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We present a systematic review and meta-analysis comparing efficacy and safety outcomes
between single procedure multivessel revascularization (MVR) and culprit vessel only
revascularization in patients presenting with non-ST-segment-elevation acute coronary
syndrome (NSTE-ACS). NSTE-ACS is the most common form of acute coronary syn-
drome (ACS), and multivessel disease is common. There is no consensus on the most effica-
cious single procedure revascularization strategy for patients undergoing percutaneous
coronary intervention not meeting coronary artery bypass grafting criteria. Studies in
PubMed and EMBASE databases were systematically reviewed, and 15 studies met crite-
ria for inclusion in the meta-analysis. Baseline characteristics between the groups were
similar. A random effects model was used to calculate odds ratios (OR) with 95% confi-
dence intervals (CI). Heterogeneity of studies was assessed using Cochrane’s Q and Hig-
gins I” tests. For short-term outcomes, patients who underwent MVR had higher rates of
major adverse cardiac events (OR 1.14; 95% CI 1.01 to 1.29; p=0.03); and stroke (OR
1.94; 95% CI 1.01 to 3.72; p = 0.05), but lower rates of urgent or emergent coronary artery
bypass grafting (OR 0.35; 95% CI 0.29 to 0.43; p <0.00001). In the long-term, MVR
patients had less frequent major adverse cardiac events (OR 0.76; 95% CI 0.61-0.93;
p =0.009), all-cause death (OR 0.83; 95% CI 0.71 to 0.97; p = 0.03), and repeat revascular-
ization, (OR 0.62; 95% CI 0.42 to 0.90; p=0.01). MVR following NSTE-ACS was associ-
ated with higher short-term risk, but long-term benefit. In conclusion, these results
support the use of single procedure multivessel revascularization for NSTE-ACS patients

who are suitable candidates at the time of percutaneous coronary intervention.
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Non-ST-segment-elevation acute coronary syndrome
(NSTE-ACS) is the most common form of acute coronary
syndrome (ACS), occurring in approximately 70% of
patients presenting with ACS.' Unstable angina pectoris
(UAP) accounts for 4% of hospitalizations with a primary
diagnosis of ACS.” Up to 40% of patients who present with
NSTE-ACS and undergo coronary_ angiography will have
anglographlc multivessel disease.” Desplte the seeming
consensus in guidelines on an early invasive strategy for
high-risk patients with NSTE-ACS, the ideal strategy for
multivessel revascularization (MVR) versus culprit vessel
revascularization (CVR) through percutaneous coronary
intervention (PCI) in patients with multivessel disease is
unclear.” There is lack of consensus in guidelines on revas-
cularization strategy in patients with NSTE-ACS who are
not candidates for coronary artery bypass grafting
(CABG).”" This meta-analysis incorporates the latest stud-
ies involving patients with NSTE-ACS undergoing single
procedure MVR or CVR.
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Methods

We systematically reviewed relevant studies within the
PubMed and EMBASE databases using searches with the fol-
lowing keywords: “NSTEMI,” “non-ST-segment elevation,”
“non-ST-elevation,” “acute coronary syndrome,” or “unstable
angina” with one or more of the following: “staged,”
“complete,” “culprit,” “multivessel,” “percutaneous coronary
intervention,” “PCI,” and/or “revascularization.” We also
reviewed references of relevant studies to expand our search.

Eligible studies were included based on the following
characteristics: (1) Compared culprit versus multivessel
revascularization using PCI; (2) included patients with
NSTE-ACS and/or UAP within the study population; (3)
directly compared outcomes of culprit versus multivessel
revascularization at the time of index revascularization.
Studies were excluded if there was no distinction made
between STE-ACS and NSTE-ACS/UAP patients; or if
there was a “staged” procedure where revascularization of
multiple vessels was performed at different times in sepa-
rate procedures. We identified 15 appropriate studies meet-
ing this criteria using the search strategy outlined above
that are included in the present meta-analysis (Figure 1).

