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Background-—Off-pump coronary artery bypass (OPCAB) has been shown to reduce the risk of neurologic complications as
compared to coronary artery bypass grafting performed with cardiopulmonary bypass. Side-clamping of the aorta while
constructing proximal anastomoses, however, still carries substantial risk of cerebral embolization. We aimed to perform a
comprehensive meta-analysis of studies assessing 2 clampless techniques: aortic “no-touch” and proximal anastomosis devices
(PAD) for OPCAB.

Methods and Results-—PubMed, CINAHL, CENTRAL, and Google Scholar databases were screened for randomized controlled trials
and observational studies comparing “no-touch” and/or PAD with side-clamp OPCAB and reporting short-term (≤30 days)
outcomes: cerebrovascular accident and all-cause mortality. A total of 18 studies (3 randomized controlled trials) enrolling 25 163
patients were included. Aortic “no-touch” was associated with statistically lower risk of cerebrovascular accident as compared to
side-clamp OPCAB: risk ratio 95% CI: 0.41 (0.27–0.61); P<0.01; I2=0%. Event rates were 0.36% and 1.28% for “no-touch” and side-
clamp OPCAB, respectively. No difference was seen between PAD and side-clamp OPCAB: 0.71 (0.33–1.55); P=0.39; I2=39%.
A trend towards increased 30-day all-cause mortality with PAD and no difference with “no-touch” were observed when compared to
side-clamp OPCAB. In a subset analysis, “no-touch” consistently reduced the risk of cerebrovascular accident regardless of
patients’ baseline risk characteristics. A benefit with PAD was observed in low-risk patients.

Conclusions-—Aortic “no-touch” technique was associated with nearly 60% lower risk of postoperative cerebrovascular events as
compared to conventional side-clamp OPCAB with effect consistent across patients at different risk. ( J Am Heart Assoc. 2016;5:
e002802 doi: 10.1161/JAHA.115.002802)
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C oronary artery bypass grafting (CABG) is associated with
reduction of mortality and remains a standard of care in

patients with extensive coronary artery disease as compared
to percutaneous coronary intervention (PCI) and medical
treatment alone.1–3 CABG with the use of cardiopulmonary
bypass is recognized as the “gold standard” technique in

terms of safety and effectives for surgical myocardial
revascularization. A further effort in minimizing the occur-
rence of some complications related to conventional CABG
has led to the development of off-pump coronary artery
bypass (OPCAB) technique in which the anastomoses are
performed on the beating heart.4 The benefit of OPCAB to
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reduce the risk for stroke is controversial, with single
randomized controlled trials (RCTs) showing no difference as
compared to on-pump CABG surgery. In a recently available
meta-analysis of 100 RCTs, however, OPCAB was demon-
strated to be associated with statistically lower risk of stroke
as compared to conventional CABG with cardiopulmonary
bypass (odds ratio [95% CI]: 0.72 [0.56–0.92]; P=0.009).
While pooled results showed no differences between 2
approaches in regard to all-cause mortality and myocardial
infarction, by meta-regression, the benefits of OPCAB were
significantly related to patients risk profile, with advantage
arising in a high-risk population.5

In the majority of cases, OPCAB still requires partial
clamping of the aorta in order to construct proximal
anastomoses (ie, using saphenous vein grafts). In patients
with heavily calcified or “porcelain” aorta, however, this
approach is contraindicated and other measures are sought
for complete myocardial revascularization. Two techniques of
OPCAB that obviate the need for partial clamping have been
extensively tested in a clinical setting: (1) Aortic “no-touch,” in
which double internal mammary artery (in situ grafts) and/or
composite grafts (saphenous vein or free radial artery
anastomosed end-to-side [in “T” or “Y” fashion] to internal
mammary artery bypass graft) are used for revascularization.
(2) Proximal anastomotic devices (PAD) that allow construc-
tion of anastomosis (either automatic or hand-sewn) to the
ascending aorta with a graft vessel “loaded” on the device’s
delivery system. Because of the limited number of RCTs that
are underpowered for hard clinical end points, we aimed to
perform a most updated and comprehensive meta-analysis of
RCTs and observational data to further corroborate the
obtained results.

