
SYSTEMATIC REVIEW
published: 21 January 2022

doi: 10.3389/fcvm.2021.726579

Frontiers in Cardiovascular Medicine | www.frontiersin.org 1 January 2022 | Volume 8 | Article 726579

Edited by:

Sheldon Goldberg,

University of Pennsylvania,

United States

Reviewed by:

Konstantinos Marmagkiolis,

University of Texas MD Anderson

Cancer Center, United States

Gabriel Maluenda,

University of Chile, Chile

*Correspondence:

Suna Fu

fsn1227@163.com

Specialty section:

This article was submitted to

Coronary Artery Disease,

a section of the journal

Frontiers in Cardiovascular Medicine

Received: 17 June 2021

Accepted: 17 December 2021

Published: 21 January 2022

Citation:

Yu J, Zhang J, Ni J, Shou W, Fang Y

and Fu S (2022) Outcomes Following

Percutaneous Coronary Intervention in

Saphenous Vein Grafts With and

Without Embolic Protection Devices: A

Systematic Review and Meta-Analysis.

Front. Cardiovasc. Med. 8:726579.

doi: 10.3389/fcvm.2021.726579

Outcomes Following Percutaneous
Coronary Intervention in Saphenous
Vein Grafts With and Without Embolic
Protection Devices: A Systematic
Review and Meta-Analysis
Jianhong Yu, Jianhai Zhang, Jianchao Ni, Weiqing Shou, Yuanyuan Fang and Suna Fu*

Department of Geriatrics, Affiliated Hospital of Shaoxing University, Shaoxing, China

Objective: This study aimed to review studies comparing outcomes following

percutaneous coronary intervention (PCI) in saphenous vein grafts (SVG) with and without

embolic protection devices (EPD).

Methods: Databases including PubMed Central, Cochrane Library, EMBASE, CINAHL,

MEDLINE, Google Scholar, ScienceDirect, and Scopus were searched from January

1964 to April 2021. We used the Cochrane risk of bias tool and the Newcastle Ottawa

scale to assess the quality of published studies based on study design. From the results,

we carried out a meta-analysis with a random-effects model and reported pooled odds

ratio (OR) with 95% CI.

Results: In total, 11 studies were analyzed that included 79,009 total participants. EPD

use had significantly lower odds of mortality (pooled OR= 0.69; 95%CI: 0.5–0.94). There

was no significant difference in terms of major adverse cardiovascular events (MACE)

(pooled OR = 0.83; 95% CI: 0.67–1.03), target vessel revascularization (pooled OR =

1; 95% CI: 0.95–1.05), periprocedural (pooled OR = 1.12; 95% CI: 0.65–1.9) and late

myocardial infarction (MI) (pooled OR = 0.79; 95% CI: 0.55–1.14) with or without EPD

for PCI in SVG patients.

Conclusion: Although not statistically beneficial for MACE, target vessel

revascularization, periprocedural, and late MI, EPD use does appear to significantly

reduce mortality for the patients undergoing PCI in SVG. Clinicians might consider using

EPD for such patients to reduce the burden of post-procedural morbidity and mortality.

Keywords: embolic protection devices, meta-analysis, percutaneous coronary intervention, saphenous vein graft,

systematic review

INTRODUCTION

The percutaneous coronary intervention of the saphenous vein grafts has been associated
with several periprocedural complications compared to the native vessel percutaneous coronary
intervention (PCI). This is attributed to the atheroma distal embolization from the degenerative
graft lesion leading to a no-reflow phenomenon and periprocedural myocardial infarction (MI)
(1, 2). The latest guidelines recommend using embolic protection devices (EPD) as a Class
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I indication (with the level of evidence B) for the saphenous
vein grafts (SVG) intervention whenever possible and technically
feasible for minimizing the distal embolization (3). However,
this recommendation is based on a single randomized controlled
trial (RCT), which compared distal EPD against no EPD in
SVG intervention. Several recent publications on EPD use in
SVG intervention have been found to show conflicting results
(4–7). Data utilized from a large-scale National Cardiovascular
Data Registry (NCDR—CathPCI Registry) showed no additional
benefit with the routine use of EPD during the SVG intervention
(8). The study has reported a significant association between
the use of EPD and a higher incidence of periprocedural
complications (8).

