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Introduction

Current epidemiological data indicate more frequent
occurrence of non-ST-elevation acute coronary syndromes
(NSTE-ACS) than ST-segment elevation myocardial infarc-
tion (STEMI) [1, 2]. Large diversity of presented clinical symp-
toms and outcomes is characteristic for the NSTE-ACS pop-
ulation. Therefore an essential element both in diagnosis
and in the selection of an optimal therapeutic strategy is
estimation of cardiovascular risk. It has been proven that
suitable stratification enables one to separate patients from
the low risk group where conservative treatment seems to
be favorable and from the high risk group in which invasive
diagnostics and treatment are necessary [3-5].

Several meta-analyses have demonstrated that choos-
ing the early invasive strategy provides measurable bene-
fits in reduction of adverse cardiovascular events [6-10],
including death from any cause in long-term follow-up [7].

Among patients with NSTE-ACS who underwent coronary
angiography the percentage of single and multivessel coro-
nary artery disease (MV CAD) is respectively 20-40% and
40-60% [4, 11-15]. Both in the first and second case the
further procedure is usually percutaneous coronary inter-
vention (PCI) of the culprit vessel [16-18]. However, in the
MV CAD population the decision on performing an inter-
ventional procedure in the remaining narrowed vessels,
which are not the direct cause of NSTE-ACS, is still a prob-
lematic issue. Furthermore, the question arises whether
any intervention should be accomplished immediately after
culprit vessel angioplasty or postponed to clinical condi-
tion stabilization?

It should be emphasized that the preferred method of
managing multivessel coronary artery disease recom-
mended by the European Society of Cardiology (ESC) is
coronary artery bypass grafting (CABG) [17]. Nevertheless,
the results of recent studies indicate that PCI can be per-
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Among patients with non-ST-elevated acute coronary syndromes (NSTE-ACS) the estimated percentage of single vessel coronary
artery disease (SV-CAD) observed during coronarography is about 20-40%, while multivessel coronary artery disease (MV-CAD) is
found in about 40-60%. Further treatment in patients with both SV CAD and MV CAD is usually culprit vessel percutaneous coronary
intervention (CV-PCI). Nevertheless, in the group of patients with MV-CAD there is still a problematic decision whether the non-infarct
related arteries (non-IRA) should be treated with PCI. According to the European Society of Cardiology (ESC) guidelines on myocar-
dial revascularization this decision should be based on the overall clinical and angiographic status of the patient; simultaneously they
suggest performing ad hoc CV-PCI. The decision of performing intervention in the rest of the narrowed coronary arteries should be
made after consultation with the heart team or according to the protocols adopted in the specific clinic. Furthermore, there is a ques-
tion of whether the procedure should be performed immediately after culprit vessel revascularization or it should be postponed until
the patient is stabilized. Due to the lack of specific recommendations we decided to perform an analysis of existing studies which
compared culprit versus multivessel revascularization in patients with MV-CAD and non-ST-elevated acute coronary syndromes.
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formed as an alternative method to cardiac surgery in
patients with low and intermediate SYNTAX Scores [18, 19].

Potential benefits and risks from each 
strategy

At the beginning it is worth noting that MV CAD itself
is associated with lower rates of successful revasculariza-
tion, an increased number of complications and conse-
quently with worse in-hospital and long-term outcomes
[20, 21]. Therefore, in contrast to lesions restricted to a sin-
gle coronary artery, the further decision-making process
on the optimal treatment strategy is more complex. Tech-
nical development especially in the field of coronary artery
stents caused an increase in the number of PCI procedures
among patients with MV CAD, which in some situations
constitutes a valuable alternative to CABG [17, 19, 22].

As noted earlier, after culprit vessel revascularization
in the course of MV CAD the interventional cardiologist is
forced to decide whether to expand the procedure to the
remaining significantly narrowed vessels or to end it. Both
strategies carry potential, often different risks and bene-
fits. The foregoing dilemma does not apply to patients with
cardiogenic shock, since the guidelines recommend com-
plete myocardial revascularization, with PCI performed in
all critically stenosed large epicardial territories.