Methods

Data Sources and Search Strategy
Established methods were used in compliance with the
PRISMA statement for reporting systematic reviews and meta-
analyses in healthcare interventions.6 PubMed, CINAHL, the
Cochrane Register of Controlled Clinical Trials (CENTRAL), and
Google Scholar databases were screened for published
randomized and observational studies comparing aortic “no-
touch” OPCAB and/or OPCAB with PAD against conventional
OPCAB employing partial clamping of the aorta. Search terms
were: “OPCAB,” “OPCABG,” “no-touch,” “anaortic,” “clamp-
less”, “in-situ graft*”, “with* aortic manipulation”, “proximal
anastomosis/anastomotic device”, “facilitated anastom*”,
“Heartstring”, “Enclose”, “Symmetry”, “PAS-Port”, “random*”,
“trial”, “study”. No language restrictions were imposed. Both
blinded and open-label trials were considered eligible.
Databases were searched until July 2015. The most updated

or inclusive data for each study were used for abstraction.
References of original and review articles were cross-checked.

Selection Criteria and Quality Assessment
Citations were screened at title/abstract level and retrieved
as full reports if they fulfilled the inclusion criteria: (1) human
studies; (2) RCTs or observational studies with control group;
(3) studies comparing clampless “no-touch”and/or OPCAB
with PAD versus conventional side-clamp OPCAB. Exclusion
criteria were (1) cohort studies without control group; (2)
studies (or arms) comparing OPCAB versus CABG with
cardiopulmonary bypass; (3) studies comparing alone clam-
pless “no-touch” versus OPCAB with PAD; (4) follow-up of the
study not pertinent to the design of the meta-analysis. Two
independent reviewers (M.K. and W.P.) selected the studies
for the inclusion, extracted studies and patients characteris-
tics of interest and relevant outcomes; divergences were
resolved by consensus after discussion with a third reviewer
(L.A.). Three authors (M.K., W.P., and G.M.R.) independently
assessed the trials’ eligibility and risk of bias. The bias risk for
RCTs was assessed using the components recommended by
the Cochrane Collaboration (ie, random sequence generation
and random allocation; allocation concealment; blinding of
participants, personnel, and outcome assessors; incomplete
outcome data; selective outcome reporting, and other sources
of bias).7 Quality of observational studies was appraised with
Newcastle–Ottawa Scale, a tool used for assessing the bias
(the selection of the study groups; the comparability of the
groups; and the ascertainment of either the exposure or
outcome of interest) in case–control and cohort studies
included in a systematic review and/or meta-analyses.8

Outcome Measure
Primary end point was the incidence of cerebrovascular
accident (CVA) at <30 days after CABG, analysis of all-cause
mortality was performed as well. Study definitions as per
CVAs were applied.

Statistical Analysis
Data were analyzed according to the intention-to-treat
principle. Risk ratios (RRs) and 95% CIs were used as
summary statistics. Heterogeneity was assessed by Cochran
Q test. Potential publication bias was examined for the
primary end point by constructing a “funnel plot” in which the
SE of the log RR was plotted against the RR. The asymmetry
of the plot was estimated both visually and by a linear
regression approach.9 The influence of each study and
potential publication bias were addressed by testing whether
deleting each study in turn would have changed significantly
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the pooled results of the meta-analysis for the primary end
point. Studies were analyzed separately in 2 subsets: (1)
aortic “no-touch” versus conventional side-clamp OPCAB, and
(2) OPCAB with PAD versus conventional side-clamp OPCAB
in a random-effects model as a more conservative approach
for observational data accounting for between- and within-
study variability.10 Furthermore, an attempt was made to
explore the possible relationship between age, sex, history of
cerebrovascular accident (CVA), type 2 diabetes, kidney
disease, urgency of the surgery and baseline left ventricular
ejection fraction, and occurrence of primary end point.
Depending on availability of the data, studies in the “no-
touch” versus conventional OPCAB and the PAD versus
conventional OPCAB analyses were separately dichotomized
by these characteristics. The cutoff points were made so as to
have equal, or nearly equal, numbers of studies on each side
of the dichotomy: mean age (cutoff 65 years of age);
percentage of men (cutoff 73–75%); history of CVA (cutoff
8%); type 2 diabetes mellitus (cutoff 40%); chronic kidney
disease (cutoff 4–5%); nonelective cases (cutoff 20–25%); and
left ventricular ejection fraction (cutoff 55%). Pooled RRs were
obtained for each subset of studies, and combined in a
random-effect meta-analysis. Finally, in a sensitivity analysis
for primary end point, we excluded studies not reporting
diagnostic criteria for CVA. Review Manager V.5.1 (The Nordic

Cochrane Centre, Kobenhavn, Denmark) was used for statis-
tical computations. A P value <0.05 was considered statis-
tically significant, and reported as 2-sided.

