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ABSTRACT
OBJECTIVES The authors sought to explore the comparative clinical efﬁcacy of different imaging modalities for guiding
percutaneous coronary interventions (PCI).
BACKGROUND Coronary angiography (CA) is the standard imaging modality for intraprocedural guidance of PCI.
Intracoronary imaging techniques, including intravascular ultrasound (IVUS) and optical coherence tomography (OCT),
can overcome some limitations of CA.
METHODS Comprehensive hierarchical Bayesian network meta-analysis of randomized clinical trials and adjusted
observational studies comparing clinical outcomes of PCI with stent implantation guided by CA, IVUS, or OCT.
RESULTS A total of 31 studies encompassing 17,882 patients were included. Compared with CA guidance, the risks of
all-cause death (odds ratio [OR]: 0.74; 95% credible interval [CrI]: 0.58 to 0.98), myocardial infarction (OR: 0.72; 95% CrI:
0.52 to 0.93), target lesion revascularization (OR: 0.74, 95% CrI: 0.58 to 0.90) and stent thrombosis (OR: 0.42; 95% CrI:
0.20 to 0.72) were signiﬁcantly reduced by IVUS guidance. PCI guidance using either IVUS or OCT was associated with a
signiﬁcant reduction of major adverse cardiovascular events (OR: 0.79; 95% CrI: 0.67 to 0.91 and OR: 0.68; 95% CrI: 0.49 to
0.97, respectively) and cardiovascular death (OR: 0.47; 95% CrI: 0.32 to 0.66 and OR: 0.31; 95% CrI: 0.13 to 0.66, respectively). No differences in terms of comparative clinical efﬁcacy were found between IVUS and OCT for all the investigated
outcomes. Pooled estimates were consistent across several sensitivity analyses. However, the treatment effect of IVUS on
all-cause death was neutralized in the analysis restricted to randomized clinical trials (OR: 1.03; 95% CrI: 0.41 to 2.14).
CONCLUSIONS Compared with CA, the use of intravascular imaging techniques for PCI guidance reduces the risk of
cardiovascular death and adverse events. (J Am Coll Cardiol Intv 2017;10:2488–98) © 2017 by the American College of
Cardiology Foundation.
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F I G U R E 1 Flow Diagram of the Literature Search
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did not adopt invasive intravascular imaging for
complex anatomic settings (i.e., bifurcations and
chronic total occlusions [CTOs]). Finally, we assessed
the consistency of the results by restricting the
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Studies included in final meta-analysis
(n=31)

effect was considered signiﬁcant when the upper or
lower CrI did not include the unity. Models were

(DES) during PCI. The impact of second-generation
DES use on the pooled estimates was also explored.

RESULTS
A ﬂowchart summarizing the literature search ﬂow is

computed with Markov chain Monte Carlo simula-

shown in Figure 1. After screening, 31 studies

tions, using 4 chains with overdispersed values and
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IVUS (n ¼ 3) was lower than the number of comparisons between CA and IVUS (n ¼ 24).

The 3 investigated imaging strategies were ranked
according to their comparative effectiveness. Incon-

F I G U R E 2 Imaging Strategies Included in the Network

sistency was evaluated by contrasting direct and
indirect evidence of the network (“node split”).
Heterogeneity was assessed by means of the I-square
statistic (with an I-square value >50% being considered the result of severe heterogeneity). A randomeffect meta-regression was performed to assess
the impact of the varying length of follow-up on effect
size measures across the included studies. All analyses
were conducted with the R statistical software version
3.3.2 (R Foundation for Statistical Computing, Vienna,
Austria) equipped with the “gemtc” package.
SENSITIVITY ANALYSES. Several sensitivity analyses

were conducted to assess the consistency of the main
results across studies with different design or base-
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considered in each treatment node. IVUS ¼ intravascular

statistical adjustment (i.e., due to unmeasured
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confounders), we down-weighted the information