Two reviewers (VS and HN) independently reviewed
the literature, extracted, and entered data. Two reviewers
(SB and XJ) resolved any discrepancies. Data extracted
included authors; type of study; publication year; number
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Figure 1. PRISMA diagram.

of patients studied; baseline demographic data (Table 1).
Other data extracted include characteristics of the catheteri-
zation: timing of catheterization; access site (radial or fem-
oral artery); number of diseased vessels and vessels treated;
culprit vessel; mechanical support used; type of stent; use
of intravascular ultrasound; contrast used; and procedural
success rates. The following outcome data were extracted:
major adverse cardiovascular events (MACE); nonfatal
myocardial infarctions (MI); nonfatal cerebrovascular acci-
dents (CVA); all-cause death and revascularization by
either PCI or CABG. Outcome measures were further cate-
gorized as short-term (including in-hospital and 30 day data
as reported) as well as long-term outcomes (from 6 to 51.4
months). In sub-analyses, the long-term outcomes data
were further split into 2 groups: outcomes from 6 months to
1 year, and outcomes for >2 years. For outcomes on
MACE, we used the studies’ defined endpoint

(Supplemental Table 2). These were mostly consistent
across studies and included a combination of the following
clinical end points: all-cause death, cardiovascular death,
myocardial infarction, revascularization, CVA, heart fail-
ure, or rehospitalization for angina. The quality of the stud-
ies included was assessed using the Newecastle-Ottawa
Scale, with all studies receiving a score of 6 or above
(Table 2).

Continuous variables are reported as mean with standard
deviation and categorical variables are expressed as inci-
dence rate (n/N). Using the Mantel-Haenzel random effects
model, we compared outcomes data between multivessel
and culprit vessel PCI groups, computing odds ratios with
95% confidence intervals. We tested for overall effect, with
p <0.05 considered statistically significant. Hetero§eneity
was assessed using the Cochrane’s Q and Higgins’ I” statis-
tic, with an I* >50% considered significant heterogeneity.
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Table 1

Baseline characteristics
First Author (Year)

Previous PCI

HTN DM Previous MI

Multi

Smoker
Multi

Male

Age (years)

N
Multi

Total (N)

Cohort

Multi  Culprit

Culprit
46.8%
42.9%
26.3%
46.9%
29.3%
26.9%

Multi

36.7%
43.9%
28.2%
46.3%
25.2%
11.9%

Culprit
14.6%
27.2%
21.1%
30.7%
31.9%
22.2%
34.9%
40.6%

30%

Culprit Multi

Culprit

Culprit
82.9%
67.0%
66.7%
64.5%
64.7%
83.2%
69.2%
62.6%
73.4%
30.3%
72.3%
54.7%
78.3%
76.3%
75.8%

Culprit Multi

63

Multi
63.7
62
62
66
65

Culprit
76.3%
77.2%
44.5%
61.4%
68.1%
66.5%
47.3%
51.5%
61.8%
38.3%
78.7%
74.4%
57.6%
64.9%
46.3%

26.5%
30.3%
21.1%
32.6%
31.5%
20.1%
33.7%
33.5%
28.6%
20.1%

35%

73.5%
71.2%
69.0%
63.7%
64.4%
82.4%
65.2%
71.5%
69.3%
30.9%
70.6%
53.6%
73.2%
78.9%
72.6%

9

23.7%
22.7%
55.5%
38.6%
31.9%
33.5%
52.7%
48.9%
38.2%
61.7%
21.3%
25.6%
42.4%
35.1%
53.7%