Despite modifications and the development of upgraded
versions, the use of EPD can increase the procedural time and
the complexity of the procedure (4, 8). Thus, EPD use may
be associated with procedure-related complications (9). No-
reflow and the periprocedural MI during the SVG interventions
have been declining recently. This is mainly because of potent
antiplatelet therapy use and improvement in the stents and
procedural techniques (10). Due to these conflicting findings, the
use of EPD routinely in the SVG intervention has been unclear.
As such, there is a need to systematically pool the available
evidence and provide clinically meaningful and reliable findings.
Accordingly, to clarify the matter, we conducted a systematic
review and meta-analysis comparing adverse clinical outcomes
such as all-cause mortality, major adverse cardiovascular events
(MACE), MI, and target vessel revascularization (TVR) with and
without EPD in patients undergoing SVG intervention.

METHODS

Eligibility Criteria
Type of studies: We have included parallel arm individual
randomized, quasi-randomized, or cluster RCTs, prospective or
retrospective observational studies for the current review. Only
published full-text articles or abstracts were eligible for inclusion,
while unpublished studies/gray literature were excluded.

Type of participants: Studies including patients undergoing
PCI in SVG were included.

Type of intervention: Studies reporting outcomes separately
for the use and non-use of EPD for PCI in SVG were included
in our analysis.

Type of outcome measure:

• Mortality
• TVR
• Periprocedural MI
• Late MI
• MACE

We have included studies reporting any of the above-mentioned
outcomes in both groups.

Search Strategy
We conducted a comprehensive, systematic, and extensive search
in the electronic databases including PubMed Central, Cochrane
Library, EMBASE, CINAHL, MEDLINE, Google Scholar,

ScienceDirect, and Scopus. Search terms were selected during
the protocol stage. Both medical subject headings (MeSH) and
free-text words were used to search databases. The terms used
were as follows: “Embolic Protection Devices,” “Coronary Artery
Disease,” “Percutaneous Coronary Intervention,” “Mortality,”
“Target Vessel Revascularization,” “Myocardial Infarction,”
“Saphenous Vein Graft,” “Randomized Controlled Trial,”
and “Observational Studies.” All terms were used in a variety of
combinations and search results were obtained in each individual
database. We restricted the search from January 1964 to April
2021 and only those which were published in English.

Searching Other Resources
The reference list, of primary studies, was cross-checked to find
other studies that satisfy the eligibility criteria of our review
process. Additionally, we contacted investigators of the published
studies, for clarification or supplementary information required
for the quality assessment and outcome measurement of the
included studies.

Data Collection and Analysis
Selection of Studies
Three-stage process:

1) Primary screening of title and abstract by two independent
investigators by executing the search strategy and retrieving
the full-study details.

2) Secondary screening of full study details, of obtained articles,
by two independent investigators and filtering based on
eligibility criteria of the review.

3) Final selection of studies by a third independent investigator
serving as a mediator between the previous two investigators.

Data Extraction and Management
Investigators have developed a pre-defined data extraction form,
during the protocol stage, which was used by the primary
investigator to extract the following information: study title,
authors, publication year, study design, participants, settings, the
total number of participants in each group, outcome measures,
inclusion and exclusion criteria, time of outcome assessment,
and details (see next section) necessary for assessing the quality
of studies. Extracted data were then transferred into statistical
software RevMan version 5.3 (The Cochrane Collaboration and
United Kingdom) and the entry was verified for correctness by
an independent investigator.

Risk of Bias Assessment
The risk of bias was assessed using a Newcastle Ottawa Quality
Assessment Form for observational studies under the three
domains, namely Selection, Comparability, and Outcome, and
Cochrane risk of bias tool for RCTs under the domains generation
of random sequence, allocation concealment, blinding of
participants, and outcome, incomplete outcome data, and
selective reporting of outcome (11, 12). For each of the above-
mentioned domains, the risk of bias was graded as low (if
adequate information is provided), high (if the information is
inadequate or not performed), and unclear (if the information
is missing). Studies having a score of 4 or more on the Newcastle
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Ottawa Scale (or) having low risk of bias in at least four domains
in the Cochrane risk of bias tool were considered high quality.

Statistical Analysis
Meta-analysis was executed using the software RevMan version
5.3 (Copenhagen: The Nordic Cochrane Center, The Cochrane
Collaboration, 2014). Since all the outcomes were dichotomous, a
number of events and participants in each group were entered to
obtain the pooled effect estimate in terms of odds ratio (OR). We
used a random-effects model with inverse-variance (12). In case
of missing data, the author of the included trial was contacted and
if unable to retrieve the necessary data, an imputation method
was implemented.

Assessment of Heterogeneity
Evidence of inter-study variance due to heterogeneity was
assessed through the chi-square test of heterogeneity and I2

statistics to quantify the inconsistency. The interpretations for
I2 are as follows: I2 <25% is mild, 25–75% is moderate and
more than 75% is considered as substantial heterogeneity (12).
Study-specific and pooled estimates were graphically represented
through a forest plot.

