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ABSTRACT

BACKGROUND: Stent placement remains a challenge for coronary bifurcation lesions. While both simple and complex stenting strategies
are available, it is unclear which one results in better clinical outcomes. This meta-analysis aims to explore the long-term prognosis follow-
ing treatment with the 2 stenting strategies.

METHOD: Randomized controlled trials found from searches of the PubMed, EMBASE, and Cochrane Central Register of Controlled Trials
were included in this meta-analysis. The complex stent placement strategy was identified as the control group, and the simple stent place-
ment strategy was identified as the experimental group. Data were synthesized with a random effects model. The quality of the randomized
controlled trials was assessed by Jadad scale scores. The clinical endpoints at 6 months, 1year, and 5years were analyzed.

RESULTS: A total of 11 randomized controlled trials met the inclusion criteria. A total of 2494 patients were included in this meta-analysis.
The odds ratio [OR] of the major adverse cardiac events (MACEs) at 6 months was 0.85 (95% confidence interval [CI] 0.53-1.35; P= .49,
2=0%). The OR of the MACEs at 1year was 0.61 (95% CI 0.36-1.05; P=.08, 2=0%). The OR of the MACEs at 5years was 0.69 (95% CI| 0.51-
0.92; P=.01, P=0%). Compared with the complex strategy, the simple strategy was associated with a lower incidence of MACEs at 5years.

CONCLUSION: Compared to the complex stenting strategy, the simple stenting strategy can better reduce the occurrence of long-term

MACEs for coronary bifurcation lesions.
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Introduction

A coronary bifurcation lesion is a coronary artery stenosis adja-
cent to and/or including the origin of a significant side branch
(SB). It is often arbitrarily diagnosed according to the subjec-
tive judgment of an interventionalist, a factor leading to possi-
ble underdiagnosis of the condition. While coronary bifurcation
lesions occur in approximately 15% of percutaneous coronary
interventions (PCls),! treatment remains challenging due to
technological limitations and the occurrence of restenosis.
Various stent strategies are clinically used for coronary bifurca-
tion lesions.> The simple stent placement strategy involves
implanting stents only into the main vessel (M V'), with optional

*These two authors contributed equally to this work.

stenting of the SB. If SB stenting is required, the techniques
include provisional T- and T-and-protrusion (TAP) stenting.
In contrast, the complex stent implantation strategy involves
definite, planned stenting of both the MV and the SB using
various techniques, including the crush, culotte, and T-stenting
techniques.

While the simple stent placement strategy has better short-
and long-term prognoses than the complex strategy,® stent
placement is associated with restenosis. For bare metal stents,
the incidence of restenosis ranges from 16% to 44%* for the
first generation drug-eluting stents (DES), the incidence of
restenosis is 5% to 15%; and for the second-generation DES,
the incidence of restenosis is lower.” The incidence of resteno-
sis is increased by the implantation of multiple stents,! such as
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in the complex strategy for the treatment of coronary bifurca-
tion lesions. With the development of DES, the incidence of
restenosis is further reduced.® For the complex stenting strat-
egy, clinical trials have shown that DES can reduce the inci-
dence of restenosis.” Furthermore, some studies indicated the
complex stent strategy may have better clinical results. Thus,
the best stent placement method for coronary artery bifurca-
tion lesions remains unclear.®

The present study aims to clarify the best technique to treat
coronary bifurcation lesions. We compare the cardiovascular
outcomes after interventional treatment with the simple versus
the complex stenting strategy for bifurcation lesions. In this
meta-analysis, the clinical outcomes—the major adverse car-
diovascular events (MACEs), including myocardial infarction
(MI), cardiac death, stent thrombosis (ST), target lesion revas-
cularization (TLR), and target vessel revascularization (TVR)
were compared between the 2 groups. We combined the fol-
low-up time of all eligible studies to explore the long-term
prognosis of simple and complex stent placement strategies.

Materials and Methods

Inclusion criteria

The studies analyzed met the following inclusion criteria: (1)
contained randomized controlled trials (RCTs), (2) used a
complex stent placement strategy as the control group and a
simple stent placement strategy as the experimental group, (3)
had study populations consisting of patients with coronary
bifurcation lesions, and (4) had follow-up periods of 6 months,
lyear, and Syears. Reviews and non-English articles were
excluded from our analysis.