Results
The process of study selection is shown in the analysis flow
diagram (Figure 1). All published studies were retrieved as full
texts. Baseline characteristics of included studies, patient
demographics, number of distal anastomoses, and PADs used
are listed in Table 1. A total of 18 studies11–28 (among them 3
RCTs24,26,27) comprising 25 163 patients met the inclusion
criteria and entered the final analysis. Patients were divided
into 3 groups: (1) aortic “no-touch”—8291 patients; (2) PAD
—3192 patients; and (3) side-clamp OPCAB—13 680
patients, respectively. Three of the included studies12,17,20

compared all 3 OPCAB techniques. Analysis of potential
sources of bias is available in Table 2.

Primary End Point
All 18 studies reported the incidence of primary end point of
30-day CVA. The definitions applied varied across included
studies and are outlined in Table 3. No signs of publication
bias, as examined by visual inspection of the “funnel plot,”

Figure 1. Flow diagram of the review process according to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) statement. CABG indicates coronary artery bypass grafting; PAD,
proximal anastomosis device.
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were observed (Figure 2). Aortic no-touch technique was
associated with a significant, nearly 60% CVA risk reduction
as compared to side-clamp OPCAB: RR (95% CI): 0.41 (0.27–
0.61); P<0.01; I2=0%. The corresponding event rates were
0.36% (30/8291) and 1.28% (172/13 442) for “no-touch”
and side-clamp OPCAB, respectively. No significant differ-
ences were seen between PAD and side-clamp OPCAB with
respect to CVA: RR (95% CI): 0.71 (0.33–1.55); P=0.39;
I2=39%. The respective event rates were 1.00% (32/3192)
and 1.41% (106/7495). Pooled incidence of 30-day CVA in
the clampless- and side-clamp OPCAB was 0.54% (62/
11 483) and 1.30% (178/13 680), respectively (Figure 3).

All-Cause Mortality
Thirteen studies (N=22 725) reported the incidence of 30-day
all-cause mortality. No difference between the 2 techniques

was observed in the comparison: “no-touch” versus side-
clamp OPCAB: RR (95% CI): 0.90 (0.66–1.22); P=0.49; I2=0%.
The respective event rates were 1.19% (77/6494) for “no-
touch”- and 1.29% (166/12 910) for side-clamp OPCAB. A
borderline significant increase of the risk of all-cause mortality
was observed with PAD as compared to side-clamp OPCAB:
RR (95% CI): 1.46 (1.00–2.13); P=0.05; I2=0%. The corre-
sponding mortality rates ranged from 1.03% (77/7442) in the
side-clamp- to 1.69% (53/3136) in the PAD OPCAB sub-
groups. Pooled rates of all-cause mortality in clampless- and
side-clamp OPCAB were 1.35% (130/9630) and 1.29% (169/
13 095), respectively (Figure 4).

Sensitivity Analysis
In a prespecified sensitivity analysis, calculations repeated for
the primary end point stratified by patients’ baseline

