continuous variables were presented as
mean and standard deviation (for normal distribution) or
median and interquartile range (IQR) (the ones without
normal distribution). Comparisons between groups were
conducted with independent samples t-test or non-para-
metric tests. Kaplan-Meier curves were used to assess
one-year survival differences according to complete or
incomplete revascularization, and the difference was as-
sessed by the log rank test. Statistically significant differ-
ences were assumed when the p-value was < 0.05. IBM
SPSS Statistics version 25 (IBM, Armonk, New York)
was used for the statistical analysis.

REsuULTS

Among the 7513 NSTEMI patients with coronary
angiography data in the ProACS registry, a total of

3084 (41.0%) presented MVD and were included in
this analysis (central illustration). Most participants
were males (74.8%) with a mean age of 67.8 + 11.9
years. The majority of our patients was submitted to in-
complete revascularization (72.9%). Among those who
received complete revascularization, 81.4% had it per-
formed during the index procedure, while 18.6% had it
staged during the remaining hospitalization.

Baseline characteristics and comparisons between
groups are presented in Table 1. Patients who received
complete revascularization were younger (65.5 + 11.8
vs. 68.6 + 11.8 years, p < 0.001) and had fewer car-
diovascular risk factors, except for smoking and obe-
sity. Conversely, those who had incomplete revascu-
larization exhibited a significantly higher prevalence of
comorbidities, namely chronic kidney disease (9.1 vs.
4.8%, p < 0.001), stroke (9.5 vs. 5.9%, p = 0.002), pe-
ripheral artery disease (7.9 vs. 5.7%, p = 0.037) and
valvular heart disease (3.6 vs. 1.6%, p = 0.005). They
also had a higher incidence of previous acute myocar-
dial infarction (31.7 vs. 17.1%, p < 0.001) and percu-
taneous or surgical revascularization (21.9 vs. 17.4%,
p = 0.007 and 14.8 vs. 1.6%, p < 0.001).

In-hospital evolution

The maijority of patients presented to the emergen-
cy department in Killip class | (85.2%) and with 180
minutes of symptoms (IQR 98-402). Notably, those
presenting in higher Killip classes, including patients
with cardiogenic shock (0.8%), as well as those with
reduced left ventricular ejection fraction were less likely
to receive complete revascularization (9.7 vs. 16.8%, p
< 0.001 and 22.5 vs. 35.5%, p < 0.001) (Table 2).

Coronary angiography identified two-vessel dis-
ease in 57.5% of the patients, while the remaining

Complete revascularization in non-ST elevation myocardial infarction

Analysis from the real-life Portuguese Registry for Acute Coronary Syndromes
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Centralillustration: Study population, in-hospital and one-year follow-up results for the comparison of complete versus incomplete revascularization
in patients with non-ST elevation myocardial infarction and multivessel disease. MVD — multivessel disease; NSTEMI — non-ST elevation
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Table 1. Baseline characteristics according to the revascularization strategy

Complete revascularization Incomplete revascularization p-value
(N =836) (N = 2248)
Male 613 (73.3) 1694 (75.4) 0.248
Age (years) 65.5+ 11.8 68.6 + 11.8 < 0.001
Previous Ml 141 (17.1) 700 (31.7) < 0.001
Previous PCI 144 (17.4) 486 (21.9) 0.007
Arterial hypertension 601 (72.5) 1762 (79.5) <0.001
Diabetes mellitus 298 (36.2) 935 (42.1) 0.003
Dyslipidaemia 494 (61.1) 1443 (66.7) 0.004
Smoking 239 (28.6) 482 (21.4) < 0.001
Obesity 207 (27.6) 545 (28.2) 0.727
Stroke 49 (5.9) 211 (9.5) 0.002
Peripheral artery disease 47 (5.7) 175 (7.9) 0.037
Heart failure 43 (5.2) 153 (6.9) 0.091
Valvular heart disease 13 (1.6) 79 (3.6) 0.005
Chronic kidney disease 40 (4.8) 201 (9.1) <0.001
Table 2. In-hospital outcomes according to the revascularization strategy
Complete revascularization Incomplete revascularization p-value
(N =836) (N = 2248)
Killip class > | 81(9.7) 372 (16.8) <0.001
Left ventricular ejection fraction 55+ 11 51+ 11 < 0.001
Serum creatinine > 2 mg/dL at presentation 36 (4.5) 147 (6.9) 0.459
Maximum serum creatinine > 2 mg/dL 55 (8.4) 240 (13.3) 0.668
Baseline angiographic analysis
Two vessel disease 699 (83.6) 1073 (47.7) < 0.001
Three vessel disease 137 (16.4) 1175 (52.3) < 0.001
Stenosis 2 50%
Left main 62 (7.6) 236 (11.2) 0.004
Left anterior descending 641 (76.8) 1972 (85.8) <0.001
Left circumflex 604 (72.4) 1773 (79.2) < 0.001
Right coronary artery 498 (59.6) 1878 (64.1) <0.001
In-hospital complications
Recurrent Ml 13 (1.6) 44 (2.0) 0.456
Acute HF 74 (9.0) 326 (14.7) < 0.001
Cardiogenic shock 12 (13.8) 52 (14.0) 0.957
Mechanical complication 4 (0.5) 3(0.1) <0.001
Sustained VT 11 (1.3) 18 (0.8) 0.191
Cardiac arrest 9(1.1) 31(1.4) 0.505
Stroke 8 (1.0) 8(0.4) <0.001
Death 6 (0.7) 36 (1.6) 0.060