Retrieval strategy

Literature retrieval was carried out by searching the PubMed,
EMBASE, and Cochrane Central Register of Controlled
Trials databases for the following search terms: “simple or

” «

complex,” “stenting,” and “coronary bifurcation lesions.” Two
researchers screened the literature by reading titles, abstracts,
and full texts. If necessary, additional study details were used to
determine whether studies met the inclusion criteria.
Disagreements were submitted to a third reviewer for consen-
sus. In addition, we reviewed the references from meta-analy-
ses of simple and complex stenting strategies for the treatment
of coronary bifurcation lesions to find other relevant published

and unpublished studies.

Data extraction and clinical outcomes

Paired reviewers independently extracted data from the original
trials and assessed the qualifications of all identified citations.
The name of the project or the first author’s last name, the time
of publication, the study design, the disease population, the

main end point of the study, and the follow-up time, patient’s
characteristics, comorbidities, procedural characteristics, well as
binary variable data, were extracted. The primary outcome was
any MACE, including cardiac death, ST, MI, and all-cause
death. The secondary outcomes were TLR and TVR. We ana-
lyzed the primary and secondary clinical outcomes at 6 months,
1year, and Syears.

Statistical analysis and quality assessment

All data were binary variables. We combined the medical treat-
ment effects (odds ratios [ORs] and risk ratios [RRs]) with the
corresponding 95% confidence intervals (Cls) to evaluate the
impact of simple and complex stent placement strategies on
adverse clinical events. Data were analyzed using a random
effects model. The Q_and P tests were used for heterogeneity
analysis. A P-value <.1 or an P-value > 50% indicated greater
heterogeneity. To visualize the heterogeneity, prediction inter-
vals were used in forest plots for the primary outcomes. A sen-
sitivity analysis was performed by omitting each study in order
to evaluate the reliability and stability of all studies. When I
was >50%, we performed a sensitivity and subgroup analysis.
The methodological quality of the RCTs was assessed by the
Cochrane Collaboration risk-of-bias tool. Inclusion of any
studies that caused heterogeneity was determined after reading
the full text. Egger’s test and funnel plots were used to assess
potential bias. The quality of the RCTs was assessed using the
Jadad scale. The statistical analyses in this meta-analysis were
performed using a combination of STATA statistical software
(version 16; Stata Corp, College Station, Texas, USA) and
Review Manager software (version 5.3; Copenhagen; The
Nordic Cochrane Center, The Cochrane Collaboration, 2014).
Lastly, the GRADE system was used to evaluate the quality of

the evidence for all results.

Results
Included studies

A total of 1602 articles were retrieved from online databases.
Of these, 62 articles were eliminated because of duplication.
Four articles meeting the inclusion criteria were manually
retrieved from the references of previous meta-analyses. Based
on the title and abstract, 1529 articles were excluded, and 15
articles were identified. Finally, 4 articles were excluded based
upon the full text contents. The flowchart of the literature
retrieval and exclusion rationale is shown in Figure 1.

Of the 11 studies meeting the inclusion criteria, a total of
2494 patients were included in this meta-analysis. Five had a
follow-up of 6 months,»%12 4 had a follow-up of 1year,1315
and 3 had a follow-up of 5years.®1617 The characteristics of
all studies meeting the inclusion criteria are summarized in
Table 1. The risk of bias assessment of all eligible studies is

shown in Figure 2.
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Figure 1. The flow chart of literature retrieval and reasons for article exclusion.

Tbé primary outcomes

The OR of MI at 6 months was 0.76 (95% CI 0.45-1.29;
P=.31, 2=0%). The OR of all-cause death at 6 months was
1.13 (95% CI 0.32-4.06; P=.85, 2=0%). The OR of cardiac
death at 6 months was 1.32 (95% CI 0.29-5.96; P=.72,
I2=0%). The OR of MACEs at 6 months was 0.85 (95% CI
0.53-1.35; P=.49, =0%). There was no significant differ-
ence between the 2 stenting strategies for MACEs at 6 months
(Figure 3).

The OR of MI at 1 year was 0.54 (95% C1 0.25-1.15; P=11,
P=0%). The OR of MACEs at 1year was 0.61 (95% CI 0.36-
1.05; P=.08, 2=0%). The OR of all-cause death at 1year was
1.57 (95% CI1 0.52-4.77; P= .43, P =0%). There was no signifi-
cant difference between the 2 stenting strategies for MACEs at
1year (Figure 4).

The OR of cardiac death at 5 years was 0.92 (95% CI 0.42-
2.02; P=.84, P=0%). The OR of MI at 5years was 0.65 (95%
CI 0.35-1.24; P=.19, P=0%). The OR of ST at 5years was
1.33 (95% CI1 0.56-3.14; P=.52, 2=29%).The OR of all-cause
death at 5years was 0.58 (95% CI 0.34-1.00; P=.05, >=0%).
The OR of MACE:s at Syears was 0.69 (95% CI 0.51-0.92;
P=.01, 2=0%). Compared with the complex strategy, the sim-
ple strategy was associated with a lower incidence of MACEs
at Syears. The simple strategy was associated with the lower
incidence of all-cause death at Syears (Figure 5).