OFDI ¼ optical frequency domain imaging.

provided by these studies by applying a variance
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The main characteristics of the studies included in
the meta-analysis are shown in Tables 1 and 2. A total
of 17 RCTs and 14 adjusted observational studies were
included. Bare-metal stents were used in 10 older
studies, whereas most of the contemporary studies
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T A B L E 1 Characteristics of Studies Included in the Meta-Analysis

Study/First Author
(Ref. #)

Year of
Publication

Number of
Patients

Study Design

Type of
Stent

Follow-Up
Duration
(Months)

Angiography vs. IVUS

used DES. Three studies included only patients un-

RESIST (8)

1998

76/79

Randomized

BMS

dergoing PCI of a CTO, whereas 2 studies enrolled

CRUISE (9)

2000

229/270

Randomized

BMS

9

patients undergoing PCI at bifurcation sites. In 4

OPTICUS (10)

2001

275/273

Randomized

BMS

12

studies, intravascular imaging was used to guide PCI

Gaster et al. (11)

2003

54/54

Randomized

BMS

30

TULIP (12)

2003

76/74

Randomized

BMS

6–12

of the left main. The total number of studies for each

6

DIPOL (13)

2007

80/83

Randomized

BMS

6

AVID (14)

2009

406/394

Randomized

BMS

12

Table S1. The length of follow-up between included

HOME DES IVUS (15)

2010

105/105

Randomized

DES

18

studies varied from a minimum of 1 month to a

Kim et al. (16)

2013

274/269

Randomized

DES

12

maximum of 36 months. Deﬁnitions of intravascular

AVIO (17)

2013

142/142

Randomized

DES

24

imaging guidance and MACE across included studies

CTO-IVUS (18)

2015

201/201

Randomized

DES

12

are provided in the Online Table S2.

AIR-CTO (19)

2015

115/115

Randomized

DES

24

speciﬁc outcome measure is reported in the Online

All models had adequate convergence. The results
of the analysis regarding all-cause death are pre-

IVUS-XPL (20)

2015

700/700

Randomized

DES

12

Tan et al. (21)

2015

62/61

Randomized

DES

24

Roy et al. (22)

2008

884/884

Observational,
PSM

DES

12

MAIN-COMPARE (23)

2009

201/201

Observational,
PSM

BMS/DES

36

MATRIX (24)

2011

548/548

Observational,
PSM

DES

24

Kim et al. (25)

2011

487/487

Observational,
PSM

DES

36

Chen et al. (26)

2012

123/123

Observational,
PSM

DES

12

Wakabayashi et al. (27)

2012

637/637

Observational,
PSM

BMS/DES

12

EXCELLENT (28)

2013

463/463

Observational,
PSM

DES

12

De la Torre Hernandez
et al. (29)

2014

505/505

Observational,
PSM

DES

36

Gao et al. (30)

2014

291/291

Observational,
PSM

DES

12

Hong et al. (31)

2014

201/201

Observational,
PSM

DES

24

sented in Figure 3. Compared with CA, all-cause death
was signiﬁcantly reduced with IVUS use (OR: 0.74;
95% CrI: 0.58 to 0.98), whereas it trended toward a
reduction with OCT (OR: 0.59; 95% CrI: 0.29 to 1.20).
In rank probability analysis, CA was ranked as the
worst strategy for PCI guidance.
Results for secondary clinical endpoints are shown
in Table 3. PCI guidance using either IVUS or OCT was
associated with a signiﬁcant reduction in the odds of
MACE (OR: 0.79; 95% CrI: 0.67 to 0.91 and OR: 0.68;
95% CrI: 0.49 to 0.97 for IVUS and OCT, respectively)
and cardiovascular death (OR: 0.47; 95% CrI: 0.32 to
0.66 and OR: 0.31; 95% CrI: 0.13 to 0.66, respectively).
The odds ratios for MI (OR: 0.72; 95% CrI: 0.52 to
0.93), TLR (OR: 0.74; 95% CrI: 0.58 to 0.90) and ST
(OR: 0.42; 95% CrI: 0.20 to 0.72) were signiﬁcantly