Baseline characteristics are represented as N (%) or mean * standard deviation. HF — heart failure; Ml — myocardial infarction; VT — ventricular

tachycardia

42.5% presented three-vessel disease. Complete
revascularization was less frequent in patients with
three-vessel disease (16.4 vs. 52.3%, p < 0.001).
Considering in-hospital complications (Fig. 1), pa-
tients submitted to complete revascularization exhibit-
ed less rates of acute heart failure (9,0% vs 14,7%, p

< 0,001), mechanical complications (0,5% vs 0,1%, p <
0,001), or stroke (1,0% vs 0,4%, p = 0,51) during hospi-
talization, as well as a non-significant trend to an inferior
in-hospital mortality rate (0.7 vs. 1.6%, p = 0.06). How-
ever, they presented with similar rates of recurrence of
acute myocardial infarction (1.6 vs. 2.0%, p = 0,456).
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The median hospitalization length was not signifi-
cantly affected by the revascularization strategy [4 (2;
6) vs. 5 (2.5; 10) days, p = 0.396].
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complication
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Fig. 1. In-hospital complications according to the revascularization
strategy

Follow-up

After one year of follow-up, complete revascular-
ization showed a significant impact on the primary end-
point of all-cause mortality or cardiovascular re-hospi-
talization with rates of 11.9% compared to 20.4% in the
incomplete revascularization group (p < 0.001) (Fig. 2).

However, when analysing its individual compo-
nents, it becomes evident that this benefit primarily
arises from a major reduction in unplanned cardiovas-
cular re-hospitalizations at one year of follow-up (9.3
vs. 16.8%, p < 0.001). Conversely, one-year mortality
rate was once again similar between groups (4.2 vs.
5.0%, p = 0.536).

A Death or Cardiovascular Re-hospitalization

Curmulative surival

Cumulative sunival
Cumulative sunvival

DiscussION

The main findings of this national registry analy-
sis are threefold. First, complete revascularization in
NSTEMI patients with multivessel disease was associ-
ated with significantly lower rates of the composite end-
point of all-cause mortality or cardiovascular re-hospi-
talization at one year, mainly driven by a reduction in
unplanned cardiovascular hospitalizations. Second,
in-hospital complications and mortality were similar
between complete and incomplete revascularization,
supporting the safety of this strategy. Third, complete
revascularization was less frequently achieved in pa-
tients with more complex coronary anatomy or hemo-
dynamic instability, such as those with three-vessel dis-
ease or higher Killip class.

These results highlight that, even in real-world prac-
tice and despite the inclusion of patients with less severe
lesions, complete revascularization may provide a prog-
nostic benefit by reducing recurrent hospitalizations,
without increasing short-term procedural risk.

MVD is observed in a substantial proportion of
NSTEMI patients [1-3]. In our study, its prevalence was
41.0%, which is consistent with the described in previ-
ous literature [12]. While the benefits of complete re-
vascularization are well-established for STEMI [5-10],
its role in NSTEMI remains a matter of debate, due to
the scarcity of randomised trials comparing different re-
vascularization strategies. To our knowledge, this work
is among the largest modern registries that compare
complete and incomplete percutaneous revasculariza-
tion strategies in NSTEMI patients with MVD.

As noted by Brener SJ et al. [4] complete
revascularization during the hospitalization, for
NSTEMI appears to be safe, as evidenced in our
study by similar in-hospital complications and
mortality rates between the two groups.

