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Abstract

BACKGROUND

We performed a meta-analysis on observational studies since randomized control
trials are not available. We studied intracoronary brachytherapy (ICBT) and
recurrent drug eluting stent in-stent restenosis (DES-ISR) to evaluate the
procedural success, target lesion revascularization (TLR), incidence of myocardial
infarction (M) and all-cause mortality at 2 years follow-up.

AIM
To perform meta-analysis for patients undergoing ICBT for recurrent DES-ISR.

METHODS
We performed a systematic search of the PubMed/MEDLINE, Cochrane and
DARE databases to identify relevant articles. Studies were excluded if intra-
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coronary brachytherapy was used as a treatment modality for initial ISR and
studies with bare metal stents. We used a random-effect model with DerSimonian
& Laird method to calculate summary estimates. Heterogeneity was assessed
using [*statistics.

RESULTS

A total of 6 observational studies were included in the final analysis. Procedural
angiographic success following intra-coronary brachytherapy was 99.8%.
Incidence of MI at 1-year was 2% and 4.1% at 2-years, respectively. The incidence
of TLR 14.1% at 1-year and 22.7% at 2-years, respectively. All-cause mortality at 1-
and 2-year follow-up was 3% and 7.5%, respectively.

CONCLUSION

Given the observational nature of the studies included in the analysis,
heterogeneity was significantly higher for outcomes. While there are no
randomized controlled trials or definitive guidelines available for recurrent ISR
associated with DES, this analysis suggests that brachytherapy might be the
alternative approach for recurrent DES-ISR. Randomized controlled trials are
required to confirm results from this study.

Key Words: Intracoronary brachytherapy; In-stent restenosis; Meta-analysis; Drug eluting
stent; Systematic review; Brachytherapy

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Information is not readily available for the management of recurrent drug-
eluting in-stent restenosis. There have been recent advances in the management of in-
stent restenosis. While the use of a drug-eluting stent is still associated with in-stent
restenosis, the use of intracoronary brachytherapy (ICBT) has resurged as one of the
modalities in the management of such a complex problem. This analysis focuses on
myocardial infarction and target lesion revascularization after the use of ICBT with a
follow-up out to 2 years. Future studies with longer follow up are required to see if
these benefits last longer.

Citation: Ilyas I, Kumar A, Adalja D, Shariff M, Desai R, Sattar Y, Vallabhajosyula S,
Gullapalli N, Doshi R. Intracoronary brachytherapy for the treatment of recurrent drug-eluting
stent in-stent restenosis: A systematic review and meta-analysis. World J Cardiol 2021; 13(4):
95-102

URL: https://www.wjgnet.com/1949-8462/full/v13/i4/95.htm

DOI: https://dx.doi.org/10.4330/wjc.v13.i4.95

INTRODUCTION

As percutaneous coronary intervention has evolved, drug eluting stents (DES) have
become the mainstay of therapy given their lower rates of in-stent restenosis (ISR) and
other complications in comparison to bare metal stents (BMS). ISR occurs due to
vascular remodeling and neointimal hyperplasia which can lead to the reoccurrence of
anginal symptoms!'. Various clinical factors, including stent type, other comorbidities
and patient characteristics, contribute to the development of ISR. This makes it
difficult to ascertain the exact incidence of ISR, however, with the advent of second-
generation DES, ISR rates have decreased to approximately 8%". Patients with ISR
will often undergo revascularization with repeat stenting per guideline, however, the
recommendations are less clear for 2 or more previously implanted stents®l. There
have been several modalities used for such lesion without clear benefits which
includes but not limited to the use of laser atherectomy, intracoronary brachytherapy
(ICBT), and drug coated balloons. The intracoronary irradiation may limit
intravascular smooth muscle proliferation by promoting novel cell cycle regulation
and eventually reduces the rate of ISRF. There have been promising results with the
use of ICBT for recurrent DES-ISRI*"l. Given the inherent limitations and logistic issues
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associated with the use of ICBT, the use has been very limited to a few centres in the
United States. We performed a meta-analysis on observational studies studying ICBT
in the absence of randomized controlled trials and recurrent DES-ISR to evaluate the
procedural success, target lesion revascularization (TLR), incidence of myocardial
infarction (MI) and all-cause mortality at 1- and 2-years follow-up.

MATERIALS AND METHODS

Literature search

We performed a systematic search of the PubMed/MEDLINE, Cochrane and DARE
databases to identify relevant articles. The literature search was performed from the
inception of the database to January 2019. Since studies included in the present meta-
analysis were approved my institutional ethical committee, no additional ethical
clearance was required for the present meta-analysis. The reporting of the present
systematic review and meta-analysis was in accordance with the PRISMA guidelines!’.