Angiography vs. OCT

reduced by IVUS compared with CA, whereas no sig-

DOCTORS (32)

2016

120/120

Randomized

BMS or DES

6

niﬁcant differences emerged between OCT and CA,

CLI-OPCI (33)

2012

335/335

Observational,
Matched

BMS/DES

12

Sheth et al. (34)

2016

428/214

Observational,
PSM

BMS/DES

12

Iannaccone et al. (35)

2016

270/270

Observational,
PSM

NA

23

Kim et al. (36)

2016

114/114

Observational,
PSM

DES

12

OPINION (37)

2016

405/412

Randomized

DES

12

2016

146/146/158 Randomized

DES

1

and between IVUS and OCT. Rank probability analyses for secondary outcomes are presented in
Figure 4. CA was consistently rated as the worst
strategy for all the investigated outcomes.
No signiﬁcant relationship between varying length

IVUS vs. OCT

of follow-up and the effect size measures was identiﬁed in meta-regression analyses for all outcomes of
interest (Online Table S3). The results of the network
node-split analysis are shown in Figure 5. There was no
evidence of inconsistency in the network for all the
outcomes of interest (all Bayesian p values > 0.05).

Angiography vs. IVUS vs. OCT
ILUMIEN III (4)

BMS ¼ bare-metal stent(s); DES ¼ drug-eluting stent(s); IVUS ¼ intravascular ultrasound; NA ¼ not available;
OCT ¼ optical coherence tomography; PSM ¼ propensity score matched.

Heterogeneity across included studies is presented in
Online Table S4. There was no evidence of signiﬁcant
heterogeneity for all the investigated outcomes.

studies, and analyses restricted to studies with >100

SENSITIVITY ANALYSES. Sensitivity analyses, including

shown in Online Tables S5 to S9. The results of these

weighted analyses that account for different study

sensitivity analyses were largely consistent with

design, separate analyses for RCTs and observational

those of the main analysis.

patients and noncomplex anatomic settings, are
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T A B L E 2 Clinical Characteristics of Patients Across Studies Included in the Meta-Analysis

Study/First Author (Ref. #)

Age (yrs)

DM (%)

ACS (%)

HTN (%)

Men (%)

LVEF (%)

LM (%)

LAD (%)

LCX (%)

RCA (%)

Angiography vs. IVUS
RESIST (8)

56/57

11/11

0/0

34/30

93/86

53/51

NA

47/48

11/11

42/41

CRUISE (9)

61/60

18/23

NA

59/52

72/69

54/55

0/0

46/43

18/24

36/33

61.5/60.1

17/17

32/36

52/48

78/77

57.7/56.5

0/0

50/51

14/18

35/30

57/57

11/4

0/0

24/20

100/100

69/65

NA

46/48

26/24

28/28

TULIP (12)

63/61

21/16

0/0

30/27

72/71

NA

0/0

38/39

21/10

41/51

DIPOL (13)

54/56

11/10

0/0

NA

73/71

48/52

0/0

46.3/41.0

23.8/26.5

30.0/32.5

OPTICUS (10)
Gaster et al. (11)

63/62

17/15

NA

45/46

68/73

55/53

0.5/0.8

37/40

18/15

32/35

HOME DES IVUS (15)

AVID (14)

60.2/59.4

45/42

60/72

71/67

71/73

NA

4/3

54/56

15/11

24/29

Kim et al. (16)

64.3/62.8

29.9/31.6

48.5/46.8

65.8/61.3

54.7/65.8

54.0/55.3

0/0

57.5/50.0

18.4/20.7

24.1/29.3

AVIO (17)