207

Retrospective 290

Prospective
Prospective

Mariani 2001
Brener 2002
Palmer 2004

70.1%
38.6%

63.6%
33.8%

25.9%
68.4%
26.3%
27.3%
31.1%
54.4%
18.7%

31.8%
71.8%
19%

25.2%
30.4%
51%

25.1%

62

19.3%

16.9%

63

128

65

Retrospective 1240

Shishehbor 2007
Brener 2008
Zapata 2009
Kim 2011

Lee 2011

32.2%
17%

28.7%
11.3%

74%

73.3%
65.7%
56.4%
58.1%
70.4%
43.5%
69.3%

66
6

Retrospective 105866
Retrospective 609

Prospective

64.7%
59.7%
62.6%
75.6%

42%

2.3

60.8

65.5
65

6

6

65.2

1919
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15.5%
23.1%
32.5%
51.3%

26%

7.8%

8%

8.9%

3
7.1
4.1

64.5

Retrospective 366

Prospective

20.2%
15.1%
46.3%

25%

34.1%
52%

33.8%
45.2%

34%

65.4

1920

Bauer 2013

18.5%
32.3%
32.8%
39.6%
33.6%
31.3%

25.3%
30.7%

22.9%
30.5%

64.6
62

Retrospective 990

Onuma 2013

37.1%
23.8%
23.7%
19.1%
43.6%

71.8%

62

Retrospective 2864

Hassanin 2015
Wang 2016

22.5%
19.8%
11.3%
58.7%

34.1%
35.7%
36.6%
37.3%

75

75

Retrospective 31361

69.9%
69.5%
58.5%

71.6%
74.6%

57%

68.1
66

68.7

Retrospective 1459

Quadri 2017

13%
17.7%

11.3%
25.2%

25.2%
52.9%

19.7%
51.5%

64.1

Retrospective 202

Correia 2018
Rathod 2018

67.63

68.83

21857

Prospective

Table 2

Quality of each nonrandomized study rated using the Newcastle-Ottawa
Scale

Study Selection Comparability Outcome
Mariani 2001 ok k wok ok
Brener 2002 ok wE wok
Palmer 2004 okk ok ok
Shishehbor 2007 ok wE oAk
Brener 2008 HkE wE *

Zapata 2009 ok wE Ak

Lee 20 1 1 skok ok sk

Bauer 2013 HEE wE *
Onuma 2013 ok wE ok
Hassanin 2015 okk ok bkl
Wang 2016 skok ok seskok
Quardri 2017 ok *E *pok
Correia 2018 ok wE wok
Rathod 2018 ok w* *apok

Small study effect was appraised by graphical inspection of
funnel plots (Figures 2 and 3). Meta-analysis was per-
formed using Review Manager 5.3 software (Cochrane Col-
laboration) (Figure 4).

Results

The systematic review search yielded 689 potential peer-
reviewed published articles of which 15 studies were used
for the meta-analysis (Figure 1). A total of 171,279 patients
were included with 58,275 who underwent MVR and
113,004 who underwent CVR. Baseline characteristics of
the included studies are shown in Table 1. Age, gender, and
clinical risk factors were similar between MVR and CVR
groups. Of the studies included, 2 were post-hoc analyses
of randomized controlled trials®® that included 3,154
patients, and 13 were retrospective analyses of observa-
tional cohort studies that included 168,125 patients.%l()

With respect to short-term outcomes (in-hospital to 30
days) (Figure 5), MVR was significantly associated with
higher rates of the composite end point of MACE and com-
pared with CVR. Patients with MVR were significantly less
likely to undergo CABG in the short term. There was no
significant difference in short-term all-cause death, MI or in
repeat PCI between the different revascularization strate-
gies. The difference in MACE could possibly be due to
excess of CVA in the MVR group, however, because the
studies defined MACE differently, with some studies
including CVA within MACE, it is difficult to definitively
attribute the difference in MACE to excess CVA.

At long-term follow-up (defined as >6 months postindex
procedure) (Figure 3), the MVR group was less likely to
experience a MACE event, all-cause death or undergo
repeat revascularization (PCI and/or CABG). Rates of MI
did not differ between the 2 groups. When the long-term
data were divided into subgroups of 6 months to 1 year and
>2 years; the only significant difference was in all-cause
death from 6 months to 1 year; which favored MVR.