Table 2. Bias Assessment

Cochrane Tool for Bias Assessment in Randomized Controlled Trials

Study
Random
Sequence

Allocation
Concealment

Participants and
Personnel Blinding

Blinding of
Outcome
Assessment

Incomplete
Outcome Data

Selective
Reporting Other Biases

Biancari24 + + � � � + +

El Zayat26 + + � � + + +

Kempfert27 + � � � + + +

Newcastle–Ottawa Scale of Bias Risk for Observational Studies

Study

Adequacy of Selection

Comparability

Outcomes Assessment

Representativeness
of the Exposed
Cohort

Selection of the
Nonexposed Cohort

Ascertainment
of Exposure

Assessment
of Outcomes

Follow-Up Period
Long Enough for
Outcome to Occur

Adequacy of
Follow-Up Period
Among Cohorts

Calafiore11 ** ** ** * *** *** ***

Emmert12 *** ** ** *** *** ** ***

Kapetanakis13 *** ** *** * *** *** ***

Kim14 *** ** *** *** *** *** ***

Leacche15 * ** ** ** *** *** ***

Lev-Ran16 ** *** *** *** *** ** **

Manabe17 ** * *** * *** ** ***

Matsuura18 *** * ** * *** ** ***

Misfeld19 *** ** *** *** *** *** ***

Moss20 * ** *** * *** ** ***

Patel21 ** *** ** ** *** ** ***

Pawlaczyk22 * ** *** * *** ** ***

Vallely23 *** ** ** *** *** *** ***

Boova25 *** ** ** *** *** ** ***

Skjelland28 * ** *** ** *** ** ***

+ indicates low risk of bias, �, unclear risk of bias.
Asterisks are the star rating as per the Newcastle–Ottawa scale; ** and *** indicate highest ratings for these categories, while * suggests low rating.
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characteristics revealed no signs that any of the chosen
variables influenced the results for the comparison of “no-
touch” and side-clamp OPCAB. P values for interaction
between studies subsets ranged from 0.61 to 0.85. PAD-
facilitated OPCAB as compared to side-clamp OPCAB reduced
the risk of primary end point in studies enrolling patients as
follows: (1) with lower prevalence of prior CVA (RR [95% CI]:
0.33 [0.16–0.72]; P<0.01; Pint=0.07); (2) lower prevalence of
diabetes (RR [95% CI]: 0.33 [0.16–0.71]; P<0.01; Pint=0.10);
(3) as elective cases (RR [95% CI]: 0.32 [0.15–0.69]; P<0.01;

Pint=0.04); and (4) with higher baseline left ventricular
ejection fraction (RR [95% CI]: 0.33 [0.15–0.73]; P<0.01;
Pint=0.05) (Figure 5). Deleting each study and repeating the
calculations did not alter the direction of the overall effect
except for one instance: after omitting the study by Moss
et al20 in analysis of 30-day all-cause mortality, there was no
longer any difference between PAD and side-clamp OPCAB:
RR (95% CI): 1.22 (0.64–2.31); P=0.55; I2=0%. Exclusion of
studies not reporting diagnostic criteria for postoperative
cerebral stroke did not influence the estimates (Figure 6).

Table 3. Primary End Point Definitions

Study Primary End Point Definition

Calafiore11 Cerebrovascular accident was defined as global or focal neurologic deficit that could be evident after emergence from anesthesia (early
CVA) or after first awaking without any neurologic deficits (delayed CVA). CVA was diagnosed by a neurologist and confirmed by a brain
CT scan or nuclear MRI.

Emmert12 Stroke was defined as a new neurologic deficit that appears and remains at least partially evident for more than 24 h after its onset and
occurs during or after the CABG procedure; moreover, strokes needed to be diagnosed before discharge. Other than by clinical
symptoms, diagnosis was confirmed by a neurologist and brain imaging. Transient ischemic attacks, intellectual impairment,
confusion, or irritation were excluded.

Kapetanakis13 New CVA was defined as a postoperatively occurring new focal neurologic deficit, persisting for longer than 72 h after onset, diagnosed
by clinical findings, confirmed by a neurologist or brain imaging (head CT or MRI), and noted before discharge or death. Transient
neurologic events, intellectual impairment, and confusional or irritable states were not included.

Kim14 Stroke was defined as a new and sudden onset of neurologic deficits lasting more than 24 h with no apparent nonvascular causes.

Leacche15 Stroke was defined as the development of a new focal neurologic deficit confirmed by clinical findings and CT scan.

Lev-Ran16 Major neurologic complications were defined as any global or focal neurologic deficit that was evident after emergence from anesthesia.
All neurologic events were evaluated by a neurologist and further assessed by CT scan.

Manabe17 Stroke was suspected from any new global or focal neurological deficit and was confirmed by CT or MRI. It was diagnosed definitively
by an attending neurologist. Reversible cerebral ischemic events were not considered as stroke.

Matsuura18 Neurological event was defined by neurologists and radiologists as a neurological deficit confirmed by brain MRI or CT findings.

Misfeld19 Neurological complications were defined as focal or global neurological deficits that were evident after emergence from anesthesia and
diagnosed by a neurologist and confirmed by CT or MRI. Neurological complications also included any deterioration of a previous
neurological deficit that was diagnosed preoperatively.