The secondary outcomes

The OR of TLR at 6 months was 1.05 (95% CI 0.58-1.90
P=.88, P=0%). The OR of TVR at 6 months was 1.36 (95%
CI 0.61-3.03; P=.45, 2P=0%). The OR of MV restenosis at
6 months was 0.64 (95% CI 0.13-3.23; P=.59, 2=0%). The
OR of SB restenosis at 6 months was 0.59 (95% CI 0.23-1.52;
P=.27, P=0%). There was no significant difference between
the 2 groups for the occurrence of restenosis of the MV and the
SB (Figure 3).

The OR of TLR at 1year was 1.98 (95% CI 1.20-3.27;
P=.007,2=17%). The OR of TVR at 1year was 2.29 (95% CI
1.23-4.27; P=.009, ?=0%). Compared with the simple strat-
egy, the complex strategy was associated with a lower incidence
of TVR and TLR at 1year (Figure 4).

The OR of TLR at Syears was 1.17 (95% CI 0.47-2.90;
P=.74, P=82%).The OR of TVR at 5years was 1.07 (95% CI
0.54-2.12; P=.85, P=77%). There was no significant differ-
ence between the 2 groups for TLR and TVR at Syears.

Discussion

In our meta-analysis of 11 RCTs, we compared the advantages
and disadvantages of simple and complex stent strategies for
treating coronary bifurcation lesions. We found that the simple
strategy improved the long-term prognosis of MACEs better
than the complex stenting strategy.
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The disadvantages of the conventional crush technique
were associated with crushed stent struts. In addition, this
technique could lead to uncovered nonapposed stent struts
occurring at or near the bifurcations, which might be related to
the delayed coverage of the neointima.!® In comparison, the
conventional culotte technique was associated with a higher
incidence of restenosis and ST.» In addition, both techniques
were related to a higher incidence of SB occlusion.?’ Fortunately,
the crush and culotte techniques have undergone improve-
ments. One modification of the crush technique was the opti-
mization of the stent placement procedure, where a separate
step was used to crush the SB stent, followed by inserting a
stent into the MV. Intermediate balloon-kiss expansion was
performed before positioning a stent in the MV.2122 The
culotte technique was improved by first inserting a stent into
the SB, followed by pre-placing a balloon in the MV. The over-
lap of the 2 stents was shorter than in the conventional culotte
technique. Intermediate balloon-kiss expansion was then per-
formed before positioning a stent in the MV.23 For simple stent
placement strategies, the accepted criteria for the SB stent
placement is based on angiographic results: a vessel severity
>75% diameter stenosis, and stenosis length >5mm.?* The
clinical results from the DKCRUSH studies were of great sig-
nificance; the double kissing crush replaced the traditional
crush in the treatment of coronary bifurcation lesions, had
lower angiographic restenosis rates, and was the preferred
strategy for PCIL.?> In addition, for complex coronary bifurca-
tion lesions, the double kissing crush was better than provi-
sional stenting’.

In the DKCRUSH-II study, researchers compared the
MACE:s between the double kissing double crush technique
and the provisional stenting strategy. The clinical endpoints
were followed up at 1, 6, 8, and 12 months. Although the aim
of this study was to demonstrate the best strategy for coronary
bifurcation lesions, the 2 techniques demonstrated no signifi-
cant difference in MACEs.? The 5-year follow-up results of
Chen et al'® showed that the double kissing crushing stenting
strategy had a lower incidence of TLR; however, the 5-year
MACESs was not statistically significant, which may indicate
the need for a larger sample size to illustrate the best strategy.
The Nordic study was also a long-term follow-up study, com-
paring the clinical outcomes of the simple and complex stent-
ing strategies at 5years.!” Even though the simple strategy had
a better trend, there was no significant difference in the clinical
endpoint for the 2 strategies. In the CACTUS study, similar
conclusions were drawn, and the complex stent placement
strategy did not show any superiority.’® Therefore, the simple,
optional SB stenting implantation strategy was still recom-
mended for the treatment of coronary bifurcation lesions.!
However, the long-term follow-up data from the 2 studies
illustrated differences in the patients’ illnesses, such as the
severity of the SB stenosis, leading to significant differences in
the TLR, which could explain the heterogeneity of the 5-year

TLR in our meta-analysis. In addition, the functional assess-
ment of bifurcation lesion is very significant. According to the
latest research results, fractional flow reserve (FFR) has a cer-
tain degree of potential for assessing the functional assessment
of bifurcation lesion. The evaluation results of FFR for coro-
nary bifurcation lesions may provide a certain degree of refer-
ence for whether to adopt simple or complex strategies.?