Acute coronary syndromes cause many local and sys-
temic pathophysiological processes, such as increased
adrenergic activity, which manifest in presence of vascular
spasm especially in atherosclerotic vessels [23]. The vaso -
spastic component with endothelial dysfunction leads to
overestimation of stenosis severity in coronary angiogra-
phy [24]. In some cases, during multivessel revasculariza-
tion (MVR) this condition can result in unnecessary angio-
plasty in non-significantly stenosed vessels. Moreover,
considering the prothrombotic [25] and proinflammatory
state [26] it should be noted that a substantial increase of
early thrombosis and restenosis risk is proportional to the
number of implanted stents [27, 28]. The MVR can also lead
to prolongation of procedure time, exposure to a higher
radiation dose and larger volume of contrast agents com-
pared to culprit vessel revascularization. This may result in
an increased number of complications such as periproce-
dural bleeding, myocardial infarction or acute kidney injury,
especially among patients with low cardiovascular risk. It
is often associated with poorer in-hospital and long-term
outcomes [29-35]. On the other hand, instability of ather-
osclerotic plaque during acute coronary syndrome is not
necessarily limited to the culprit vessel [36]. Most impor-
tantly, more complex intervention can reduce the number
of adverse cardiovascular events, especially by limiting
future revascularization and rehospitalization.

In the course of multivessel NSTE-ACS, one of the pos-
sibilities after culprit vessel angioplasty is to postpone the
procedure of the remaining stenosed vessels. Postponed
intervention can be performed during the same hospital-

ization or delayed after hospital discharge. This solution
provides stabilization of the patient and allows heart team
to reassess the clinical and angiographic state. Additional
data can be provided by conducting noninvasive stress
tests, which can be helpful in further diagnosis of ischemia
caused by stenosis not related to the culprit vessel. How-
ever, postponing the procedure comes with greater risk of
complications associated with the following procedure and
possible repeat hospitalization. 

Due to those issues based on the whole spectrum of
acute coronary syndromes, we decided to analyze in detail
scientific reports on efficacy and safety of presented strate-
gies on managing patients with NSTE-ACS and MV CAD.

Methods
We analyzed original papers available in the PubMed

database using the following key words: ‘acute coronary
syndromes’, ‘multivessel coronary disease’, and ‘percuta-
neous coronary intervention’. We also analyzed societies
of cardiology guidelines ESC/ACCF/AHA for references relat-
ed to the discussed subject [16-18].

Commonly MV CAD is defined as presence of at least
2 hemodynamically significant narrowed major epicardial
arteries during angiography. Depending on the study
a diameter stenosis of > 50% or > 70% was considered sig-
nificant in vessels larger than 1.5 mm. In analyzed studies
culprit vessel PCI (CV PCI) was defined as revascularization
of every significant stenosis in the artery responsible for
ischemia in NSTE-ACS, whereas multivessel PCI (MV PCI)
was defined as revascularization in > 1 major epicardial
vessel during a single procedure. In some articles, the MV
PCI group included patients who underwent a staged 
procedure during single hospitalization [41, 45, 47]. In all
cases the decision on choosing the revascularization strat-
egy was undertaken by the operator. The remaining de fi-
nitions on the discussed subject are available in relevant
papers [37-47]. Gathered scientific data based on hospital
and national registries are shown in Table 1.

Baseline clinical characteristics of analyzed
groups

Clinical characteristics of both groups are shown in 
Table 2. Brener’s and Bauer’s studies showed that patients
who undergo CV PCI are significantly older and more fre-
quently diagnosed with non-ST-segment elevation myocar-
dial infarction (NSTEMI) than patients from the MV PCI
group [43, 46]. Also in the CV PCI group they noted more
frequent occurrence of hypertension, peripheral vascular
disease and cigarette smokers. Furthermore, Brener ob -
served more frequent presence of renal failure and 
prior PCI, whereas Bauer noted lower presence of hyper-
 cholesterolemia and heart failure in the CV PCI group. In
other studies baseline characteristics were similar between
both groups [41, 42, 44, 45]. It is worth noting that patients
from the CV PCI group were more burdened in terms of
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quantity of accompanying diseases and inferior clinical
state.

Culprit vessel identification
Culprit vessel identification is crucial for further treat-

ment of MV CAD. Culprit vessel localization is identified by
the operator, usually based on anatomical and functional
evaluation of coronary artery stenosis. In contrast to the
STEMI population, in NSTE-ACS patients with MV CAD
assessing the culprit vessel based only on the angiographic
image can cause many difficulties. Characteristic features
of the lesion responsible for ischemia are: irregular bor-
ders, eccentricity, ulceration or filling defect, which indi-
cates thrombus [36]. Most of the time juxtaposition of the

foregoing image with electrocardiography and echocar-
diography tests allows us to identify the culprit vessel. Frac-
tional flow reserve (FFR) is indicated for the assessment
of the functional consequences of moderate coronary
stenoses when functional information is lacking [48-51].
Moreover, some clues about localization can be provided
by different diagnostic methods; however, their varied use-
fulness, low availability and high costs limit their use nowa-
days [52, 53]. 