Assessment of Reporting Biases
Reporting bias was assessed by assessing if the included trial was
registered in a trial registry or the full protocol was available.
If available, a list of outcomes in the protocol was compared
with the list of outcomes mentioned in the full published trial. A
funnel plot was performed for themortality outcome only if other
outcomes did not have a requisite number of studies (<10).

Additional Analysis
Sensitivity analysis was conducted to assess the robustness of
results by removing studies one at a time and checking for
significant variation in results. Meta-regression was performed to
explore the source of heterogeneity for mortality outcome only as
other outcomes did not have a requisite number of studies (<10).

RESULTS

Selection of Studies
A total of 1,120 records were retrieved through the systematic
literature search, of which, 76 studies were relevant for full-
text retrieval. An additional four articles were obtained through
manual searching of bibliographies within the retrieved studies.
During the second screening stage, 11 studies (4–8, 13–18) with
a total of 79,009 participants met the eligibility criteria and were
included in our review (Figure 1).

Characteristics of Studies Included
Characteristics of the studies are described in Table 1. In total,
2 out of 11 studies were RCTs, while the remaining studies were
observational. The majority of the studies (8/11) were conducted
in the USA (6) and Canada (2). In total, 79,009 participants
were found in the included studies with sample sizes ranging
from 150 to 49,325. The majority of the included studies used
Filterwire and Spider as EPD. Follow-up duration ranged from 1
month to 4 years. Among the 11 included studies, all reported on

mortality, 9 studies onMACE, 7 studies on late MI and TVR, and
4 studies on periprocedural MI. All the included studies met the
high-quality criterion.

Impact of EPD on Adverse Outcomes for
PCI Patients on SVG
Mortality
In total, 11 studies have reported on the mortality outcome
among EPD and non-EPD patients. The pooled OR was 0.69
(95% CI: 0.5–0.94) (Figure 2). This indicates that the EPD
patients have a significantly lower risk of mortality compared to
those patients without EPD (p = 0.02). Moderate heterogeneity
was calculated between these studies (I2 = 57%; p= 0.01).

Sensitivity analysis was performed by excluding the NCDR
CathPCI registry study since this study had the largest sample
size compared to the rest of the studies and might skew
the final pooled estimate, determined that EPD devices were
beneficial with a pooled OR of 0.62 and a CI of 0.49–0.74 and
this association was statistically significant (p < 0.001). The
funnel plot (Supplementary Figure 1) did not show any signs of
asymmetry, indicating the absence of publication bias, which was
further confirmed by the non-significant Egger’s test (p= 0.14).

Target Vessel Revascularization
In total, 7 studies have reported on the TVR for patients
undergoing PCI on SVG in both patients with and without
EPD. The pooled OR was 1 (95% CI: 0.95–1.05), indicating no
statistically significant difference in terms of TVR for patients
with and without EPD following PCI on SVG (Figure 3).
There was no heterogeneity among the studies reporting the
revascularization outcome (I2 = 0%, p = 0.64). Sensitivity
analysis by excluding the NCDR CathPCI registry study revealed
no significant change in the pooled estimate in terms of
magnitude and direction of association (pooled OR = 0.91; 95%
CI: 0.57–1.44).

Periprocedural MI
In total, 4 studies reported on the periprocedural MI outcome
following SVG among patients with and without EPD. The
pooled ORwas 1.12 (95%CI: 0.65–1.9), indicating that there is no
statistically significant difference in periprocedural MI between
patients with and without EPD (Figure 4). There was moderate
heterogeneity between these studies (I2 = 45%; p = 0.14).
Sensitivity analysis by excluding the NCDR CathPCI registry
study revealed that there is no significant change in the pooled
estimate in terms of magnitude and direction of association
(pooled OR= 0.78; 0.41–1.49).

Late MI
In total, 7 studies reported on late MI outcomes following SVG
among patients with and without EPD. The pooled OR was
0.79 (95% CI: 0.55–1.14), indicating that there is no statistically
significant difference in late MI between patients with and
without EPD (Figure 5). There was moderate heterogeneity
between these studies (I2 = 65%; p = 0.009). Sensitivity analysis
was performed by excluding the NCDR CathPCI registry study
and found that the EPD devices were beneficial in preventing
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FIGURE 1 | PRISMA flow chart showing the selection of studies for the current review (n = 11).

late MI with pooled OR of 0.68 with a CI of 0.49–0.94 and this
association was statistically significant (p= 0.02).