In a previous meta-analysis, the simple stenting strategy
played a beneficial role in reducing the incidence of early acute
MI compared to the complex stenting strategy.?” Niccoli et al?8
also showed that the simple strategy reduced the risk of early
MI; however, for MACEs, there was no significant difference
between the 2 strategies. In contrast to the previous meta-anal-
yses, we combined the follow-up times to demonstrate which
strategy had a better long-term prognosis. In our meta-analy-
sis, we discussed whether the simple stent placement strategy
was better than the complex strategy at 6 months, 1year, and
5years, and our results showed that the simple stent strategy
can reduce the occurrence MACEs at 5 years.

In the treatment of coronary bifurcation lesions, ST is a
common problem. Even though the technique of the complex
stent implantation strategy has improved, it still faces chal-
lenges. The crush and the culotte techniques have different
characteristics; however, they are both associated with a higher
risk of ST. For the simple stent placement strategy, techniques
include provisional T- and TAP stenting. Compared with TAP
stenting, the culotte technique was associated with a lower
incidence of angiographic restenosis. However, the temporary
stent placement strategy is currently recommended for the
treatment of coronary bifurcation lesions.!® In our meta-analy-
sis, there was no significant difference between the 2 strategies
tor MV and SB restenosis in 1year. With the wide clinical
application of drug-eluting balloons and DES, the incidence of
restenosis and ST may be further reduced. Further clinical tri-
als are required for confirmation.

Although the studies included in this meta-analysis are
RCTs, we cannot deny the limitations of this meta-analysis, of
this, the longer follow-up period will increase the accuracy of
the conclusion of meta-analysis.

Conclusions

In conclusion, the simple stent placement strategy is superior
to other strategies in improving the long-term prognosis of
patients with coronary bifurcation disease; nonetheless, both
stenting strategies have their own advantages. This study com-
pared the MACEs of simple stent strategy and complex stent
strategy of different follow-up time in detail, which provided a
certain degree of reference value for clinicians in the treatment
of coronary bifurcation lesions.
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Simple Stenting Complex Stenting Risk Ratio Risk Ratio
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Colombo2004 2 22 7 63 9.8% 0.82[0.18, 3.65] - T
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Total (95% Cl) 634 675 100.0% 0.85 [0.53, 1.35] L 4
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Heterogeneity: Tau? = 0.00; Chi? = 0.20, df = 1 (P = 0.66); I = 0%
Test for overall effect: Z = 0.36 (P = 0.72)

Cardiac death
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Colombo2004 1 21 3 53 534% 0.84 [0.09, 7.64] J
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Heterogeneity: Tau? = 0.00; Chi?=0.12, df = 1 (P = 0.73); I?= 0%

Test for overall effect: Z = 0.53 (P = 0.59)

MYV restenosis

Colombo2004 2 22 7 63 28.7% 0.82[0.18, 3.65] -
DKCRUSH-112011 8 185 3 185 37.3% 2.67[0.72,9.89] =
Nordic2006 4 207 4 206 34.0% 1.00 [0.25, 3.93] ¥
Total (95% CI) 414 454 100.0% 1.36 [0.61, 3.03]

Total events 14 14

Heterogeneity: Tau? = 0.00; Chi? = 1.66, df = 2 (P = 0.44); I = 0% '0 o1 0'1 ,i 1'0 100‘

Test for overall effect: Z = 0.75 (P = 0.45)
TVR

Simple Stenting Complex Stenting

Figure 3. The forest plots of MI, all-cause death, TLR, TVR, MV restenosis, SB restenosis, cardiac death, and MACEs in 6 months.
Abbreviations: MACEs, major adverse cardiovascular events; Ml, myocardial infarction; MV, main vessel; SB, side branch; TLR, target lesion revascularization; TVR,
target vessel revascularization.