63.6/63.9

26.8/23.9

26.1/26.9

66.9/70.4

76.8/82.4

55.9/55.3

NA

48.6/53.3

NA

NA

CTO-IVUS (18)

61.4/61.0

33.8/34.8

0/0

63.7/62.7

80.6/80.6

56.7/56.9

0/0

46.8/41.8

15.9/14.4

37.3/43.8

AIR-CTO (19)

66/67

27.0/29.6

24.4/28.7

70.4/74.8

80.0/88.7

56/55

2.6/0

36.5/44.3

14.8/20.9

46.1/34.8

IVUS-XPL (20)

64/64

37/36

49/49

63/65

69/69

62.4/62.9

NA

60/65

15/14

25/21

Tan et al. (21)

75.9/76.5

29.5/34.4

66.1/70.5

46.8/41.0

69.4/62.3

53.3/55.3

100/100

NA

NA

NA

Roy et al. (22)

65.6/66.0

34.4/35.9

60.9/62.1

81.6/81.8

70.0/69.3

48/47

2.3/2

33.0/32.9

23.2/24.7

34.3/34.4

MAIN-COMPARE (23)

64.3/65.3

31.3/34.8

61.7/60.7

51.7/57.7

72.6/69.2

61.4/61.5

100/100

NA

NA

64.3/37.8

MATRIX (24)

64.4/64.8

31.0/31.6

36.0/33.4

80.7/81.5

73.9/73.7

NA

3.3/3.3

50.9/51.1

38.3/37.8

28.3/28.5

Kim et al. (25)

61.8/62.0

33.3/31.8

56.5/53.2

58.3/60.0

66.9/66.5

58.8/60.1

3.9/3.5

82.5/83.0

12.9/12.9

4.5/4.1

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

67.0/66.7

39.9/41.9

56.4/57.6

89.8/91.5

68.9/67.8

NA

3.8/4.3

24.9/25.7

23.2/23

31.7/32.5
27/26.8

Chen et al. (26)
Wakabayashi et al. (27)
EXCELLENT (28)

62.8/62.5

37.8/37.4

51.6/50.5

74.5/72.8

63.3/65.7

NA

0/0

23.5/53.6

23.5/19.7

De la Torre Hernandez et al. (29)

66.9/66.1

34.6/36.2

61/59

64.3/67.7

78.7/80

55.3/54.9

100/100

NA

NA

NA

Gao et al. (30)

NA

NA

9.6/8.9 (STEMI)

NA

NA

56.9/57.3

100/100

13.4/9.6

7.9/6.5

10.3/7.2

Hong et al. (31)

62/62

31/30

42/39

60/58

77/77

NA

1/1

34/44

25/16

NA
26.7/31.6

Angiography vs. OCT
DOCTORS (32)

60.2/60.8

15.8/21.7

100/100

41.7/55.8

75.8/79.2

NA

0/0

50.0/46.7

23.3/21.7

CLI-OPCI (33)

67.0/64.8

29.0/24.2

62.1/59.1

73.8/75.5

75.5/78.2

52.8/53.8

2.4/6.6

53.4/60.9

NA

NA

Sheth et al. (34)

61.2/60.9

18.5/17.8

100/100

NA

82.7/78

NA

0/0

45.8/44.8

7.7/8.9

48.6/49.5

61/60

18/17

100/100

59/56

79/79

NA

4.6/4.2

55/59

27/26

31/35

Iannaccone et al. (35)
IVUS vs. OCT
Kim et al. (36)

61.7/61.5

18.4/8.4

66.7/68.4

44.7/43.9

78.1/73.7

56.2/57.0

0/0

61.4/71.1

11.4/6.1

27.2/22.8

OPINION (37)

68/69

40.7/41.0

13.1/11.7

73.8/76.5

79.5/76.5

NA

0/0

48.6/54.1

21.5/20.4

28.9/24.8

67/66/66

29/38/33

34/36/36

75/77/77

73/73/69

NA

0/0/0

57/47/51

21/29/27

22/25/22

Angiography vs. IVUS vs. OCT
ILUMIEN III (4)