Major Adverse Cardiac Events
In total, 9 studies reported on the MACE outcome following
PCI on SVG among patients with and without EPD. The pooled
OR was 0.83 (95% CI: 0.67–1.03) (Figure 6), indicating no
statistically significant association in MACE between patients
with and without EPD. There was significant evidence of
heterogeneity among studies reporting the MACE outcome (I2

= 54%, p = 0.03). Sensitivity analysis by excluding the NCDR
CathPCI registry study revealed that there is no significant
change in the pooled estimate in terms of magnitude and
direction of association (pooled OR= 0.77; 95% CI: 0.59–1.01).

DISCUSSION

Cardiovascular mortality is a major concern for patients
undergoing PCI. The risk is higher among patients without
EPD when compared to patients with EPD undergoing PCI on
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TABLE 1 | Characteristics of the included studies, N = 11.

No. References Country Study design Sample size

in EPD

group

Sample size

in non-EPD

group

EPD used Mean age (in

years)

Outcomes

assessed

Follow-up

(in

months)

Quality of

the study*

1. Baim et al. (4) USA RCT 406 395 Guardwire EPD = 68

No EPD = 69

Death, MACE, late

MI

1 High

2. Brennan et al. (8) USA NCDR CathPCI

Registry study

10,432 38,893 SpideRX (n = 640),

Spider FX (n = 558),

FilterWire EX

(n = 3,204) FilterWire

EZ (n = 6,113)

Combination (n = 23)

EPD = 75

Non-EPD = 75

Death, MACE,

periprocedural MI,

late MI, TVR

36 High

3. Dixon et al. (5) USA RCT 173 185 TRAP vascular filter

system

EPD = 69.9

No EPD = 70.4

Death, MACE, late

MI, TVR

1 High

4. Golwala et al. (6) USA Retrospective 93 71 Proxis (7%), Filterwire

(55%), Spider (35%),

Guardwire (1%)

EPD = 65.4

No EPD = 67.8

Death, MACE,

periprocedural MI,

late MI, TVR

12 High

5. Iqbal et al. (7) Canada British columbia

cardiac registry

96 1,263 Filterwire EPD = 74

Non-EPD = 73

Mortality, TVR 24 High

6. Lavi et al. (13) Canada Prospective 198 175 Not provided EPD = 70.4

No EPD = 69.4

Death, MACE,

periprocedural MI,

late MI, TVR

36 High

7. Matar et al. (14) USA Retrospective 108 94 Not provided EPD = 69

No EPD = 68

Death, MACE, late

MI, TVR

1 High

8. Sadr-Ameli et al. (15) Iran Prospective 22 128 Not provided EPD = 63.2

No EPD = 62.5

Death, MACE,

periprocedural MI,

late MI, TVR

6 High

9. Shoaib et al. (17) UK Retrospective 2,912 17,730 Spider (45%)

Filterwire (41%)

EPD = 71

No EPD = 69

Death and MACE 48 High

10. Valle et al. (18) USA Retrospective 2,281 2,401 Filterwire EPD = 69.2

No EPD = 69.3

Death 1 High

11. Wańha et al. (16) Poland Multicenter

registry

190 602 Spider FXTM (50%),

FilterWire EZ (29%),

EmboShield® (8%),

Defender (7%), RX

Accunet (3%), Proxis

(3%)

EPD = 70

No EPD = 69

Death, MACE, late

MI, TVR

12 High

NA, not available; RCT, randomized controlled trial; USA, United States of America; UK, United Kingdom; EPD, embolic protection devices; MACE, major adverse cardiac event; MI,

myocardial infarction; *indicate the use of Newcastle Ottawa scale for quality assessment.

SVG (8). However, it is unclear whether EPD can negate this
impact and lead to more favorable outcomes. Hence, there is a
need for a comprehensive assessment of the impact of EPD on
adverse outcomes. This review was conducted with the objective
of comparing adverse outcomes in terms of mortality, TVR,
periprocedural MI, late MI, andMACE between the patients with
and without EPD undergoing PCI on SVG. The most recent data
to date was used in conducting this review.