Publication bias was evaluated using visual inspection of
funnel plots (Supplemental Figure 1). Overall, funnel plots
appeared symmetrical though the presence of publication
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Figure 2. Short-term funnel plots.

bias cannot be ruled out due to the limited number of
included studies.

Discussion

Our meta-analysis examined the effect of revasculariza-
tion strategy: multivessel versus culprit-vessel only, at
index PCI for NSTE-ACS or UAP on short-term and long-
term clinical outcomes of MACE, MI, repeat PCI, CABG,
CVA, and all-cause death. Overall, we found that

multivessel revascularization showed greater efficacy in the
long term at the expense of higher short-term risks. Our
results are similar to those of previous meta-analyses on
this topic, which both showed decreased rates of MACE
and repeat revascularization in the MVR groups.””" Our
results add to the body of literature by incorporating the lat-
est studies on the topic.

The finding of an increase in short-term risk is not unex-
pected, as there are factors complicating complete revascu-
larization strategies including increased volumes of
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Figure 3. Long-term funnel plots.

intravenous contrast use predisposing to contrast-induced
nephropathy,'*'%** periprocedural MI,>* and procedural
complications.”

Our findings of the long-term benefits of multivessel
revascularization are similar to those observed in STE-
ACS. The evidence for complete revascularization in
patients with STE-ACS undergoing primary PCI without
cardiogenic shock is mounting with the results of 2 recent
meta-analyses.””” Our results on NSTE-ACS and UAP
patients undergoing MVR are consistent with this literature.
The 2014 American College of Cardiology/American Heart
Association guidelines give a Class IIB recommendation,
stating it “may be reasonable” to perform multivessel PCI
patients undergoing PCI in NSTE-ACS,’ whereas the Euro-
pean guidelines recommend tailoring the revascularization
strategy based on individual patient characteristics and pref-
erences.” Importantly, multivessel PCI may decrease the
patient-centered outcomes of residual angina, need for
repeat PCI, and antianginal medical therapy.'*'”

Careful patient selection is particularly emphasized in
the European guidelines, so as to capitalize on the benefits
of revascularization and minimize risks. Strategies like
heart teams and the SYNTAX (Synergy Between PCI with

Taxus and Cardiac Surgery) score have become popular as
ways to risk-stratify and optimize revascularization strate-
gies when comparing PCI to CABG. The “residual SYN-
TAX” score (rSS) was developed to prognosticate patients
after incomplete revascularization based on the degree and
complexity of residual stenosis after PCI in ACS patients.”’

Vessel selection, as well as patient selection, is impera-
tive for maximizing benefits of PCI. In contrast to STE-
ACS, the culprit lesion cannot be identified in up to 51% of
patients with NSTE-ACS.?® A novel approach to identify-
ing culprit vessels has been using delayed-enhancement
cardiac magnetic resonance (DE-CMR) before catheteriza-
tion in NSTE-ACS patients. In a recent study, the use of
DE-CMR led to the reclassification of the culprit artery in
31% of patients.”® There is little data or scoring systems
available to appropriately identify patients with NSTE-
ACS or UAP that would benefit from multivessel revascu-
larization,”” but it is possible that using a periprocedural
rSS-based strategy or a novel strategy like DE-CMR could
help determine suitability of multivessel revascularization
and maximize benefits of PCI.