Moss20 Stroke was defined as any confirmed neurologic deficit of abrupt onset caused by a disturbance in blood supply to the brain that did not
resolve within 24 h.

Patel21 Focal neurologic deficit was defined as a new focal neurologic deficit or a comatose state occurring postoperatively that persisted for
more than 24 h after onset and was noted before discharge or death. Transient neurologic events, confusional states, or intellectual
impairment were not included.

Pawlaczyk22 Focal neurologic deficit was defined as a new focal neurologic deficit, which was assessed by attending neurologist and confirmed by
CT.

Vallely23 Neurological complications were defined as a new global or focal neurological deficit that was evident after the operation and
categorized as either permanent or reversible. Permanent stroke was defined as a new central neurological deficit that persisted for
more than 72 h. A transient neurological deficit was defined as a new central neurological deficit that had resolved completely within 72 h.

Biancari24 Not defined; transient ischemic attack excluded.

Boova25 Not defined; 3 patients sustained permanent neurologic deficits.

El-Zayat26 Not defined.

Kempfert27 Stroke was defined as prolonged (>72 h) or permanent neurologic deficit that was usually associated with abnormal results of MRI or CT
scans43

Skjelland28 Not defined; one patient experienced perioperative cardiac arrest and postoperative tamponade. This patient had cognitive impairment
with reduced memory and impaired orientation for time and situation on clinical neurologic evaluation 3 months postoperatively.

CABG indicates coronary artery bypass grafting; CT, computed tomography; CVA; cerebrovascular accident; MRI, magnetic resonance imaging.

DOI: 10.1161/JAHA.115.002802 Journal of the American Heart Association 7

Cerebrovascular Events After Off-Pump CABG Pawliszak et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Discussion
Results of the current comprehensive meta-analysis are the
first, to the authors’ knowledge, to address the safety of the 2
clampless approaches to OPCAB with regard to 30-day
postoperative risk of cerebral stroke. The main findings of the
present analysis are the following: (1) aortic “no-touch”
technique was associated with an almost 60% statistically lower
risk of postoperative CVA as compared to conventional partial-
clamp OPCAB; (2) no difference in CVAs was observed between
conventional OPCAB versus OPCAB with use of PAD in pooled
analysis; (3) 30-day all-cause mortality was unaltered with “no-
touch” and conventional OPCAB; (4) a trend towards increase in
30-day all-cause mortality was seen in the PAD group.
Additionally, in a sensitivity analysis, the incidence of primary
end point remained constantly reduced with “no-touch”OPCAB;
OPCAB with PAD was associated with significant reduction of
CVA in patients at lower baseline risk. With over 25 000
patients, this meta-analysis represents the largest to date
database on OPCAB without aortic manipulation ever analyzed.

Figure 2. Publication bias analysis—Funnel plot of constructed
for studies included in the meta-analysis for the risk of 30-day
cerebrovascular accident stratified by off-pump coronary artery
bypass technique. No funnel plot asymmetry was apparent by
visual inspection between effect estimates and the study
precision, suggesting absence of small study effect. RR indicates
risk ratio.

Figure 3. Summary analysis of primary end point—30-day cerebrovascular accident stratified by the off-pump coronary artery bypass (OPCAB)
technique. Each square denotes the RR (risk ratio) for the within-study comparison with the horizontal lines showing the 95% CI (confidence
interval). The size of the square is directly proportional to the statistical weight of each study. The black diamond shapes give the pooled RR from
the random-effects model; the center of the diamond denotes the RR and the extremities the 95% CIs. IV indicate inverse variance.
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Current international guidelines recommend CABG as the
method of choice for patients with multivessel disease and
diabetes.29 With 400 000 procedures performed annually in
the United States, CABG remains the “gold standard” for
surgical coronary revascularization that has been shown to be
superior to PCI and medical treatment, with benefits
pronounced over time.1–3 Despite technological improve-
ments, and innovations in cardiovascular anesthesia, CABG
performed “on-pump” is still associated with substantial risk
of postoperative morbidity. A further effort in minimizing the
occurrence of some complications related to conventional
CABG has led to the development of the off-pump (OPCAB)
technique in which the anastomoses are performed on the
beating heart.4 Observational studies have suggested that, by
avoiding the negative effects of CBP, OPCAB may substan-
tially reduce the rate of mortality and morbidity when
compared with conventional CABG 30,31 and in particular in
high-risk patients.5,32 Standard OPCAB, however, still requires
application of a side biting clamp to complete proximal
anastomoses, thus increasing the risk of dislodging fragile
material from the aortic wall. It has been demonstrated that in
the presence of a diffusely diseased aorta, off-pump proce-
dures performed “no-touch” or with the use of proximal

anastomotic devices indeed allow the avoidance of any type
of clamping and may reduce the risk of postoperative
neurologic events and cognitive functions impairment.33