In the analyzed papers about optimal invasive treat-
ment, according to the scheme shown above, identifica-
tion of the culprit vessel was undertaken by the operator
based on angiographic data and changes in the electro-
and echocardiography test. The FFR was not used in any

FFiirrsstt  YYeeaarr IInncclluussiioonn HHeemmooddyynnaammiicc EExxcclluussiioonn NNuummbbeerr NNuummbbeerr FFoollllooww--uupp EEnndd  ppooiinnttss
iinnvveessttiiggaattoorr  ccrriitteerriiaa ssiiggnniiffiiccaannccee ccrriitteerriiaa ooff  ppaattiieennttss ooff  ppaattiieennttss  wwiitthh
ooff  ssttuuddyy ooff  lleessiioonn iinn  tthhee  ssttuuddyy CCVV  //  MMVV  PPCCII

Brener [41] 2002 NSTE-ACS > 50% IiCV, 290 224/66 6 months Composite 
MV CAD > 70% Staged PCI (death/MI/

PCI Prior CABG hospitalization)
and/or PCI in Revascularization
last 6 months

Shishehbor [42] 2007 NSTE-ACS > 50% Staged PCI 1240 761/479 28 ±23 Composite  
MV CAD Prior CABG months (death/MI/

PCI CTO revascularization)
BMS LM CAD Components 

of composite 
end point

Brener [43] 2008 NSTE-ACS > 50% Staged PCI 105866 72048/33818 In hospital Death
MV CAD Prior CABG MI

PCI Revascularization
Success 

of procedure
Periprocedural 
complications

Zapata [44] 2009 NSTE-ACS > 70% Staged PCI 609 405/204 12 months Composite 
MV CAD Prior CABG (death/MI/

PCI CTO revascularization)
Components 
of composite 

end point

Lee [45] 2011 NSTE-ACS > 50% Prior CABG 366 187/179 36 ±7 months Composite 
MV CAD LM CAD (death/MI/

PCI CTO revascularization)
DES Planned PCI Components 

after of composite 
hospitalization end point

Bauer [46] 2011 NSTE-ACS > 70% Prior CABG 1920 1186/734 In hospital Death
MV CAD LM CAD MI

PCI Stroke
Major bleeding

Dialysis

TTaabbllee  11..  Characteristics of previous studies in patients with non-ST-elevation acute coronary syndromes and
multivessel coronary artery disease

CV PCI – culprit  vessel percutaneous coronary intervention, MV PCI – multivessel percutaneous coronary intervention, NSTE-ACS – non-ST-elevation acute
coronary syndrome, MV CAD – multivessel coronary artery disease, BMS – bare metal stent implantation, DES – drug-eluting stent implantation, 
iiCV – inability to identify culprit vessel, CABG – coronary artery bypass graft, LM CAD – left main coronary artery disease, CTO – chronic total occlusion, 
MI – myocardial infarction
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analysis as an additional diagnostic method in stenosis
evaluation. Only in 3 studies did the authors indicate
a problem of patients among whom identification of the
culprit vessel was not possible [41, 42, 44]; they were
excluded from further analysis [41, 42] or automatically
assigned to the CV PCI group [44]. Presence of several sig-
nificant lesions with similar anatomy and functional char-
acteristics can cause inability to identify the culprit vessel
among patients with NSTE-ACS. This situation is an impor-
tant argument in favor of performing MV PCI.

Factors influencing the choice of strategy
It is worth carefully thinking about other factors that

can substantially affects the operator’s choice of a partic-
ular invasive treatment strategy. Brener et al. reported that
factors independently associated with conducting CV ver-
sus MV PCI included NSTEMI diagnosis, chronic kidney dis-

ease, prior PCI, peripheral vascular disease, older age, cig-
arette smoking and low left ventricular ejection fraction
(Table 3) [43], while among patients suffering from heart
failure in NYHA class IV the operator more frequently decid-
ed to perform MV PCI.

Data from angiographic analysis have shown that the
choice of strategy is determined by severity, localization
of the culprit vessel and presence of chronic total occlu-
sion (CTO) in non-culprit vessels. If one of the lesions was
total occlusion of the right coronary artery (RCA) or prox-
imal left anterior descending (LAD), the operator signifi-
cantly more often decided to perform CV PCI instead of
MV PCI, whereas in the case of different lesion localization
multivessel revascularization was more frequently con-
ducted.