Unlike previous studies [12, 14], in our anal-
ysis, complete revascularization was not associ-
ated with a reduction in one-year all-cause mor-
tality. This discrepancy might be at least partially
attributed to the severity of the coronary lesions,
which were considered significant and, thus, with
indication for revascularization if there was at
least 50% stenosis of the coronary lumen. How-
ever, according to the most recent guidelines
[15], a visually estimated diameter stenosis of at
least 70%, or 50% for left main disease, should
be regarded as significant. In fact, in the FAME
(Fractional Flow Reserve versus Angiography for

[} 100 200 200 0 100 200

Time (days) Time (days)

Fig. 2. Kaplan-Meier curves showing reduction of Primary endpoint
of death or cardiovascular re-hospitalization (Panel A), mainly driven
by a reduction in unplanned cardiovascular re-hospitalizations (Panel
B), without a significant impact on one-year mortality rate (Panel C)

300

Multivessel Evaluation) trial [16], only 35% of the

50-70% stenoses were found to be haemodynam-
ically relevant. Therefore, using broader criteria may
have resulted in the inclusion of less severe lesions,
which would not have such prognostic relevance.
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Complete revascularization was less frequent among
patients with three-vessel disease (16.4 vs. 52.3%, p <
0.001). This may be due to the more complex nature
of their disease, which may not be amenable for per-
cutaneous revascularization. The presence of multiple
significant stenosis allied to the potential overestimation
lesion severity during the acute phase of the NSTEMI
might also difficult the prompt identification of the culprit
lesion, which may remain unidentified in up to 51% of
the patients [12]. Additionally, the possible presence of
chronic total occlusions could not be ruled-out and may
have affected not only the revascularization strategy, but
also the prognosis of such patients.

Less stable patients, such as those presenting in
higher Killip classes or with reduced left ventricular ejec-
tion fraction were also less likely to receive complete re-
vascularization.

Nevertheless, even for less severe lesions, com-
plete revascularization did in fact associate with an im-
proved one-year prognosis, by virtually halving the inci-
dence of unplanned cardiovascular re-hospitalizations.

These findings support a more comprehensive
revascularization approach in NSTEMI patients with
multivessel disease, provided anatomical and hemody-
namic conditions allow it. Reducing recurrent hospital-
izations may translate into improved quality of life and
lower healthcare burden. Future randomized studies
should confirm whether these benefits persist with strict-
er anatomical and physiological lesion assessment.

The present work as, however, some limitations.
First of all, this was an observational retrospective
study of patients from the ProACS registry, in which
the inclusion of each patient is voluntary and depends
on their informed consent. Consequently, limitations
inherent to observational non-randomized studies ap-
ply. There may also exist some differences between
the institutions participating in the Registry, potentially
introducing selection bias. However, a relatively large
number of patients was included in the analysis, thus
constituting a representative picture of the Portuguese
reality. Although observational studies may only arrant
hypothesis generation, in the absence of randomized
controlled trials evaluating the prognostic impact of
complete revascularization in NSTEMI patients, such
population-based studies can still offer valuable in-
sights for clinical practice.

Secondly, the presented data were sourced from
a multicentre registry, without a “core lab” to adjudi-
cate events. More detailed information on the cause of
death or cardiovascular hospitalization at one-year was
not available. Also, being a retrospective observation-
al study, differences in patient baseline characteristics
might had some impact on the results obtained.

Third, as previously mentioned, coronary lesions
with angiographic stenosis of at least 50% were con-

sidered significant. This broad criterion might have led
to the inclusion of less severe patients, impairing the
evaluation of the prognostic impact in hard outcomes
such as one-year mortality. A more stringent definition of
angiographically significant lesions, even incorporating
intracoronary imaging or functional analysis, might help
to better select patients who would benefit the most of
this strategy. Additionally, an analysis of the exact extent
and location of the coronary lesions might be of inter-
est, since distal or smaller vessel lesions may not have
the same prognostic importance than proximal dominant
vessels stenosis. Operator preferences could result to
culprit-vessel only revascularization in cases of hemody-
namic instability or complicated procedures.

CONCLUSION

This national multicentre study stressed the impor-
tance of a complete revascularisation in NSTEMI patients
with MVD. Complete revascularization led to an overall
long-term benefit, mainly due to a major reduction in car-
diovascular re-hospitalizations, without a significant im-
pact on one-year mortality rate. Further randomized con-
trolled trials are needed to validate these findings.
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