There are several limitations to be addressed. First, there
were no randomized controlled trials, and there is risk of
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MACE
MVR CVR Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Brener 2002 5 66 21 224 1.4% 0.79[0.29,2.19)
Hassanin 2015 a4 609 227 2255 201% 1.43[1.09,1.87) s
Mariani 2001 5 49 12 158 1.2% 1.38[0.46, 4.14)
Rathod 2018 481 11737 385 10120 75.8% 1.08 [0.94,1.24) B
Zapata 2009 6 204 12 405 1.5% 0.99[0.37, 2.68)
Total (95% CI) 12665 13162 100.0% 1.14[1.01, 1.29] <&
Total events 581 657
Heterageneity: Tau®= 0.00; Chi*= 4.01, df= 4 (P = 0.40); F= 0% f t t t t {
Testfor overall effect Z= 2.13 (P = 0.03) L, N
MI
MVR CVR Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bauer 2013 41 734 25 1186 148% 2.75[1.66, 4.56) —
Brener 2002 2 66 11 224 3.9% 0.61[0.13, 2.80]
Brener 2008 507 33818 793 72048 21.9% 1.37[1.22,1.53) -
Correia 2018 5 71 6 131 5.6% 1.58 [0.46, 5.37)
Hassanin 2015 61 609 165 2255 18.8% 1.41[1.04,1.92) [
Mariani 2001 9 49 4 158 55% 8.66 [2.54, 29.58] E——
Palmer 2004 1 71 1 a7 1.3% 0.80[0.05,13.08] ¢ >
Quardri 2017 10 619 23 840 10.5% 0.58[0.28,1.23) S —
Rathod 2018 59 11737 61 10120 17.8% 0.83[0.58,1.19] T
Total (95% CI) 47774 87019 100.0% 1.37[0.98, 1.91] ~efi
Total events 695 1089
Heterageneity: Tau®=0.13; Chi*=28.51, df=8 (P = 0.0003); F=73% 50 ] 052 0:5 é é 10:
Test for overall effect: Z=1.86 (P = 0.06) ' ' Favoufs MVR Favours CVR
CVA
MVR CVR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Bauer 2013 3 734 4 1186 18.8% 1.21[0.27,5.43) -
Correia 2018 2 71 0 131 45% 9.46 [0.45,199.81] \:
Rathod 2018 23 11737 10 10120 76.6% 1.99[0.94, 4.17] ——
Total (95% CI) 12542 11437 100.0% 1.94[1.01,3.72] e
Total events 28 14
Heterogeneity: Tau®= 0.00; Chi*=1.42, df= 2 (P = 0.49); F= 0% 50 1 012 015 5 é 10’
Test for averall effect: Z=2.00 (P = 0.05) ’ ’ Favoufs MVR Favours CVR
All-cause death
MVR CVR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bauer 2013 8 734 25 1186 7.4% 0.51[0.23,1.14] ~
Brener 2002 1 66 3 224 1.2% 1.13[0.12,11.08] g
Brener 2008 406 33818 937 72048 254% 0.92[0.82,1.04) -
Correia 2018 0 71 2 131 0.7% 0.36[0.02,7.65) ¢
Hassanin 2015 5 609 26 2255 56% 0.71[0.27,1.86) — 1
Kim 2011 14 1011 26 908 9.7% 0.48[0.25,0.92) - E—
Mariani 2001 0 49 2 158 0.7% 0.63[0.03,13.39) ¢ +
Palmer 2004 0 Al 0 a7 Mot estimable
Rathod 2018 270 11737 152 10120 23.0% 1.54 [1.26,1.89] —
VWang 2016 289 8017 957 23344 250% 0.87 [0.77,1.00] -
Zapata 2009 3 204 1 405 1.2% 6.03[0.62,58.34] >
Total (95% CI) 56387 110836 100.0% 0.92[0.71, 1.19] <
Total events 9486 2131
Heterogeneity: Tau®= 0.06; Chi*= 33.98, df= 9 (P < 0.0001); IF= 74% :El y 0?2 0?5 é 10:

Test for overall effect Z=062 (P=0.53)

Figure 4. Short-term outcomes.