Part of the mentioned data was reported in a publica-
tion by Bauer et al. [46]. Independent factors influencing

VVaarriiaabbllee FFiirrsstt  iinnvveessttiiggaattoorr  ooff  ssttuuddyy

BBrreenneerr  [[4411]] SShhiisshheehhbboorr  [[4422]] BBrreenneerr  [[4433]] ZZaappaattaa  [[4444]] LLeeee  [[4455]] BBaauueerr  [[4466]]

Group CV PCI MV PCI CV PCI MV PCI CV PCI MV PCI CV PCI MV PCI CV PCI MV PCI CV PCI MV PCI

N 224 66 761 479 72048 33818 405 204 187 179 1186 734

Mean age 62 ±12 62 ±11 65 ±12 66 ±12 66 ±9 65 ±10 62 ±11 61 ±10 65 ±12 65 ±11 67 ±11 65 ±11
[years]

Male [%] 67 71 65 64 64 64 83 82 63 72 73 69

Medical history [%]

NSTEMI 65 75 – – 38 33 – – – – 48 43

Prior MI 43 44 47 46 29 25 27 25 8 9 34 34

Prior PCI – – – – 32 28 17 11 16 8 23 20

Cigarette 26 32 26 19 27 25 31 30 19 25 53 47
smoking

Heart failure 6 5 – – 10 10 – – 6 6 10 14

Hypertension 70 64 – – 74 73 65 66 63 58 76 70

Diabetes 27 30 12a 13a 32 31 22 20 41 34 30 29
mellitus 19b 19b

Dyslipidemia 67 68 – – 68 68 62 66 28 32 59 65

Family history – – 37 42 – – – – 6 7 – –
of CAD

Renal – – 6 6 6 5 4 3 6 6 7 5
dysfunction

PAD – – 9 10 13 11 – – 4 3 – –

Medications at discharge [%]

ASA – – 94 94 92 92 – – 98 98 – –

ACE-Inh – – 21 25 – – – – – – – –

β-Blockers – – 47 44 – – – – 63 68 – –

Statins – – 89 81 – – – – 78 77 – –

Clopidogrel – – 77 82 94 94 – – 98 98 – –

TTaabbllee  22..  Baseline characteristics of patients according to adopted strategy

CV PCI – culprit vessel percutaneous coronary intervention, MV PCI – multivessel percutaneous coronary intervention, N – number of patients, p – proba-
bility, UA – unstable angina, NSTEMI – non-ST-elevation myocardial infarction, CAD – coronary artery disease, MI – myocardial infarction, PAD – peripheral
artery disease, ASA – acetylsalicylic acid, ACE-Inh – angiotensin-converting enzyme inhibitor, ainsulin-dependent diabetes mellitus, bnon-insulin-
dependent diabetes mellitus
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the decision to perform culprit vessel PCI were: diagnosed
NSTEMI, older age, peripheral vascular disease, ischemic
stroke and prior myocardial infarction. In contrast to Bren-
er et al., presence of chronic kidney disease, heart failure
and CTO did not affect the decision-making process. Fur-
thermore, occurrence of significant stenosis in distal seg-
ments of coronary arteries (segments 3, 4, 8, 9, 10, 14, 15)
substantially less often led the operator to perform MV
PCI (OR: 0.43; 95% CI: 0.32-0.58; p < 0.001). 

According to the ESC guidelines in the context of MV
CAD, one of the arguments in favor of choosing the opti-
mal strategy can be widely available risk scores applied
during coronary angiography [17]. Lee et al. in angiographic

evaluation assessed the median SYNTAX score and
APPROACH lesion score [45]. The results of the first score
were similar between the two groups (22.4 ±10.7 vs. 23.1
±9.3; p = NS), whereas in the APPROACH lesion score
patients above the median had a tendency to undergo MV
PCI more often than those with a score below the medi-
an (56.2 ±15.4 vs. 60.0 ±14.3; p = 0.016). In multivariate
analysis there was no significant interaction between the
treatment strategy and the APPROACH lesion score or the
SYNTAX score. Shishehbor et al. analyzed the less com-
mon DUKE prognostic score, which assesses the com-
plexity of coronary artery stenoses based on their degree
and location [42]. Patients treated with MV PCI had a sig-
nificantly higher score (34 ±14 vs. 36 ±14; p = 0.008); how-
ever, when only patients with severe multivessel coronary
artery disease (at least 2 critical stenoses > 95% in 2 coro-
nary arteries; DUKE prognostic score ≥ 42) were analyzed,
there were no statistically significant differences between
the groups (20% vs. 20%; p = NS). Nevertheless, in the dis-
cussed subject there is still a need for further studies in
order to define the role of mentioned scores in selecting
the proper PCI strategy or to create new scores facilitat-
ing the decision-making process. 

Efficacy and safety of CV PCI compared to
MV PCI

So far, no randomized studies have been conducted in
order to compare CV vs. MV PCI in the NSTE-ACS popula-
tion. Data from in-hospital and long-term outcomes ac -
cording to the selected strategy are contained in Table 4.