Study selection

Each of the three databases were searched using the search terms "Intra-coronary
Brachytherapy", "ICBT" OR "Intra-vascular Brachytherapy" "Intravascular
Brachytherapy", "Drug eluting stent", "Drug-eluting stent", DES, "In-stent restenosis",
ISR, to identify citations without language restrictions (Supplementary Table 1).
Studies were not excluded based on sample size. The identified studies were imported
into Mendeley reference manager and checked for duplicates. The reference list of the
relevant articles searched were reviewed to identify additional articles.

The inclusion criteria were (1) observational studies of ICBT; and (2) for recurrent
ISR of DES reporting either one of the following event rates: Procedural success; TLR,
MI and all-cause mortality at 1 and/or 2 years follow up. Studies were excluded if
intra-coronary brachytherapy was used as a treatment modality for initial ISR and
studies with BMS (Supplementary eMethod1).

Data extraction

The screening of searched citations was performed at two levels. At the first level, two
reviewers independently screened the title and abstracts of citations searched. At the
second level, full text of citations identified by first level of screening was reviewed by
two independent reviewers and included if the studies met the inclusion criteria. Any
disparity during the review process was rectified by mutual consensus. Data
extraction from included studies was performed by two reviewers independently. The
following information was extracted from each included study, author’s name, year,
number of patients, mean age, percentage male, procedural angiographic success rates,
TLR, MI and all-cause mortality rates at 1- and 2-year follow-up that were reported.

Statistical analysis

We used random effect model with DerSimonian & Laird method to calculate
summary estimates. Heterogeneity was assessed using I*statistics. Estimates with >
50% was considered statistically heterogeneous. To allow for inclusion in the meta-
analysis, a correction of 0.5 was added to the events of studies reporting event rate of
0%. All statistical analysis was carried out using R statistical software version 3.6.2.

RESULTS

Summary of included studies

The database search identified a total of 26 citations. After applying the inclusion
criteria, 6 studies were included in the final analysisl®”'*"?. The PRISMA flow chart for
inclusion of studies is provided in Figure 1. All studies included in the present study
analysed intra-coronary brachytherapy as treatment strategy in patients with recurrent
ISR. The baseline characteristics of included studies are provided in Table 1. The mean
age of the patients ranges from 65-67 years in all studies. All studies included patients
with > 2 stents. However, information regarding previous stent DES or BMS was not
clear in any of the manuscript. Males were significantly higher in all studies. All
studies utilized Strontium/yttrium-90 beta radiation system at the depth of 2 mm in
almost all studies. Mean radiation dose was 18-23 gray in all studies. All the studies
performed brachytherapy on DES as the most recent layer of the stent. Although

WJC | https://www.wjgnet.com 97 April 26,2021 | Volume13 | Issue4d |


https://f6publishing.blob.core.windows.net/8c2f5151-2cec-4be5-aa24-a1643732cf35/WJC-13-95-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/8c2f5151-2cec-4be5-aa24-a1643732cf35/WJC-13-95-supplementary-material.pdf

Ilyas I et al. Outcomes of ICBT

Table 1 Baseline characteristics of included studies

Number of Mean age  Percentage DM  Hypertension Mean/median
Ref. Year . g 0 g o oyp Type of brachytherapy L
patients (n)  (years) male (%) (%) (%) radiation dose
1 Negietal® 2016 186 65 62 47 95 Strontium/ yttrium-90 beta 23-25 Gray
radiation
2 Ohrietal™ 2016 134 65 75 59 99 Strontium/ yttrium-90 beta 18.4 or 23 Gray
radiation
3 Mangione 2017 101 66 67 53 98 Strontium/ yttrium-90 beta 18-23 Gray
etall radiation
4 Varghese 2018 197 65 75 60 99 Strontium/ yttrium-90 beta 22 Gray
etall’’l radiation
5 Megal 2021 116 66 69 - - Strontium/ yttrium-90 beta 22.6 Gray
et all'” radiation
6 Meraj 2021 290 67 66 58 97 Strontium/ yttrium-90 beta 23 Gray
et all'!) radiation

Identification

Screening

Eligibility

=]
o]
o
=
[}
c
=

database searching
(n = 106)

Records identified through

Additional records identified
through other sources
(n=0)

Records after duplicates removed

(n =103)

Records screened

(n =103)

Full-text articles assessed
for eligibility
(n=28)

Records excluded
(n = 95)

Studies included in
qualitative synthesis
(n=6)

Studies included in
quantitative synthesis
(meta-analysis)
(n=6)

Full-text articles excluded,
with reasons (n = 2)

Two study analyzed
intracoronary brachytherapy
in patients with bare metal
stents- in-stent restenosis.

Figure 1 PRISMA flow chart for the selection of studies included in the meta-analysis.

JBaishideng®

studies did not mention which stent was utilized prior to this brachytherapy
procedure, all studies included patients after calendar year 2011, and hence, we can
safely assume that all studies utilized second generation DES stent after the procedure.