However, data available so far, partially because of observa-
tional nature and partially because of small sample sizes, were
inconclusive in drawing definite conclusions regarding these 2
techniques in surgical coronary revascularization.

Moderate-to-severe proximal aortic atherosclerosis has
been long shown to be strongly associated with neurologic
injury after CABG as strokes are mainly caused by large
atherosclerotic emboli liberated by surgical manipulation of
the aorta.34 Emerging from this picture is that with decreasing
degree of aortic manipulation, the fewer strokes will occur. In
line with our findings is a recent large cohort study, which
demonstrated that the “no-touch” technique has the lowest
risk for postoperative stroke for patients undergoing CABG,
while clamping the aorta during coronary artery bypass
grafting increases this risk regardless of the severity of aortic
disease.20 Proximal anastomosis devices reflect this concept,
offering limited aortic manipulation without need for clamping,
at the same time allowing complete revascularization with
venous grafts. In a registry by Emmert et al,12 OPCAB patients
undergoing revascularization with the HEARTSTRING� system

Figure 4. Summary analysis of postoperative all-cause mortality stratified by the off-pump coronary artery bypass (OPCAB) technique. Each
square denotes the RR for the within-study comparison with the horizontal lines showing the 95% CI. The size of the square is directly
proportional to the statistical weight of each study. The black diamond shapes give the pooled RR from the random-effects model; the center of
the diamond denotes the RR and the extremities the 95% CIs. IV indicate inverse variance.
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had significantly fewer major adverse cardiac and cerebrovas-
cular events (6.7% versus 10.8%; OR=0.59; 95% CI, 0.42–
0.83; P=0.003) because of a significantly lower rate of stroke
(0.7% versus 2.3%; odds ratio=0.28; 95% CI, 0.12–0.66;
P=0.004). The authors concluded that stroke or other

neurologic complications can be significantly minimized with
such an anastomotic device when compared with the
standard techniques, particularly in patients with a high
atherosclerotic burden. On the other hand, proximal anasto-
mosis with facilitating device still carries somewhat increased

Figure 5. Sensitivity analysis for the primary end point—30-day cerebrovascular accident stratified by patients’ baseline characteristics (age,
sex, prior CVA, diabetes, CKD, nonelective cases, LVEF). CKD indicates chronic kidney disease; CVA, cerebrovascular accident; LVEF, left
ventricular ejection fraction; OPCAB, off-pump coronary artery bypass; RR, risk ratio.
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invasiveness, and probably during the puncturing of diseased
aorta a certain amount of embolus material is detached
regardless. Manabe et al17 suggested that during this proce-
dure, solid atherosclerotic material might be fragmented when
the connector penetrates the aorta, and an increased number
of gas bubbles might be sucked into the bloodstream during
connector attachment. Similarly to the largest available study
by Moss et al,20 we were not able to show any benefit in
terms of postoperative stroke with proximal anastomosis
device as compared to standard OPCAB with partial clamping
of the aorta in the pooled analysis (1.2% versus 1.3%; adjusted
odds ratio [95% CI]: 1.41 [0.80–2.48]; P=0.23). On the other
hand, we found that certain patients, especially those at lower
risk (eg, no prior CVA, lower prevalence of diabetes, elective
status, left ventricular ejection fraction >55%) may benefit
from OPCAB with PAD as compared to conventional OPCAB
with regard to neurologic complications. Certainly, another
study, adequately powered for stroke comparing aortic “no-
touch” technique and proximal anastomosis devices in
patients in whom partial clamping is not feasible, could
better define the role of these devices in clinical practice.