Values refer to corresponding treatment arms from original studies.
ACS ¼ acute coronary syndrome(s); DM ¼ diabetes mellitus; HTN ¼ hypertension; LAD ¼ left anterior descending coronary artery; LCX ¼ left circumﬂex coronary artery; LM ¼ left main coronary artery;
LVEF ¼ left ventricular ejection fraction; NA ¼ not available; RCA ¼ right coronary artery; other abbreviations as in Table 1.

The results of separate analyses for RCTs and
observational studies across all the investigated out-

Online Tables S12 and S13. The pooled estimates were
largely consistent with the main analysis.

comes are presented in Online Tables S10 and S11 and
graphically displayed in Figure 6. Pooled estimates

DISCUSSION

were substantially consistent between RCTs and
observational studies. However, the treatment effect

Over decades, the number of PCI procedures has

of IVUS versus CA on all-cause death was neutralized

increased signiﬁcantly (38). Stent implantation has

when the analysis was restricted to randomized

become part of standard PCI procedures as a strategy

clinical trials (OR: 1.03; 95% CrI: 0.41 to 2.14). Simi-

to prevent acute vessel recoil and counteract the

larly, observational studies were responsible for most

potential

of the treatment effect on all-cause death in the

barotrauma

comparison between OCT and CA. Cardiovascular

dissection, increased thrombogenicity). Iteration of

death was consistently reduced in analyses of IVUS

stent device technology has extended the use of

versus CA in both RCTs and observational studies.

PCI in more complex anatomic settings such as

Sensitivity analyses assessing the impact of intravascular imaging guidance with DES are shown in

negative
after

consequences
balloon

dilation

of

endothelial

(i.e.,

intimal

bifurcations, left main, and CTO interventions (39). In
both

simple

and

complex

anatomic

scenarios,
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F I G U R E 3 Network Summary Statistics for All-Cause Death

All-cause Death
Odds Ratio

A

B

Compared with Angiography

IVUS

B
C

OCT/OFDI
IVUS
Angiography

100
0.75 (0.58, 0.98)
0.59 (0.29, 1.2)

OCT/OFDI

75

0.250000000029973
1 3.99999999952044
0.25
1.0
4.0

Compare with IVUS

50

p
A
C

1.3 (1.0, 1.7)
0.79 (0.38, 1.7)

Angiography
OCT/OFDI

0.25
1.0
4.0
0.250000000029973
1 3.99999999952044

25

Compared with OCT/OFDI

A
B

Angiography
IVUS

0

1.7 (0.82, 3.4)
1.3 (0.58, 2.7)

1st

2nd

3rd

Ranks

0.25
1.0
4.0
0.250000000029973
1 3.99999999952044

A shows forest plots for the comparisons among treatments included in the network. B shows the results of rank probability analysis. Abbreviations as in Figure 2.

optimization of stent implantation using invasive
imaging has been advocated as a strategy to reduce
the rate of adverse events following PCI (40).
Our updated Bayesian network meta-analysis,

T A B L E 3 Main Analysis for Secondary Endpoints

encompassing a total of 17,882 patients and recent
results of the ILUMIEN III (Observational Study of
Optical Coherence Tomography in Patients Undergoing Fractional Flow Reserve and Percutaneous Coronary Intervention Stage III) and OPINION (OPtical

Angiography

IVUS

OCT/OFDI

MACE
—

0.79 (0.67–0.91)

0.68 (0.49–0.97)

IVUS

1.30 (1.10–1.50)

—

0.87 (0.61–1.30)

OCT/OFDI

1.50 (1.00–2.00)

1.10 (0.78–1.60)

—

Angiography

Cardiovascular death

Frequency Domain Imaging Versus INtravascular

Angiography

—

0.47 (0.32–0.66)