Results of analysis of outcomes
Procedural angiographic success following intra-coronary brachytherapy was 99.8%
(95%CI: 99.5%-100.1%) (Figure 2A). TLR at 1-year follow-up was 14.1% (95%CI: 9.2%-
19%) (Figure 2B) and at 2-year follow-up was 22.7% (95%CI: 15.4%-30%) (Figure 3A)
following intra-coronary brachytherapy. MI at 1- and 2-year follow-up were 2%
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Source
Ohri N et al. 2015 1.00[0.97; 1.00]
Nehi Sl et al. 2016 1.00[0.99; 1.00]
Mangione FM et al. 2017 0.97 [0.92; 0.99]
Meraj PM et al. 1.00[0.99; 1.00]
Total = 0.99[0.97; 1.00]
Heterogeneity: 75 =6.96 (P = .07), 1" =57%

Source
Negi Sl etal. 2016 0.08[0.05;0.11]
Mangione FM et al. 2017 0.27 [0.19; 0.37]
Vardhese MJ etal. 2018 0.11[0.07; 0.16]
Meraj PM et al. 2019 0.12[0.09; 0.17]
Megaly M et al. 2020 0.19[0.13; 0.26]
Total 0.14[0.09;0.21]
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Proportion (95% CI)

Proportion (95% ClI)

Heterogeneity: 72 = 25.74 (P < .001), I° = 84% I T J J i !

Source
Negi Sletal. 2016 0.02[0.01;0.05]
Mangione FM et al. 2017 0.00 [0.00; 0.04]

Varghese et al. 2018 0.03[0.01; 0.06]
Meraj PM et al. 2019 0.03[0.02; 0.06]
Total 0.03[0.02; 0.04]

Heterogeneity: 1; =276 (P = .43),I"=0%

Source
Negi Sletal. 2016 0.05[0.03;0.10]
Mangione FM et al. 2017 0.09 [0.05; 0.17]
Varghese MJ etal. 2018 0.01 [0.00; 0.04]
Meraj PM et al. 2019 0.02[0.01; 0.04]
Total 0.03[0.01;0.08]

Proportion (95% CI)

Proportion (95% CI)

Heterogeneity: 3> = 13.70 (P = .003), I* = 78% f T !
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Figure 2 Forest plot for the clinical outcomes at 1 year. A: Demonstrated procedural success at 1 year; B: Demonstrates target lesion revascularization at
1 year; C: Demonstrates myocardial infarction at 1 year; D: Demonstrates all-cause mortality at 1 year.

(95%CI: 0.6%-3.3%) and 4.1% (95%CI: 2.5%-5.8%) (Figures 2C and 3B), respectively.
All-cause mortality rates were 3% (95%CI: 0.8%-5.3%) and 7.5% (95%CI: 0.8%-14.3%)
(Figures 2D and 3C), at 1- and 2-year follow-up, respectively.

DISCUSSION

In the absence of randomized controlled trials, we analysed observational studies
demonstrating the favourable outcomes of brachytherapy following DES-ISR. The
findings demonstrate high rates of procedural success, with TLR (14.1%) at 1-year and
(22.7%) at 2-years, respectively. Incidence of MI at 1-year was 2% and 4.1% at 2-years,
respectively. All-cause mortality at 1- and 2-year follow-up was 3% and 7.5%,
respectively.

Brachytherapy targets adventitial fibromyoblasts that is the main source for
neoproliferation of the tissue and causes apoptosis. Since there is overall suppression
of neointimal growth by DES, DES-ISR tends to be focal, predominantly occurring at
the stent edgel”!. ICBT inhibits neointimal formation within the stent by delivering
radioactive strontium-90 beta-radiation via a hydraulic mechanism. This may not be as
effective at the stent edge which may account for the minority of patients requiring
revascularization at the 1- and 2-year follow-up!‘l. Between the 1- and 2-year marks,
there has been a remarkable increase in TLR, 14.1% vs 22.7%, leading to increases in MI
and all-cause mortality at the two-year mark. This suggests that radiation may delay
but does not eliminate the development of restenosis, leading to higher occurrences of
MI and all-cause mortality at the two-year mark.

Management of resistant DES-ISR remains challenging and the best therapeutic
option is still unclear. Some experts suggested that combined use of excimer laser
coronary atherectomy may improve further clinical outcomes, however, the data is
limited. Another option would be to use drug coated balloons; however, more data is
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A

Source Proportion (95% CI)

Negi Sletal. 2016 0.19[0.15; 0.24] ——

Mangione et al. 2017 0.31[0.23; 0.42] &

Meraj PM et al. 2019 0.14[0.11;0.19] —F—

Megaly M et al. 2020 0.29 [0.23; 0.37] ——

Total . 0.23[0.16; 0.31] ——————

Heterogeneity: 72 = 19.55 (P < .001), I* = 85% ‘ T T T T !