Favours MVR Favours CVR
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Repeat PCI
MVR CVR Odds Ratio Odds Ratio
Study or Subgroup Events Total Bvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Erener 2008 41 33818 137 72048 336% 0.64 [0.45, 0.90] —
Hassanin 20145 13 603 21 2285 23T7% 2.32[1.16, 4.66] I —
Mariani 2001 1 19 g 158 5.3% 0.64[0.07, 559 ¢
FPalmer 2004 1 71 I a7 2.6% 245[010,81.21] 4 g
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Total (95% CI) 46284 84638 100.0% 0.88 [0.51, 1.50] B
Total events 126 264
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CABG
MVR CVR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Erener 2008 95 33818 A69 2048 B88.E% 0.35[0.28, 0.44]
Hassanin 2014 1 609 9 2255 1.0% 0.41[0.05,3.25] 4
Mariani 2001 1] 49 2 158 0.5% 0.63[0.03,13.39] ¢ g
FPalmer 2004 1] 71 1 a7 0.4% 0.26[0.01,6.59) ¢
Rathod 2018 12 11737 30 10120 9.4% 0.34[0.18, 0.67] B —
Total (95% CI) 46284 84638 100.0% 0.35[0.29, 0.43] &
Total events 108 611
Heterageneity: Tau®= 0.00; Chi*= 0.20, df= 4 (P = 1.00); F= 0% =D p |J=2 D’S é % 1El:
Testfor overall effect: Z=9.93 (P = 0.00001) ’ ' Fa\n:.ufs MVR  Favours CVR
Overall
Odds Ratio
MACE 1.14 [1.01, 1.29]
MiI 1.37 [0.98, 1.91]
All-Cause Death 0.92 [0.71, 1.19]
Repeat PCI 0.88 [0.51, 1.50]
CABG PY 0.35 [0.29, 0.43]
CVA . 1.94 [1.01, 3.72]
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I | § L J 1 ] 1
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Favours MVR Favours CVR

Figure 4. Continued
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Test for overall effect: Z=1.75 (P = 0.08)
Test for subaroup differences: Chi*=0.42,df=1{P=052), F=0%

Figure 5. Long-term outcomes.

Favours MVR Favours CVR

MACE
MVR CVR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 6 month to 1 year
Brener 2002 14 66 52 224 6.2% 0.89[0.46,1.73] - =
Hassanin 2015 143 609 470 2255 14.5% 1.17[0.94,1.44] ™
Kim 2011 107 1011 134 908 13.3% 0.68 [0.52, 0.90] —
Mariani 2001 ] 44 17 147 3.2% 0.98 [0.34, 2.83]
Quardri 2017 50 619 117 840 11.6% 0.54 [0.38,0.77] e
Zapata 2009 19 201 66 404 8.0% 0.53[0.31,0.92] s
Subtotal (95% Cl) 2550 4778 56.8% 0.75[0.54, 1.05] i
Total events 338 856
Heterogeneity: Tau*=0.11; Chi*= 20.08, df=5 (P = 0.001); F=75%
Testfor overall effect Z=1.66 (P=0.10)
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selection bias and significant confounding with registry data
sets and retrospective studies. Further, there is no standardiza-
tion for the selection of culprit vessels in patients with NSTE-
ACS, which could lead to PCI of an erroneous nonculprit ves-
sel or to indiscriminate multivessel revascularization if a cul-
prit vessel was not easily identified.'” Operator preference
could lead to culprit-vessel only revascularization in cases of
hemodynamic instability or complicated procedures. There
was significant heterogeneity noted in the meta-analyses of
several of the outcome measures including short-term MI,
short-term death, short-term repeat PCI, as well as the follow-
ing long-term outcome measures: MACE, MI, repeat revascu-
larization (Figures 2 and 3).

In conclusion, the results of this meta-analysis show that
multivessel PCI in patients presenting with NSTE-ACS
leads to better long-term outcomes, including MACE, all-
cause death, and repeat revascularization, at the expense of
an increase in short-term risk due to higher rates of MACE
and CVA, and no difference in short-term mortality. There
is a high prevalence of multivessel disease in patients who
present with NSTE-ACS, and with burgeoning technologies
and risk stratification tools, randomized controlled trials
are needed.
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