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Abstract

Background: Neurologic complications after coronary
artery bypass grafting continue to be among the most dev-
astating complications. The goal of coronary artery bypass
grafting, which is performed utilizing off-pump techniques
on a beating heart, was to reduce this risk. The purpose
of the study was to assess the neurologic complications
rate following aortic manipulation after off-pump coronary
artery bypass grafting. Methods: Dichotomous random or
fixed effect models generated the odds ratio (OR) and mean
difference (MD) with 95% confidence intervals (CIs) based
on the study of the meta-analysis data. 28 papers, with
a total of 823,972 patients, were available between 2002
and 2021 and were comprised in this meta-analysis. Re-
sults: Aortic manipulation was much less likely to cause
a stroke in people with off-pump coronary artery bypass
grafting (OR, 0.58; 95% CI, 0.44–0.77; p < 0.001) than
non-aortic manipulation. However, no significant differ-
ence was found between aortic manipulation and non-aortic
manipulation in all-cause mortality (OR, 0.84; 95% CI,
0.69–1.02, p = 0.08), acute renal failure (OR, 0.86; 95%
CI, 0.69–1.08, p = 0.20), atrial fibrillation (OR, 0.67; 95%
CI, 0.21–2.15, p = 0.50), myocardial infarction (OR, 0.75;
95% CI, 0.56–1.01, p = 0.06), respiratory complications
(OR, 0.64; 95% CI, 0.40–1.03, p = 0.07), reoperation for
bleeding (OR, 0.89; 95% CI, 0.57–1.38, p = 0.59), and me-
diastinitis (OR, 0.77; 95% CI, 0.46–1.28, p = 0.31) in sub-
jects with off-pump coronary artery bypass grafting. Con-
clusions: The present evaluation showed that using aortic
manipulation resulted in a significantly lower rate of stroke
occurence; however, no significant difference was found
in all-cause mortality, acute renal failure, atrial fibrillation,
myocardial infarction, respiratory complications, reopera-
tion for bleeding, and mediastinitis compared to non-aortic
manipulation in subjects with off-pump coronary artery by-
pass grafting. However, given that some comparisons com-
prised a small number of studies, attention ought to be given
to their values.
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Introduction

Neurological issues are still among the most severe
side effects following coronary artery bypass grafting. This
danger was intended to be decreased by coronary artery by-
pass grafting, which is done on a beating heart using off-
pump procedures. However, a new meta-analysis that com-
pared on-pump coronary artery bypass grafting to beating
heart with off-pump techniques did not find a statistically
significant lower risk of stroke in patients who underwent
beating heart with off-pump techniques [1]. Alternatively,
this is sometimes called beating heart surgery. Off-pump
coronary artery bypass grafting is a procedure surgeons use
to restore blood flow to the coronary arteries. The surgeon
takes an artery or a vein from another place in the body and
then uses the vessel to bypass the blocked part of the ves-
sel and restore normal blood flow to the heart. The health-
care provider may plan the surgery in advance or the patient
might need it in an emergency if a vessel suddenly becomes
blocked. This discovery aligns with an American Heart As-
sociation scientific statement stating that no conclusive an-
swer is available about the optimal surgical method in terms
of neurologic prognosis [2]. The risk of neurologic prob-
lems can be decreased using anaortic (or no-touch) proce-
dure to beat the heart using off-pump techniques, leaving
the ascending aorta unaltered [3]. The project’s goal was
to find and collect information about neurologic compli-
cations that happened after heart surgery using off-pump
techniques to find out what the baseline risk is and whether
anaortic heart surgery using off-pump techniques lowers
that risk even more. This article attempts to provide a com-
prehensive review of papers that have evaluated aortic ma-
nipulation during off-pump coronary artery bypass grafting
evaluation.
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Fig. 1. Flow diagram showing the study selection process.