0.31 (0.13–0.66)

Ultrasound in Percutaneous Coronary InterventiON)

IVUS

2.10 (1.50–3.10)

—

0.66 (0.27–1.50)

OCT/OFDI

3.20 (1.50–7.60)

1.50 (0.66–3.70)

—

trials, showed that: 1) IVUS signiﬁcantly reduces
all-cause death compared with CA, but the treatment
effect on mortality disappears when the analysis is
restricted to RCTs; 2) PCI guidance using either IVUS or
OCT was associated with a signiﬁcant and consistent

Myocardial infarction
—

0.72 (0.52–0.93)

0.79 (0.44–1.40)

IVUS

1.40 (1.10–1.90)

—

1.10 (0.60–2.10)

OCT/OFDI

1.30 (0.72–2.30)

0.90 (0.47–1.70)

—

Angiography

Target lesion revascularization

reduction of MACE and cardiovascular mortality; 3)

Angiography

—

0.74 (0.58–0.90)

0.66 (0.35–1.20)

beneﬁts of IVUS use were also statistically signiﬁcant

IVUS

1.40 (1.10–1.70)

—

0.88 (0.47–1.60)

OCT/OFDI

1.50 (0.83–2.90)

1.10 (0.61–2.10)

—

for MI, ST, and repeat revascularization; 4) CA was
rated as the worst strategy in rank probability analysis;
and 5) no differences emerged in terms of comparative
efﬁcacy between IVUS and OCT. Importantly, the
summary estimates of these treatment effects were
consistent across multiple sensitivity analyses.
Limitations of CA-guided PCI, potentially resulting
in unfavorable clinical outcomes, are well known (41).

Stent thrombosis
—

0.42 (0.20–0.72)

0.39 (0.10–1.20)

IVUS

2.40 (1.40–5.10)

—

0.93 (0.24–3.40)

OCT/OFDI

2.60 (0.80–10.0)

1.10 (0.29–4.20)

—

Angiography

Orange cells indicate a signiﬁcant increased risk for the outcome of interest, whereas blue cells
indicate a signiﬁcant reduction in the risk of experiencing an adverse event.
MACE ¼ major adverse cardiac event(s); other abbreviations as in Figure 1.
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F I G U R E 4 Treatment Rank Probabilities for Secondary Clinical Outcomes

MACE

Cardiovascular Death

100

100

75

75

50

50

25

25
0

0
1st

Myocardial Infarction

2nd

3rd

1st

2nd

3rd

Target Lesion Revascularization

Stent Thrombosis

100

100

100

75

75

75

50

50

50

25

25

25

0

1st

2nd

3rd

0

0
1st

2nd

3rd

OCT/OFDI
IVUS
Angiography

1st

2nd

3rd

Secondary clinical outcomes include MACE, cardiovascular death, myocardial infarction, target lesion revascularization, and stent thrombosis.
MACE ¼ major adverse cardiac event(s); other abbreviations as in Figure 2.

Previously published meta-analyses have explored

number of randomized patients to OCT-guided PCI in

the impact of IVUS use as an invasive imaging mo-

the published reports is currently limited.