A potentially most important finding of the current large-
scale analysis is an almost 60% statistically lower risk of
postoperative cerebral stroke with the “no-touch” approach.
The extent and significance to which the incidence of stroke is

reduced in the current analysis, coupled with no signs of
heterogeneity, reject the hypothesis that the results are due
to “play of chance” rather than depending on the real effect of
the treatment. Indeed, the direction and magnitude of the
estimates is sustained in the subsets analysis of the studies,
further pointing to the effect of “no-touch” technique on
stroke, rather than baseline patients’ status. Surprisingly, no
differences were seen between patients with higher preva-
lence of prior CVA as compared to patients in whom prior CVA
occurred less often. This may in turn suggest the safety of
“no-touch” OPCAB in patients with cerebrovascular disease
undergoing surgical coronary revascularization, and when
confirmed in adequately powered study, “no-touch” OPCAB
should become the preferred approach in this setting.

In the present analysis, neurologic deficit occurred in
0.36% of patients in the “no-touch” OPCAB that completely
avoids any degree of aortic manipulation as compared to PAD
and conventional OPCAB (1.00% and 1.30%, respectively).
However, this extraordinary reduction should be viewed in
wider perspective; indeed, although not directly the objective
of the current investigation, “no-touch” OPCAB might offer the
long-term survival benefit of CABG over PCI,2,35 together with
similar or lower than PCI 30-day stroke rates.36,37 The
discussion about potential shortcomings of CABG as com-
pared to PCI was fueled after the first large industry-funded

Figure 6. Sensitivity analysis of primary end point—30-day cerebrovascular accident stratified by the OPCAB technique after exclusion of
studies not reporting diagnostic criteria for primary end point. Each square denotes the RR for the within-study comparison with the horizontal lines
showing the 95% CI. The size of the square is directly proportional to the statistical weight of each study. The black diamond shapes give the pooled
RR from the random-effects model; the center of the diamond denotes the RR and the extremities the 95% CIs. IV indicate inverse variance.
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trial3 found significantly higher rates of major adverse cardiac
and cerebrovascular events in the PCI group (17.8% versus
12.4% for CABG; P=0.002), in large part because of an
increased rate of repeat revascularization (13.5% versus
5.9%); however, at 12 months, strokes were 4-fold more likely
to occur with CABG (2.2% versus 0.6% with PCI; P=0.003).
None of the following studies comparing PCI with OPCAB38–41

were powered for stroke, and none reports the extent of “no-
touch” technique in the CABG group. Conversely, one recent
trial assessing midterm outcomes of 438 patients randomly
assigned to the PCI with everolimus eluting stents and 442
randomly assigned to the CABG group42 found no difference
in the risk of stroke between the 2 groups: hazard ratio 0.86
(0.39–1.93); P=0.72. Interestingly, OPCAB was performed in
around two thirds of the cases, and arterial revascularization
without manipulation of the aorta was encouraged by the
study protocol.

We observed no differences in 30-day all-cause mortality
between “no-touch” and conventional OPCAB. In contrast,
there was a borderline significant mortality increase in the
PAD group. While unexpected, this finding might have been
due to imbalance between 2 studied groups with regard to
baseline risk profile. Indeed, in one study,20 patients at higher
risk were included in the PAD group, they were older, more
often urgent cases, and were more likely to have diabetes,
renal insufficiency, moderate to severe COPD, and heart
failure. This is further reflected by their atherosclerotic
burden, precluding interventions on ascending aorta, both
side- and cross clamping. Of note, after exclusion of this
study, there was no longer any difference in mortality between
PAD and conventional side-clamp OPCAB.

Limitations
Several shortcomings of the current analysis need to be
acknowledged. First, there is a striking lack of randomized
studies comparing “no-touch” and conventional OPCAB.
Absence of randomization weakens our conclusions regarding
generalizability of the results to an all-comers scenario. On
the other hand, studies included in this meta-analysis have
generally selected higher-risk patients for “no-touch” OPCAB,
making the lower rates of stroke in these patients even more
relevant. Second, current meta-analysis shares the limitations
of included studies with their underlying biases we could not
account for without individual patient-level data.

Conclusions
Aortic “no-touch” technique was associated with a statisti-
cally lower risk of postoperative cerebrovascular events as
compared to conventional partial-clamp OPCAB, with effect

consistent in all strata of the patients. OPCAB with device-
facilitated proximal anastomoses may offer similar protection
from CVAs, however, only in patients at lower risk.

Disclosures
None.
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