Mortality (pooled OR = 0.69; 95% CI: 0.5–0.94) has been
found to be significantly lower among patients with EPD
compared to non-EPD patients undergoing PCI on SVG. In
addition, sensitivity analysis by excluding the NCDR CathPCI
registry study has revealed that the EPD is beneficial in
preventing late MI, showing a statistically significant association.
Compared with the current study, previous reviews on the impact
of EPD on patients undergoing post-PCI SVG revealed similar
statistically significant estimates for all the adverse outcomes.
There is a variation in the estimates provided by the sensitivity

analysis as the current review found EPD beneficial in late
MI, while previous reviews found MACE to be beneficial. The
possible reason for this discrepancy could be the addition of
newer pieces of evidence in our review, skewing the pooled
estimate in a different direction. It is surprising to find that
EPD is beneficial in reducing mortality, while it is not beneficial
to modify the periprocedural MI. EPDs are meant to avoid
distal embolization and thereby avoid periprocedural MI. It is
mechanistically not possible that the late MIs are reduced by the
use of EPD, while the acute periprocedural MI is not prevented.
One possible explanation could be that EPD users are generally
more thoughtful, take their time in the laboratory to provide
quality care without being in a hurry, compliant with all other
guidelines (antiplatelet, statins, etc). Still, these findings might
be affected by the methodological part of each individual study,
sample size, power, and several other statistical factors. It is
important to performmore comprehensive trials to find the exact
benefit of the EPD following PCI on patients undergoing SVG.
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FIGURE 2 | Forest plot showing the difference in mortality between patients with and without embolic protection devices (EPD) following percutaneous coronary

intervention (PCI) on saphenous vein grafts (SVG) (n = 11).

FIGURE 3 | Forest plot showing the difference in target vessel revascularization (TVR) between patients with and without EPD following PCI on SVG (n = 7).

FIGURE 4 | Forest plot showing the difference in periprocedural myocardial infarction (MI) between patients with and without EPD following PCI on SVG (n = 4).

This study identified the benefit of EPD on patients
undergoing PCI surgery using SVG. Therefore, it is reasonable to
suggest that clinicians should consider the possible use of EPD to
avoid adverse complications. The use of this technique has some

limitations. Pieces of evidence have suggested that women, post-
challenge high blood glucose, insulin resistance, and vulnerability
to coronary plaque may cause adverse outcomes following PCI
(19–22). EPD utilization has been very limited in the earlier trials.
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FIGURE 5 | Forest plot showing the difference in late MI between patients with and without EPD following PCI on SVG (n = 7).

FIGURE 6 | Forest plot showing the difference in major adverse cardiovascular events (MACE) between patients with and without EPD.

It has evolved with an improved safety profile when using such
devices, and it later became a standard of care in routine clinical
practice. It should be used with caution as the EPD (especially
proximal EPD) suffers from certain limitations such as landing
zone restriction, incomplete apposition of the vessel wall, and
new aspiration catheters to treat no re-flow (23). To overcome
such limitations, several technological advancements have been
made such as drug-eluting stents (DES), pharmacology of
PCI procedures, advanced procedural techniques, intravascular
imaging, etc (24, 25). These techniques and procedures might
finallymitigate the benefits of EPD on the saphenous venous graft
PCI results. Till comprehensive pieces of evidence are generated
on these newer advancements, they cannot fully replace EPD in
routine clinical practice.

Our results should be interpreted with caution and inferred
accordingly, considering the difference in methods and
quality across included studies. In our analysis, we found
significant inter-study variability (significant chi-square test
for heterogeneity and moderate to high I2 statistics) for
most outcomes except TVR and peri-procedural MI. The
reason for such high heterogeneity in outcomes can be

attributed to the methodological differences between the
included studies.

This study increases the knowledge on the impact of EPD on
the adverse outcomes post-PCI on patients undergoing SVG. We
are aware of the limitations in our review. We included both
RCTs and observational studies in our review. The inclusion of
these mixed study designs makes it difficult to infer the causal
associations between the exposure and outcomes. More RCTs
with larger sample sizes are necessary to gather more credible
evidence. We could not perform a funnel plot to assess the
publication bias for all the outcomes except mortality due to the
limitation in the number of studies. Finally, most of the studies
included in our review were conducted in high-income countries,
which may limit the generalizability of our findings to other
geographical regions.

Despite all these limitations, our study has several important
implications for clinicians during routine practice. The use
of EPD may have a positive impact on cardiovascular
outcomes, especially amongst patients undergoing post-PCI
SVG. Previously, there was inconsistency around EPD impact
given mixed reports by previous studies. Our study clarifies this
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inconsistency and provided a reliable pooled estimate. More
longitudinal research studies are required for accurately assessing
the impact of EPD following PCI on patients undergoing SVG.
Future studies should focus on how these interventions will
perform with pre-medications like Nipride, Nicardipine, or dual
antiplatelet therapy, as early administration of these drugs has
been shown to improve the clinical outcomes of the patients
undergoing PCI (26). Nonetheless, it is reasonable to utilize the
EPDs in cases where device placement can be considered safe
and feasible unless a new trial demonstrates convincing evidence
saying that the EPDs are not at all beneficial.
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