Methods

Literature Search Strategy

The meta-analyses were estimated and combined with
the epidemiological statement using a predefined proce-
dure. Several databases, including Cochrane Library,
PubMed, OVID, Google Scholar, and Embase, were ac-
cessed to gather and analyze the data. These datasets were
used to compare the rate of neurological complications after
aortic manipulation following coronary artery bypass graft-
ing.

In this research, the main consequence of the inclu-
sion parameter was analyzed. Language obstacles were not
considered during the inclusion of research or the screen-
ing process for potential participants. There were no re-
strictions on the quantity of patients that could be found for
the research. Since letters, reviews, and editorials do not
present a position in the meta-analysis, we did not include
these. Fig. 1 illustrates the complete inspection identifica-
tion process.

Eligibility Criteria

The neurologic complications rate following aortic
manipulation after off-pump coronary artery bypass graft-
ing was studied. Only studies that reported how interven-
tions influenced the incidence of different clinical results
were included in the sensitivity analysis. Associating the
numerous subtypes with the interference groups enabled the
implementation of subclass and sensitivity analyses.

Fig. 1 is a representation of the overall study design.
When the inclusion criteria were satisfied, the literature was
incorporated into the study:

(1) The research was retrospective and prospective.
(2) Subjects with off-pump coronary artery bypass

grafting were the investigated selected subjects.
(3) The interference incorporated aortic manipulation.
(4) The study reported neurologic complication rates

following aortic manipulation after off-pump coronary
artery bypass grafting.

Non-comparative study designs were excluded.

Data Extraction

A protocol of search algorithms was established and
specified by the PICOS principle [4] which states: P (pop-
ulation): Subjects with off-pump coronary artery bypass

Heart Surgery Forum E97

https://journal.hsforum.com/


Fig. 2. A forest plot showing the effect of aortic manipulation compared to non-aortic manipulation on stroke in subjects with
off-pump coronary artery bypass grafting.

Fig. 3. A forest plot showing the effect of aortic manipulation compared to non-aortic manipulation on all-cause mortality in
subjects with off-pump coronary artery bypass grafting.

E98 Heart Surgery Forum

https://journal.hsforum.com/


Table 1. Database Search Strategy for inclusion of studies.
Database Search strategy

Google Scholar #1 “off-pump coronary artery bypass grafting” OR “stroke”
#2 “acute renal failure” OR “aortic manipulation” OR “all-causemortality” OR “neu-
rologic complications”
#3 #1 AND #2

Embase #1 “off-pump coronary artery bypass grafting”/exp OR “stroke”/exp OR “all-cause
mortality”
#2 “acute renal failure”/exp OR “aortic manipulation”/exp OR “neurologic compli-
cations”
#3 #1 AND #2

Cochrane Library #1 (off-pump coronary artery bypass grafting):ti,ab,kwOR (stroke):ti,ab,kwOR (all-
cause mortality):ti,ab,kw (Word variations have been searched)
#2 (acute renal failure): ti,ab,kw OR (aortic manipulation):ti,ab,kw OR (neurologic
complications):ti,ab,kw (Word variations have been searched)
#3 #1 AND #2

PubMed #1 “off-pump coronary artery bypass grafting” [MeSH] OR “stroke” [MeSH] OR
“all-cause mortality” [All Fields]
#2 “acute renal failure” [MeSH Terms] OR “aortic manipulation” [MeSH] OR “neu-
rologic complications” [All Fields]
#3 #1 AND #2

OVID #1 “off-pump coronary artery bypass grafting” [All Fields] OR “stroke” [All Fields]
OR “all-cause mortality” [All Fields]
#2 “acute renal failure” [All fields] OR “aortic manipulation” [All Fields] or “neu-
rologic complications” [All Fields]
#3 #1 AND #2

Fig. 4. A forest plot showing the effect of aortic manipulation compared to non-aortic manipulation on acute renal failure in
subjects with off-pump coronary artery bypass grafting.