The TACTICS-TIMI 18 subanalysis included 427 patients
with NSTE-ACS treated with PCI; 137 patients manifested
single vessel coronary artery disease and the remainder
290 multivessel coronary artery disease, of whom 224 were
treated with CV PCI and 127 were qualified for multives-
sel revascularization [41]. There were no significant differ-
ences in occurrence of major adverse cardiac events be -
tween CV and MV PCI groups during 30 days (9.4% vs. 7.6%;
p = NS) and 6-month follow-up (23.2% vs. 21.2%; p = NS);
however, it should be noted that non-target vessel revas-
cularization was performed statistically significantly more
often in the CV PCI group (6.3% vs. 1.5%; p = 0.04). Mod-
ifying the threshold for the definition of significant coro-
nary artery disease from 50% to 70% resulted in similar
outcomes with even greater need for repeat revascular-
ization (7.7% vs. 1.7%; p = 0.001). It is worth mentioning
that this study included patients with prior CABG at least
6 months before the current procedure (total 64; 21% vs.
24%; p = 0.001). Presence of both unobstructed and stenosed
grafts can substantially affect the operator’s decision on
strategy selection and consequently treatment outcomes.

This problem was avoided in subsequent analyses,
where prior CABG was one of the exclusion criteria. Shi -
sheh bor et al. analyzed 1240 patients, 479 of whom under-
went multivessel and 761 culprit-only stenting. A particu-
lar element of this study is that all patients underwent PCI

FFaaccttoorr OORR  ((9955%%  CCII)) VVaalluuee  ooff  pp

Clinical

NSTEMI vs. UA 1.29 (1.24-1.34) < 0.001

LVEF (per 10%) 0.97 (0.95-0.98) < 0.001

NYHA IV 0.86 (0.78-0.95) < 0.001

Medical history

Chronic kidney disease 1.24 (1.14-1.34) < 0.001

Prior PCI 1.14 (1.09-1.18) < 0.001

Peripheral artery disease 1.12 (1.07-1.18) < 0.001

Older age (per 10 years) 1.09 (1.08-1.11) < 0.001

Cigarette smoking 1.08 (1.05-1.12) < 0.001

Prior CHF 0.95 (0.91-1.00) 0.041

Angiographic characteristics of culprit vessel

LM 

100% (vs. < 70%) 0.58 (0.35-0.97) < 0.001

71-99% (vs. < 70%) 0.25 (0.16-0.40) < 0.001

pLAD

100% (vs. < 70%) 1.17 (1.06-1.30) < 0.001

71-99% (vs. < 70%) 0.49 (0.46-0.51) < 0.001

m/dLAD

100% (vs. < 70%) 0.92 (0.84-1.02) < 0.001

71-99% (vs. < 70%) 0.55 (0.52-0.59) < 0.001

LCx

100% (vs. < 70%) 0.71 (0.65-0.76) < 0.001

71-99% (vs. < 70%) 0.35 (0.33-0.37) < 0.001

RCA

100% (vs. < 70%) 1.43 (1.32-1.53) < 0.001

71-99% (vs. < 70%) 0.51 (0.48-0.53) < 0.001

CTO (other than culprit vessel) 1.25 (1.16-1.36) < 0.001

TTaabbllee  33.. Independent predictors of CV vs. MV PCI
(Brener et al. [43])

Odds ratio > 1 implies culprit vessel more likely than multivessel per-
cutaneous coronary intervention, NSTEMI – non-ST-elevation myocar-
dial infarction, UA – unstable angina, LVEF – left ventricular ejection
fraction, NYHA – New York Heart Association, CHF – congestive heart
failure, RCA – right coronary artery, LCx – left circumflex artery, m/dLAD
– mid or distal LAD artery

Paweł Gąsior et al. PCI in multivessel CAD



Postępy w Kardiologii Interwencyjnej 2013; 9, 2 (32) 141

only with bare metal stent implantation [42]. There were
no differences in complications such as periprocedural
myocardial infarction or acute kidney injury between the
groups. During an average of 2.3 ±2.0 years of follow-up,
MV PCI was associated with an independent impact on
improvement prognosis (HR: 0.80; 95% CI: 0.64-0.99; 
p = 0.04), mainly because of a trend towards reducing the
need for repeat revascularization (HR: 0.78; 95% CI: 0.59-
1.03; p = 0.07). Using propensity-score matching, after elim-
inating differences in baseline characteristics this trend
became statistically significant (HR: 0.59; 95% CI: 0.41-
0.84; p = 0.003). 