015 02 025 03 035 04
(95% CI)
B Source Proportion (95% CI)

Negi Sletal. 2016 0.05[0.03; 0.10] i

Mangione FM et al. 2017 0.03[0.01; 0.09] =

Meraj PM et al. 2019 0.04[0.02; 0.07] ——

Total ) 0.04[0.03; 0.06] s

Heterogeneity: x5 = 0.89 (P = 64), I° = 0% T ‘ !

0.02 0.04 0.06 0.08
(95% Cl)
C Source Proportion (95% CI)

Negi Sl et al. 2016 0.10[0.06; 0.15] ——

Mangione FM et al. 2017 0.12[0.07; 0.21] £

Meraj PM et al. 2019 0.02[0.01;0.04] —

Total ) 0.07 [0.03; 0.16] R —

Heterogeneity: x5 = 14.72 (P < .001), I = 86% f T f !

0.05 0.1 0.15 02

(95% Cl)

Figure 3 Forest plot for the clinical outcomes at 2 year. A: Demonstrates target lesion revascularization at 2 years; B: Demonstrates myocardial infarction

at 2 years; C: Demonstrates all-cause mortality
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at 2 years.

needed to determine use of this technology. The use of rotational and orbital
atherectomy is also on the rise. As technology is growing, use of third generation DES
stent would be helpful in reducing ISR rates itself. Intravascular imaging is another
growing field which might help determine pathophysiology in the development of
DES-ISR. Since stent under-expansion is thought to be the main reason for DES-ISR,
this can probably be prevented with the use of intravascular ultrasonography.

There are some limitations to our analysis. Three of the six studies included data for
all the seven endpoints we analysed. This may have led to a smaller data pool.
Additionally, we did not analyse the vessel diameter of the targeted lesion as this
information was not readily available. Though, it should be a matter that, it should be
investigated further given that ICBT has the greatest benefit in small vessel
diameters!"”). It has been previously established that patients with diabetes are more
prone to develop ISR, yet it would be interesting to note the long-term procedural
success in patients with co-morbid conditions following ICBT after DES-ISR!"’. The
number of stent varied in different studies. With each additional layer of stent, chances
of ISR and other outcomes may increase. Finally, we do not have enough randomized
control trials and we have to rely on observational studies to guide management in
such patients. Overall, our analysis shows that ICBT is a feasible treatment option for
the treatment of DES-ISR, is associated with high rates of procedural success and
favourable efficacy at the one and two-year marks.

CONCLUSION

Currently, United States Food and Drug Administration has approved intracoronary
radiation as an adjunctive treatment for ISR. While there are no definitive guidelines
or recommendations for the management of recurrent ISR associated with DES, this
analysis on brachytherapy with DES-ISR demonstrated that ICBT could be an effective
alternate modality for such complex lesions. However, heterogeneity was significantly
higher given the observational nature of the studies included in the analysis which
must be kept in mind. Analysis shows that the initial intra-coronary brachytherapy
procedure is highly successful. Brachytherapy is a practical treatment option for
difficult to treat DES-ISR in patients with limited life expectancy or multiple comorbid
states who may not be able to tolerate alternative treatment options, though, further
analysis is needed on the long-term effects following ICBT in medically complex
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ARTICLE HIGHLIGHTS

Research background

There is no established strategy for the management of in-stent restenosis which is
common even when using drug eluting stents. There is a resurgence of the use of
intracoronary brachytherapy (ICBT) for the treatment of drug eluting stent in-stent
restenosis (DES-ISR).

Research motivation

The use of ICBT was common in the late 1990s era. Even with the use of second and
third generation drug-eluting stents, in-stent restenosis have remined a significant
problem. There have been multiple strategies used to manage this complex problem.
Along with other strategies, ICBT has re-emerged as a potential solution.

Research objectives
The main objective was to perform a meta-analysis for patients undergoing ICBT for
recurrent DES-ISR and analyze clinically important outcomes.

Research methods

We have reviewed PubMed/MEDLINE, Cochrane and DARE databases to identify
studies that used ICBT for the management of in-stent restenosis. We used a random-
effect model with DerSimonian & Laird method to calculate summary estimates.
Heterogeneity was assessed using I*statistics.

Research results

We included 6 observational studies in this meta-analysis. Procedural angiographic
success following intra-coronary brachytherapy was 99.8%. The incidence of
myocardial infarction and all-cause mortality was within acceptable range at 2 years.
Incidence of target lesion revascularization (14.1%) at 1-year and (22.7%) at 2-years,
respectively.

Research conclusions
Brachytherapy should be one of the preferred approach for recurrent DES-ISR.

Research perspectives
There is an unmet need for randomized control trial comparing brachytherapy vs
another drug eluting stent with a longer follow-up.
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