grafting; aortic manipulation was the “interference” or “ex-
posure”; C (comparison): the comparison among aortic ma-
nipulation and non-aortic manipulation. O (outcome): dif-
ferent clinical results; S (study design): the planned eval-
uation was unlimited [5]. Using the keywords in Table 1,
we led a thorough exploration of the applicable databases

through to August 2024. Assessments were conducted on
all the articles which contained the relevant details to be
included in a reference management program, comprising
the author, titles, and abstracts. Moreover, two authors as-
sessed publications to detect appropriate tests [6].
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Fig. 5. A forest plot showing the effect of aortic manipulation compared to non-aortic manipulation on atrial fibrillation in
subjects with off-pump coronary artery bypass grafting.

Fig. 6. A forest plot showing the effect of aortic manipulation compared to non-aortic manipulation on myocardial infarction in
subjects with off-pump coronary artery bypass grafting.

Fig. 7. A forest plot showing the effect of aortic manipulation compared to non-aortic manipulation on respiratory complication
in subjects with off-pump coronary artery bypass grafting.

Critical Appraisal

The investigation was given in a regular format, along
with each of its component features. The first author’s last
name, the study’s date, the country in which the study was

taking place, femininity, type of population that was em-
ployed for meta-analysis, total number of subjects, clini-
cal and treatment characteristics, demographic information,
and qualitative and quantitative evaluation methods were
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Table 2. Characteristics of studies.
Study Country Total With aortic manipulation Without aortic manipulation Study type

Calafiore, 2002 [12] Italy 1993 1533 460 Retrospective
Kim, 2002 [13] South Korea 345 222 123 Retrospective
Patel, 2002 [14] UK 1117 597 520 Prospective
Bucerius, 2003 [15] Germany 1842 1077 765 Retrospective
Leacche, 2003 [16] Canada 640 84 556 Prospective
Kapetanakis, 2004 [17] USA 3003 476 2527 Prospective
Lev-Ran, 2005 [18] Palestine 700 429 271 Retrospective
Boova, 2006 [19] USA 197 137 60 Prospective
Vallely, 2008 [20] Australia 1758 1201 557 Prospective
Manabe, 2009 [21] Japan 426 241 185 Retrospective
Misfeld, 2010 [22] Australia 1946 1346 600 Prospective
Emmert, 2011 [23] Switzerland 4314 2203 2111 Retrospective
Pawlaczyk, 2011 [24] Poland 632 499 133 Prospective
Chawla, 2012 [25] USA 742,909 158,561 584,348 Retrospective
Diegeler, 2013 [26] Germany 2370 1179 1191 Prospective
Matsuura, 2013 [27] Japan 336 72 264 Retrospective
Kim, 2014 [28] South Korea 5203 2333 2870 Prospective
Arrigoni, 2015 [29] Netherlands 1301 398 903 Prospective
Moss, 2015 [30] USA 8978 2529 6449 Retrospective
Lamy, 2016 [31] Canada 4752 2375 2377 Prospective
Hussain, 2016 [32] Pakistan 300 150 150 Retrospective
Bassano, 2016 [33] Italy 366 223 143 Prospective
Albert, 2018 [34] Germany 13,279 4485 8794 Retrospective
Formica, 2018 [35] Italy 645 282 363 Prospective
Dominici, 2019 [36] UK 414 119 295 Retrospective
Lorusso, 2019 [37] Italy 8262 4131 4131 Retrospective
Kowalewski, 2020 [38] Muti-centers 7913 4232 3681 Retrospective
Saito, 2021 [39] Japan 10,024 5012 5012 Retrospective

Total 823,972 194,593 629,379

Fig. 8. A forest plot showing the effect of aortic manipulation compared to non-aortic manipulation on reoperation for bleeding
in subjects with off-pump coronary artery bypass grafting.

some criteria applied to decrease the data [7]. Two authors
looked into the opportunity for bias in the studies and the
standard of approaches utilized in papers selected for sup-
plementary analysis. The two authors conducted unbiased
reviews of techniques used for each test [8].