The largest amount of data on prognosis and in-hospi-
tal complications depending on the adopted strategy 
was provided in a publication by Brener et al., reporting on
a large group of 105 866 patients [43]. In 77% of patients

operators decided to perform CV and in 23% MV PCI. Sin-
gle vessel procedure was associated with a higher proce-
dure success rate (91% vs. 88%; p < 0.001). More frequent
occurrence of myocardial infarction during hospitalization
was observed in the MV PCI group (1.1% vs. 1.5%; p < 0.001),
while the percentage of patients with cardiogenic shock,
cardiac tamponade, bleeding or patients who underwent CV
PCI needed more often repeat revascularization already dur-
ing hospitalization (0.19% vs. 0.12%; p = 0.03) and CABG
(0.79% vs. 0.28%; p < 0.001). However, the foregoing data
did not lead to improved in-hospital outcomes (1.3 vs. 1.2; 
p = 0.09). An important disadvantage of Brenner’s analysis
is the lack of long-term follow-up of the studied population.

Zapata et al. came to similar conclusions after analyz-
ing 609 patients who presented at least two major coro-
nary vessels with a visual stenosis ≥ 70%. Four hundred

FFiirrsstt  iinnvveessttiiggaattoorr  ooff  ssttuuddyy FFoollllooww--uupp EEnndd  ppooiinnttss CCVV  PPCCII  %% MMVV  PPCCII  %% VVaalluuee  ooff  pp

Brener [41] 6 months Composite 23.2 21.2 NS

Death 2.2 3.0 NS

MI 8.0 6.1 NS

TVR 13.8 10.6 NS

Non-TVR 6.3 1.5 0.04

Shishehbor [42] 28 ±23 months Composite 36.0 35.1 0.04 

Death/MI 18.3 18.8 NS

Death 13.1 15.0 NS

Revascularization 22.5 20.0 NS

Brener [43] In hospital Death 1.3 1.2 < 0.001

MI 1.1 1.5 < 0.001

Cardiogenic shock 0.8 0.8 < 0.001

Heart failure 0.8 0.7 < 0.001

Cardiac tamponade 0.1 0.1 NS

Bleeding 1.7 1.8 NS

Renal failure 1.0 1.0 NS

Emergency repeated PCI 0.2 0.1 0.001

Unplanned CABG 0.8 0.3 0.03

Zapata [44] 12 months Composite 16.4 9.4 0.02

Death 1.98 1.99 NS

MI 1.2 0.5 NS

Revascularization 13.9 7.5 0.04

PCI 8.9 6.0 NS

CABG 5.7 1.5 0.01

Lee [45] 36 ±7 months Composite 32.6 19.6 0.001

Death 7.0 6.1 NS

MI 4.8 3.4 NS

TVR 16.0 11.2 NS

Non-TVR 19.8 3.4 0.001

TTaabbllee  44.. In-hospital and long-term prognosis according to adopted strategy 

Statistical methods: [49] analysis of variance for the three groups (ANOVA), [51] p-value for adjusted hazard ratio (HR), [52] p-value for x2 test layer, [53]
p-value for the coefficient of relative risk (RR) , [54] p-value adjusted hazard ratio (HR), [55] p-value for the adjusted odds ratio (OR)
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and five underwent CV PCI and 204 MV PCI [44]. During 
1-year follow-up the number of major adverse cardiac
events was significantly higher in the CV PCI group (16.34%
vs. 9.45%; p = 0.02), which was associated with more fre-
quent need for repeat revascularization (13.86% vs. 7.46%;
p = 0.04). In multivariate analysis procedure limited to the
culprit vessel was an independent factor influencing 1-year
mortality (OR: 1.66, 95% CI: 1.12-3.47, p = 0.01).

Because of technological progress in invasive treatment
Lee et al. decided to focus only on patients with implant-
ed drug-eluting stents [45]. They analyzed a total of 366 pa -
tients; 187 were assigned to the culprit vessel PCI group
and 179 to the multivessel PCI group. It is worth mention-
ing that in this study as opposed to the one previously dis-
cussed, the MV PCI group included patients who under-
went both single and staged procedures, during single
hospitalization; however, the authors did not present data
on mean postponement time to the second. As in previ-
ous studies, culprit vessel revascularization was associat-
ed with more frequent occurrence of major adverse car-
diac events (32.6% vs. 19.6%; p = 0.003), mostly because
of necessity to perform repeat revascularization (28.9% vs.
13.4%; p < 0.001). Death for all cause and myocardial infarc-
tion rates were comparable between the two groups. Mul-
tivariate analysis showed that MV PCI is an independent
predictor of more favorable prognosis in 36 ±6.5-month
follow-up (HR: 0.50; 95% CI: 0.30-0.85; p = 0.01).

Bauer et al. studied in-hospital outcomes of 1920 con-
secutive patients with NSTE-ACS and MV CAD from the
Euro Heart Survey registry [46]. CV PCI was performed in
1186 and MV PCI in 734 patients. The authors found that
multivessel PCI was associated with more frequent occur-
rence of periprocedural myocardial infarction (1.8 vs. 5.3; 
p < 0.0001), whereas death, stroke, major bleeding and
urgent dialysis rates were similar in both groups. The
authors did not provide long-term follow-up analysis.