dality for guiding PCI (42). Most of these studies

Beneﬁts in terms of cardiovascular mortality

differed in terms of inclusion criteria and design of

following intravascular imaging use are expected to

included studies, but the principal ﬁndings were

accrue with reduced risks of MI, TLR, and ST. Inter-

consistent with our results showing substantial ben-

estingly, the magnitude of treatment effect in

eﬁts of IVUS use leading to a signiﬁcant reduction in

reducing cardiac mortality with intravascular imaging

the risk of MACE and hard clinical endpoints such as

in our analysis was even larger than for these single

death, cardiovascular death, MI, and ST. In our meta-

endpoints. Because MI, TLR, and ST all have some

analysis, all-cause death was the primary outcome of

degree of prognostic implication, a synergistic sur-

interest because its deﬁnition is unequivocal and

vival beneﬁt can be hypothesized when its risk is

consistent across all studies. Although IVUS was

simultaneously tempered. Moreover, by potentially

found to reduce all-cause death compared with CA,

reducing the burden of myocardial ischemia in the

this result should be cautiously interpreted because it

long term, improved PCI results could exert addi-

was driven by adjusted observational studies that

tional prognostic beneﬁts by tempering the risk of

may entail some residual confounding. Conversely,

secondary events associated with cardiac death but

cardiovascular death was signiﬁcantly and consis-

not directly related to PCI (i.e., reduced rates of car-

tently reduced by IVUS in both RCTs and observa-

diac arrhythmias or heart failure).

tional studies, whereas the results of the comparison

The current meta-analysis adds to previous ﬁnd-

between OCT and CA are more uncertain due to the

ings in the published reports by comparing, in a

smaller number of studies and large conﬁdence in-

comprehensive network of treatments, all different

tervals. This likely reﬂects a residual power issue

imaging modalities currently used in daily practice. In

because the estimate pointed toward a suggested

particular, the comparative efﬁcacy of IVUS and OCT

beneﬁt. Indeed, there were only 2 RCTs comparing

is a relevant aspect of our analysis because only a few

OCT with angiography (DOCTORS [Does Optical

studies have investigated the differential clinical

Coherence Tomography Optimize Results of Stenting]

impact of PCI guidance using these techniques in a

and ILUMIEN III trials), and therefore, the total

head-to-head manner. Interestingly, despite intrinsic
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F I G U R E 5 Results of Network Node-Split

Node-split analyses for all-cause death, MACE, cardiovascular death, myocardial infarction, target lesion revascularization, and stent thrombosis. Abbreviations
as in Figures 2 and 3.

technical differences between IVUS and OCT leading

differences even in low-frequency events, does not

to speciﬁc proﬁles of potential advantages and limi-

support that concept. Moreover, recent ﬁndings from

tations for each technique (3), similar clinical out-

the ILUMIEN III study showed that when a speciﬁc

comes were identiﬁed for the 2 strategies, consistent

OCT implantation protocol (e.g., stent selection

with recent results from the ILUMIEN III and

guided by measurements at the external elastic lamina

OPINION trials. Indeed, a tradeoff between spatial

in the proximal and distal reference segments) is used,

resolution and intimal characterization currently

minimum stent area achieved with OCT is noninferior

exists between the 2 techniques, with IVUS allowing

to IVUS guidance. The large multicenter ILUMIEN IV

for an easier visualization of the entire vessel struc-

trial has been planned to investigate differences in

ture, particularly when extensive circumferential

clinical outcomes between IVUS and OCT.

calciﬁcation or attenuated plaques are not encountered, and OCT providing a more detailed intimal

STUDY STRENGTHS AND LIMITATIONS. As noted in

deﬁnition that confers greater sensitivity for detection

the preceding text, different aspects of this meta-

of intimal dissections, stent malapposition, thrombus,

analysis are novel and of potential clinical interest

and plaque protrusion. Previous studies have shown

with respect to the existing published reports. Indeed,

that such technical differences may have an impact on

to the best of our knowledge, no meta-analysis has

PCI results with the use of larger stents and increased

previously comprehensively explored the results of

post-stent vessel dimensions when IVUS is used (43),

OCT studies for PCI guidance. Moreover, invasive and

and reduced number of dissections left untreated or

conventional imaging strategies for guiding PCI have

tissue prolapse with OCT (4). Being that post-stenting

never been evaluated and compared in the context of

vessel dimensions are an important determinant of

a network meta-analysis. Several advantages of this

clinical outcomes, some concerns have been raised for

statistical approach may be relevant in this context. A

PCI optimization using OCT due to potential under-

network of treatments allows for the inclusion of

estimation of proper stent/vessel size. Our meta-

studies that use different imaging modalities in their

analysis, speciﬁcally conducted in a large sample of

treatment arms and, by pooling direct and indirect

PCI patients with more statistical power to detect

evidence, can strengthen the amount of evidence for
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F I G U R E 6 Results of Stratiﬁed Analyses for RCTs and Observational Studies