Clinical Medicine Insights: Cardiology

Simple Stenting Complex Stenting Risk Ratio Risk Ratio
r r Even Total Events Total Weight M-H, Random, 95% CI M-H., Random, 95% ClI

DKCRUSH-112011 6 185 12 185 32.1% 0.50[0.19, 1.30] La
Ferenc2008 6 101 6 101 24.5% 1.00 [0.33, 3.00] *
Hildick-Smith2016 8 103 14 97 43.5% 0.54 [0.24, 1.23] L
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Total events 20 32
Heterogeneity: Tau? = 0.00; Chi? = 1.03, df = 2 (P = 0.60); I> = 0%
Test for overall effect: Z = 1.78 (P = 0.08)
MACEs
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Ferenc2008 11 101 9 101 30.3% 1.22[0.53, 2.82] =
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Total (95% Cl) 288 282 100.0% 2.29 [1.23, 4.27] >
Total events 30 13
Heterogeneity: Tau? = 0.00; Chi? = 0.04, df = 1 (P = 0.85); I = 0%
Test for overall effect: Z = 2.61 (P = 0.009)
TVR
BBK2016 4 150 3 150 56.5% 1.33[0.30, 5.86] i
Ferenc2008 2 101 1 101 21.8% 2.00[0.18, 21.71] "
Hildick-Smith2016 2 103 1 97 21.8% 1.88[0.17, 20.44] =
Total (95% Cl) 354 348 100.0% 1.57 [0.52, 4.77] i
Total events 8 5
Heterogeneity: Tau? = 0.00; Chi? = 0.11, df = 2 (P = 0.95); I? = 0%
Test for overall effect: Z=0.79 (P = 0.43)
All-cause death
DKCRUSH-112011 4 185 6 185 36.7% 0.67 [0.19, 2.32] =
Ferenc2008 1 101 2 101 10.1% 0.50 [0.05, 5.43] N
Hildick-Smith2016 5 103 10 97 53.2% 0.47[0.17, 1.33] L
Total (95% CI) 389 383 100.0% 0.54 [0.25, 1.15] o
Total events 10 18
Heterogeneity: Tau? = 0.00; Chi?=0.18, df =2 (P = 0.91); I? = 0%
Test for overall effect: Z = 1.60 (P =0.11)
MI
DKCRUSH-112011 2 185 5 185 38.6% 0.40 [0.08, 2.04] ! [
Ferenc2008 3 101 3 101 41.1% 1.00 [0.21, 4.84]
Hildick-Smith2016 1 103 3 97 20.3% 0.31[0.03, 2.97] "
Total (95% Cl) 389 383 100.0% 0.56 [0.20, 1.53]
Total events 6 11
Heterogeneity: Tau? = 0.00; Chi? = 0.94, df =2 (P = 0.62); I? = 0% 0 o1 0'1 1 1'0 100‘
Test for overall effect: Z = 1.14 (P = 0.25) Sfmple Sténting Complex Stenting

ST

Figure 4. The forest plots of all-cause death, TLR, TVR, MI, ST, and MACEs in 1year.
Abbreviations: MACEs, major adverse cardiovascular events; Ml, myocardial infarction; ST, stent thrombosis; TLR, target lesion revascularization; TVR, target vessel
revascularization.
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Figure 5. The forest plots of all-cause death, TLR, TVR, cardiac death, MI, ST, and MACEs in 5years.
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Study or Subgrou

Events Total Events Total Weight

BBC ONE2010 7 245 14 238 10.5%
DKCRUSH-112017 24 183 30 183 33.9%
Nordic2013 34 202 51 202 55.5%
Total (95% CI) 630 623 100.0%
Total events 65 95

Heterogeneity: Tau? = 0.00; Chi? = 0.97, df =2 (P = 0.62); I> = 0%

Test for overall effect: Z = 2.56 (P = 0.01)

MACEs

DKCRUSH-112017 30 183 16
Nordic2013 23 202 31
Total (95% Cl) 385

Total events 53 47

Heterogeneity: Tau? = 0.35; Chiz = 5.71, df = 1 (P = 0.02); I = 82%

Test for overall effect: Z=0.33 (P = 0.74)
TLR
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Test for overall effect: Z = 1.97 (P = 0.05)
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Heterogeneity: Tau? = 0.00; Chi? = 0.98, df = 1 (P = 0.32); I? = 0%

Test for overall effect: Z=0.21 (P = 0.84)
Cardiac death
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Heterogeneity: Tau? = 0.00; Chi? = 0.41, df =1 (P = 0.52); I? = 0%

Test for overall effect: Z = 0.64 (P = 0.52)
ST

Risk Ratio
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0.49[0.20, 1.18]
0.80 [0.49, 1.31]
0.67 [0.45, 0.98]

0.69 [0.51, 0.92]

1.88 [1.06, 3.32]
0.74 [0.45, 1.23]

1.17 [0.47, 2.90]
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Abbreviations: MACEs, major adverse cardiovascular events; Ml, myocardial infarction; ST, stent thrombosis; TLR, target lesion revascularization; TVR, target vessel
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