Staged procedure strategy
According to ESC guidelines on myocardial revascular-

ization, after stabilization of the clinical condition among
patients who underwent intervention in the culprit vessel
responsible for NSTE-ACS, the therapeutic decision regard-
ing the remaining stenosed vessel can be based on stable
coronary artery disease recommendations [17]. During the
staged procedure remaining arteries should be treated as
in a patient with stable CAD, after myocardial infarction
with presence of one or two vessel coronary artery dis-
ease. Data on death risk in patients suffering from stable
CAD treated with PCI compared to conservative treatment
are inconclusive, but most meta-analyses indicate signifi-
cant reduction of repeat revascularization in the group of
patients treated primarily with the invasive strategy [56-
60]. In one meta-analysis including 7513 patients, the
authors demonstrated dominance of PCI over conserva-
tive treatment in reduction of mortality in 51-month fol-

low-up (7.4% vs. 8.7%; 20% OR reduction) [58]. Further-
more, this effect was even more beneficial among patients
with a history of recent (< 4 weeks) myocardial infarction
(35% OR reduction in group treated with PCI compared to
conservative treatment group). 

However, in NSTE-ACS population data on staged pro-
cedures outcomes are very limited. Despite the fact that
in some analyzed studies the inclusion criteria allowed per-
formed staged PCI, the authors did not try to conduct deep-
er analysis of this subject [45]. One of Brener’s study 
elements was in-hospital efficacy and safety of multives-
sel revascularization conducted in a single procedure 
(n = 33818), compared to a staged procedure during single
hos pitalization (n = 5298) [43]. Staged revascularization
was associated with higher mortality (2.1% vs. 1.2%; p <
0.0001), more frequent presence of myocardial infarction
(3.5% vs. 1.5%; p < 0.0001), cardiogenic shock (1.23% vs.
0.76%; p < 0.0001) and repeat PCI during in-hospital obser-
vation (0.23% vs. 0.12%; p < 0.001), but unplanned cardiac
surgery was conducted less often (0.13 vs. 0.28; p = 0.03).

Prognosis in selected groups of patients
Having regard to presented outcomes, it seems that

due to the large heterogeneity of the NSTE-ACS popula-
tion and diversity in angiographic image, not every patient
may benefit from multivessel revascularization.

Long before introduction of the currently valid defini-
tion of NSTE-ACS, several investigators attempted to eval-
uate MV PCI among patients with unstable angina (UA).
Already in 1986 deFeyer et al. in a retrospective study on
a small group of 154 patients stated that abandonment of
revascularization in non-culprit vessels in MV CAD is asso-
ciated with more frequent recurrence of clinical symptoms
not affecting other treatment outcomes in 6-month fol-
low-up compared to the control croup with single vessel
CAD (29% vs. 16%; p < 0.05) [37]. The study by Grassman
et al. in a population of 386 patients with UA and MV CAD
showed that performing multivessel balloon angioplasty
compared to a procedure limited to the culprit vessel is
associated with worse in-hospital outcomes (OR: 1.72; 
95% CI: 1.11-2.66; p = 0.014) [38]. Dellavalle et al. based on
data from 571 patients with UA observed that both PCI ad
hoc (p = 0.007) and implantation of > 1 stent (p = 0.0008)
during a single procedure are independent predictors of
worse in-hospital outcomes [39]. The group under leader-
ship of Mariani came to similar conclusions, after analyz-
ing 208 patients with UA and MV CAD [40]. Ad hoc PCI and
implantation of multiple stents was associated with
adverse in-hospital treatment outcomes (respectively: OR:
4.51; 95% CI: 1.11-18.3, p = 0.035 and OR: 5.44; 95% CI: 1.21-
24.3, p = 0.027) compared to postponed angioplasty after
coronary angiography and single stent implantation. There
were no significant differences between the groups in per-
centage of deaths, repeat myocardial infarctions and revas-
cularizations during in-hospital and 1-year follow-up.
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Authors of the foregoing studies on patients with UA sug-
gest that the mentioned results testify to the higher per-
centage of complications during multivessel intervention
compared to intervention restricted to the culprit vessel.
Reduction of adverse cardiovascular events after per-
forming a multivessel procedure was lower or similar to
culprit vessel intervention. 