OCT vs. Angiography
3.0

2.5

2.5

Odds Ratio

Odds Ratio

IVUS vs. Angiography
3.0

2.0

1.5

2.0

1.5

1.0

1.0

0.5

0.5

0.0

0.0
All-cause Death

MACE

MI

Cardiovascular
Death

TLR

MACE

All-cause Death

ST

Cardiovascular
Death

MI

TLR

ST

IVUS vs. OCT
3.0

RCTs

Odds Ratio

2.5

Observational studies

2.0

1.5

1.0

0.5

0.0
All-cause Death

MACE

Cardiovascular
Death

TLR

MI

ST

Results of stratiﬁed analyses for randomized clinical trials (RCTs) and observational studies across all the investigated outcomes. Abbreviations as in Figure 2.

comparisons that have been infrequently performed

with

in the literature (i.e., IVUS vs. OCT).

meta-regressions suggested no signiﬁcant relation-

study-level

data.

For

example,

although

On the other hand, a number of limitations of our

ship between time of follow-up and effect size in our

analysis should also be acknowledged. First, the

meta-analysis, an increased effect size with longer

comparative efﬁcacy among different imaging tech-

time of follow-up was observed in some of the trials

niques is currently limited to selected lesions that can

and registries included. Patient-level data would

be favorably evaluated using intravascular imaging.

be necessary to fully explore this issue by plotting

Second, the number of studies in the network was

pooled Kaplan-Meier curves and performing landmark

unbalanced between the IVUS and OCT nodes, and

analyses.

only 2 RCTs compared IVUS and OCT directly (namely,
the OPINION and ILUMIEN III trials) leading to wide

CONCLUSIONS

CrIs, particularly when the analyses were restricted to
RCTs. Third, the deﬁnition of MACE varied substan-

Compared with standard CA, the use of intravascular

tially among included studies. Fourth, the inclusion of

imaging techniques during PCI reduces the risk of

observational studies may have potentially biased our

cardiovascular death and major adverse cardiovas-

pooled estimates due to residual confounding that can

cular events. No differences in terms of comparative

be present even after statistical adjustment. However,

clinical efﬁcacy were found between IVUS and OCT

we sought to extensively address the risk of potential

for all the investigated outcomes.

bias by avoiding the inclusion of unadjusted cohorts
and down-weighting/excluding observational studies

ADDRESS

in multiple sensitivity analyses. Finally, we did not
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PERSPECTIVES
WHAT IS KNOWN? CA has inherent limitations with

PCI. No differences with regard to the comparative

respect to the assessment of proper vessel dimensions

efﬁcacy of IVUS and OCT emerged for all investigated

and evaluation of procedural results. Intracoronary

outcomes.

imaging, including IVUS and OCT, can overcome some
drawbacks of CA, allowing for detailed in vivo charac-

WHAT IS NEXT? Further studies are needed to conﬁrm

terization of coronary lesions, anatomy, and stent results.

the clinical equipoise between IVUS and OCT when used
as imaging modalities for PCI guidance. Potential advan-

WHAT IS NEW? This network meta-analysis, encom-

tages following future or current iterations of intravas-

passing a total of 17,882 patients and recent results from

cular imaging technology (i.e., better spatial resolution

the ILUMIEN III and OPINION trials, identiﬁed a signiﬁcant

for IVUS and OCT) and the combined use of imaging

reduction in the risk of major adverse cardiac events and

techniques alongside the functional identiﬁcation of

cardiovascular death with IVUS and OCT guidance during

lesions associated with ischemia should be investigated.
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