Statistical Analysis

In this meta-analysis, the odds ratio (OR), and mean
difference (MD) with a 95% confidence interval (CI) were
estimated utilizing dichotomous random- or fixed-effect
models [4]. The calculated I2 index has a range of 0 to 100
and is expressed as a percentage [7]. Higher I2 values sig-
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Fig. 9. A forest plot showing the effect of aortic manipulation compared to non-aortic manipulation on mediastinitis in subjects
with off-pump coronary artery bypass grafting.

nify increased heterogeneity, whilst lower I2 values signify
decreased heterogeneity. If I2 was 50% or above, the ran-
dom effect was selected; otherwise, a fixed effect was cho-
sen [9]. The first study’s consequences were classified as a
component of the subcategory analysis. Bias was measured
using Egger’s tests utilized for quantitative analysis, and it
was considered to exist if p > 0.05 [10,11]. p-values were
calculated by a two-tailed approach. With ReviewManager
5.4 (The Nordic Cochrane Centre, the Cochrane Collabora-
tion, Copenhagen, Denmark), graphs and statistical analy-
ses were created.

Results

After examining 1896 relevant publications, 28 re-
search papers published between 2002 and 2021 that met
the eligibility criteria were included in this systematic re-
view [12–39].

Table 2 (Ref. [12–39]) summarises the findings of
these studies. 823,972 patients were included.

Aortic manipulation had significantly lower stroke
risk (OR, 0.58; 95% CI, 0.44–0.77, p < 0.001) with mod-
erate heterogeneity (I2 = 61%) compared to non-aortic ma-
nipulation in subjects with off-pump coronary artery bypass
grafting, as shown in Fig. 2.

However, no significant differencewas found between
aortic manipulation and non-aortic manipulation in all-
cause mortality (OR, 0.84; 95% CI, 0.69–1.02, p = 0.08)
with high heterogeneity (I2 = 85%), acute renal failure (OR,
0.86; 95% CI, 0.69–1.08, p = 0.20) with high heterogeneity
(I2 = 77%), atrial fibrillation (OR, 0.67; 95%CI, 0.21–2.15,
p = 0.50) with high heterogeneity (I2 = 100%), myocardial
infarction (OR, 0.75; 95% CI, 0.56–1.01, p = 0.06) with
moderate heterogeneity (I2 = 64%), respiratory complica-
tions (OR, 0.64; 95% CI, 0.40–1.03, p = 0.07) with moder-
ate heterogeneity (I2 = 65%), reoperation for bleeding (OR,
0.89; 95% CI, 0.57–1.38, p = 0.59) with moderate hetero-
geneity (I2 = 72%), and mediastinitis (OR, 0.77; 95% CI,
0.46–1.28, p = 0.31) with no heterogeneity (I2 = 0%) in
subjects with off-pump coronary artery bypass grafting, as
shown in Figs. 3,4,5,6,7,8,9.

The quantitative Egger regression test and the visual
interpretation of the forest plot showing the effect of aortic
manipulation revealed no indication of investigation bias (p
= 0.88). It was shown that the mainstream pertinent exams
had poor practical quality and were biased in their selective
reporting.