In contrast to the presented studies, Kim et al. decid-
ed to concentrate on an NSTEMI population [47]. They
decided to analyze 1919 patients, among whom 908 under-
went culprit vessel and 1011 multivessel PCI. The study
design allowed staged procedures in the same hospital-
ization. During in-hospital observation mortality in the 
CV PCI group was significantly higher (2.9% vs. 1.4%; 
p = 0.025) without differences in periprocedural complica-
tions, cardiogenic shock or acute kidney injury. After a peri-
od of 1-year follow-up the authors observed that culprit
vessel revascularization was related to more frequent pres-
ence of adverse cardiovascular events (18.6% vs. 12.9%; 
p = 0.002), mainly because of a higher death rate (6.4%
vs. 3.5%; p = 0.009) and repeat myocardial infarction (2.1%
vs. 0.6%; p = 0.012) compared to the MV PCI group. Fur-
thermore, angioplasty restricted to the culprit vessel was
associated with a statistically non-significant trend towards
repeat revascularization of culprit (1.7 vs. 0.6; p = 0.052)
and non-culprit vessels (4.6% vs. 2.8%; p = 0.075).

Before drawing conclusions from the foregoing stud-
ies, it should be considered that those analyses were con-
ducted on a UA population before introduction of cardio-
vascular risk assessment algorithms and related decisions
of the further treatment process. Moreover, considerable
progress in invasive and conservative treatment can under-
mine the results from these analyses. Nevertheless, togeth-
er with Kim’s study on an NSTEMI population, they indi-
cate the necessity of precise risk stratification both before
making a decision of invasive treatment and during the
eventual intervention.

Future research directions
Besides typical limitations of the retrospective charac-

ter of existing studies, several important issues should be
noted. Tests enabling functional assessment of lesions
were not used in any study. Research conducted in patients
with stable coronary artery disease shows that use of FFR
in 32% of cases results in changing the treatment decision
based on coronary angiography [51]. Accurate analysis of
lesions could allow more effective identification of the cul-
prit vessel and influence the decision on any intervention
in the remaining vessels and consequently restrict impli-
cations related to multivessel procedures. Several analy-
ses show that not all patients with NSTE-ACS equally gain
benefits from multivessel revascularization. It is worth tak-
ing steps to select patient groups in which performing mul-
tivessel PCI would come with the most optimal results in
reducing adverse cardiovascular events. Moreover, there is

a need to conduct further studies in the aspect of staged
multivessel PCI, with particular attention to time from pri-
mary culprit vessel PCI to the subsequent procedure in the
remaining vessels.

Cardiac societies’ recommendations
ESC guidelines on revascularization in NSTE-ACS recom-

mend ad hoc PCI directly after coronary angiography only in
the culprit vessel [17]. Intervention in other vessels should
be performed after heart team consultations or according to
the institutional protocol. The decision should be individual-
ized and dependent on the general condition of the patient,
lesion characteristics and degree of myocardial damage [16,
17]. The American Society of Cardiology advises performing
MV PCI “when there is a high likelihood of success and a low
risk of morbidity and the vessel(s) to be dilated subtend
a moderate or large area of viable myocardium and have high
risk by noninvasive testing” [18]. Neither European nor Amer-
ican guidelines include detailed recommendations and algo-
rithms, which is due to lack of sufficient research, especial-
ly prospective multicenter randomized trials.

Conclusions
The presented data suggest that multivessel coronary

intervention, despite a lack of impact on mortality and per-
centage of repeat myocardial infarction, is associated with
a lower repeat revascularization rate compared to CV PCI.
Current studies on the NSTE-ACS population indicate sim-
ilar safety of both strategies. The choice between inter-
vention limited to the culprit vessel and MV PCI rests most-
ly on the operator. According to guidelines this decision
should be made based on the general clinical condition of
patients, possibility of culprit vessel identification, lesion
characteristics and degree of myocardial damage. It is nec-
essary to precisely conduct cardiovascular risk stratifica-
tion, allowing a reduction of complications related to the
prolonged time of the procedure.

Summing up, data from existing papers suggest that
the balance of benefits and risks related to further inter-
ventional procedures should be based on: (1) analysis of
patient’s general condition, (2) cardiovascular risk factors,
(3) possibility of culprit vessel identification, (4) technical
feasibility of performing multivessel procedure, (5) local-
ization and degree of stenosis of hemodynamically signif-
icant stenoses. Furthermore, analyzing exclusion criteria,
it is worth mentioning, which also influences the decision,
(6) prior coronary artery bypass grafting and left main
stenosis. Moreover, patient’s hemodynamic stability, oper-
ator’s experience, heart team consultation and availabili-
ty of cardiac surgery facilities could be arguments influ-
encing the choice of optimal treatment strategy. 

Due to the serious limitations and diversity in method-
ology, it is essential to conduct further studies towards
optimization of the percutaneous coronary intervention
strategy among patients with NSTE-ACS and MV CAD. The
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lack of prospective randomized trials is worth mentioning.
Maybe their future implementation will allow selection of
individual patient groups from the NSTE-ACS population
which will gain the most benefits from revascularization
of every hemodynamically significant lesion.
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