Discussion

After coronary artery bypass grafting, neurologic
problems are still a major concern. They may be linked to
higher rates of death and morbidity, which would lengthen
hospital stays and raise expenses [40–51]. Novel ap-
proaches to lower this risk include surgical or interven-
tional methods including off-pump methods. When com-
pared to on-pump coronary artery bypass grafting tech-
niques, off-pump approaches have not demonstrated a dis-
cernible advantage in terms of reduced neurologic seque-
lae [52–54]. Furthermore, patients receiving conventional
coronary artery bypass grafting appear to have a higher in-
cidence of stroke than patients undergoing percutaneous
coronary procedures [55,56]. The coronary artery bypass
grafting group had a 1.6% higher incidence of stroke than
the percutaneous coronary intervention group, according to
data from the historic SYNTAX trial report [57]. While the
SYNTAX trial’s follow-up period (up to a year) was greater
than that of any other research in our meta-analysis, our
analysis included two studies with over a thousand cases
of anaortic off-pump procedures. A stroke rate of less than
0.3% was reported by them [12,20] This implies that the
stroke rate could be reduced with an anaortic off-pump ap-
proach to that of the Syntax trial’s percutaneous coronary
intervention group; however, longer-term follow-up is re-
quired in further trials to test this theory. Since atheroscle-
rosis of the ascending aorta is the single greatest risk fac-
tor for stroke, it is well established that aortic manipula-
tion during coronary artery bypass grafting raises the risk
of neurologic problems [58]. To address this issue, novel
approaches to surgical revascularization methods might be
required. Avoiding aortic procedures (cannulation, cross-
lamping, declamping, and partial clamping) that are known
to induce embolism, anaortic or no-touch techniques, when
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performed without aortic manipulation, may considerably
enhance neurologic prognosis [59]. The aorta is impacted
by the shift in heart position to some extent, which could
be the reason for some of the neurological issues. Reduc-
ing aortic manipulation alone may not prevent neurologic
problems, as the cause of strokes in 3% of individuals after
coronary artery bypass grafting is known to be multifacto-
rial [51]. Nonetheless, aortic manipulation is a major factor
in the pathogenic process of postoperative stroke. It also
has to be investigated if there is a connection between a
subsequent stroke and the kind or extent of aortic manipu-
lation used during off-pump method operations. Theoret-
ically, proximal anastomotic devices that eliminate the re-
quirement for anaortic cannulation or side clamps may be
less stressful and thus result in fewer emboli than side or
cross clamp usage. This is significant because, in certain
cases of hemodynamic instability, the proximal bypass graft
anastomosis may need to be performed on-pump while the
patient’s heart is still beating, thereby avoiding the neces-
sity of a side clamp. Furthermore, we think that a prospec-
tive, multicenter, randomized research study should be con-
ducted to examine the effects of anaortic manipulation and
anaortic off-pump procedures on neurologic and cognitive
function [60,61].

Limitations

Given that several of the research studies selected for
the meta-analysis were not included, assortment bias may
have occurred. However, the excluded studies did not meet
the necessary standards to be incorporated into the meta-
analysis. Moreover, we lacked the information necessary to
conclude if certain features e.g., race, gender, and age had
an impact on the values. The poor quality of included stud-
ies, heterogeneity, and publication bias are parts of the limi-
tations of this meta-analysis. Bias may have been increased
as a result of incomplete or erroneous data from earlier stud-
ies being included. Age, gender, race, and nutritional status
of the subjects were likely sources of bias. Unintentionally
skewed values could be the result of incomplete data and
unpublished research.

This meta-analysis assesses the neurologic compli-
cations rate following aortic manipulation after off-pump
coronary artery bypass grafting. More investigation is still
needed to clarify these probable associates of the results
under discussion. More homogeneous and larger samples
are obligatory for this investigation. This was emphasized
in a previous work that employed a related meta-analysis
technique and initiated similar advantageous outcomes for
aortic manipulation. Because the present meta-analysis was
unable to define whether differences in age and ethnicity are
connected to the outcomes, well-led randomised controlled
trials are required to assess these factors and the mixture
of variable ethnicities, genders, ages, and other variants of
patients.

Conclusions

The data that was evaluated showed that using aortic
manipulation had a significantly lower stroke risk, however,
no significant difference was found in terms of all-cause
mortality, acute renal failure, atrial fibrillation, myocardial
infarction, respiratory complication, reoperation for bleed-
ing, and mediastinitis compared to non-aortic-manipulation
in subjects with off-pump coronary artery bypass grafting.
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