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Summary

Severe aortic atherosclerosis is a risk factor for stroke during coronary artery bypass grafting (CABG). The
purpose of this study was to evaluate the incidence of postoperative neurologic complications after off-pump
CABG (OPCAB) with a proximal seal system (Heartstring).

From January 2011 to December 2014, 729 patients underwent isolated OPCAB. The cohort was divided
into two groups (Heartstring [HS] and aortic no-touch [NT]). The severity of aortic atherosclerosis (Katz grade)
was evaluated by intraoperative epiaortic ultrasonography (EUS). The primary endpoints were postoperative
neurologic complications (early stroke and minor events (delirium, transient ischemic attack, and syncope)), and
the secondary endpoints were late major adverse cardiac and cerebrovascular events (MACCEs) and death.

The mean age of all patients was 65.1 + 9.5 years, and a severe Katz grade (IV or V) was demonstrated to
be an independent risk factor of long-term mortality (HR 3.53; 95% CI 1.06-11.75; P = 0.04) and MACCEs
(HR 2.41; 95% CI 1.19-4.92; P = 0.02), but no significant differences were found for early stroke (0.9% versus
1.7%; P = 0.53) and minor neurologic complications (14.6% versus 9.9%; P = 0.05) between the groups re-
gardless of the Katz grade. The 5-year overall survival rate did not differ significantly between the groups
(90.9% versus 87.6%; P = 0.61).

Although a higher Katz grade was identified as an independent risk factor of death and MACCEs, the HS
group was not inferior in terms of neurologic complications regardless of the Katz grade. Therefore, the Heart-
string system might be safely and efficiently used with EUS to decrease the incidence of neurologic complica-

tions.

(Int Heart J 2019; 60: 593-600)
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stroke and neurocognitive dysfunction during coro-

nary artery bypass grafting (CABG)."™ The avoid-
ance of aortic manipulation and cross-clamping and the
use of clampless anastomotic devices is associated with a
significant reduction in the risk of intraoperative embolic
events.”® Multiple studies have reported postoperative
stroke rates between 1% and 5%.%” Although aortic no-
touch techniques, in which the internal thoracic artery
(ITA) is used in situ and/or composite T or Y grafting is
performed with no clamping during off-pump CABG (OP-
CAB), have resulted in lower stroke rates than conven-
tional CABG'?, these methods may not be applicable for
every case, including urgent and emergent cases. In addi-
tion, this surgical strategy is more technically demanding
than graft anastomosis to the ascending aorta and may not
supply sufficient blood flow to the entire ischemic myo-

S evere aortic atherosclerosis is a risk factor for

cardium because it is dependent on a single inflow from
the left ITA. To overcome the limitations of the aortic no-
touch technique, we designed this study and considered
the aortocoronary configuration, particularly in OPCAB.
Recently, the Heartstring proximal seal system
(Maquet Cardiovascular, San Jose, CA) has been used to
minimize the risk of stroke and to accomplish a proximal
aortic anastomosis to the diseased ascending aorta without
partial clamping.'™® Indeed, intraoperative epiaortic ultra-
sonography (EUS) has also been recommended as supe-
rior to transesophageal echocardiography for the detection
of the calcified ascending aorta and aortic arch during car-
diac surgery.”'® This change in the surgical approach
might result in improved postoperative neurologic out-
comes. The purpose of this study was to evaluate the inci-
dence of postoperative neurologic complications after OP-
CAB between the group in which the Heartstring system
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was used and the aortic no-touch group.

Methods

Study population: We retrospectively analyzed 803 con-
secutive patients who had undergone primary isolated OP-
CAB by two experienced surgeons at Severance Cardio-
vascular Hospital, Younsei University College of Medicine
from January 2011 to December 2014. Seventy-four pa-
tients who had undergone on-pump CABG, emergent sur-
gery, or minimally invasive surgery were excluded from
the study. Of the 729 patients who were included, the
Heartstring proximal anastomotic device was used in 323
patients (HS group), and the aortic no-touch technique
was performed in 406 (NT group). Preoperative risk fac-
tors included age, sex, body mass index, preoperative
comorbidities, a history of percutaneous coronary inter-
vention with stenting, New York Heart Association func-
tional class, left main coronary artery stenosis of 50% or
greater, logistic Euroscore, and echocardiographic indica-
tors such as the left ventricular ejection fraction. Pe-
rioperative variables recorded included in-hospital death,
renal failure, pulmonary complications, reoperation for
bleeding, and neurologic complications.

Epiaortic ultrasound scanner: After median pericardiot-
omy, EUS was routinely used as an intraoperative tool to
assess the atherosclerotic plaque in the ascending aorta
and was performed with a 7- to 14-MHz biplane linear ul-
trasound probe (Acuson 15 L8 probe) connected to an
echocardiography ultrasound scanner (Acuson Sequoia Ul-
trasound System, Siemens Medical Solutions USA, Moun-
tain View, CA). The embolic potential of the ascending
aorta in the proximal, middle, and distal segments, the
proximal aortic arch, and the descending aorta was evalu-
ated by EUS under the direction and interpretation of the
attending cardiac anesthesiologists. The degree of aortic
atherosclerosis was graded according to the classification
of Katz and colleagues:'>'” grade I is normal, grade II is
nonprotruding intimal thickening of the entire lumen and
atheroma greater than 2 mm, grade III is atheroma less
than 4 mm, grade IV is atheroma greater than 4 mm, and
grade V is any mobile or ulcerated plaques.

We considered the location of the atherosclerotic le-
sion to determine whether to perform aortic manipulation.
For cases in which the severity of ascending aortic athero-
sclerosis was less than grade III, we considered manipula-
tion of the aorta using the Heartstring system to be safe.
In cases with grade IV or V disease, we considered a re-
stricted condition. The Heartstring system was used if
atherosclerotic lesions were located on the posterior wall
of the ascending aorta or the proximal aortic arch or if
diffuse atheroma lesions were located sufficiently far from
the site of manipulation. Although grade V disease was
located on the mobile plaque of the descending aorta, the
Heartstring system was used in non-diseased segments of
the ascending aorta. The image of the aortic wall was
confirmed by the surgeons and anesthesiologists according
to the results of EUS.

Heartstring device: The proximal graft anastomoses were
performed on non-diseased segments of aorta as assessed
by EUS. The Heartstring system consists of an aortic cut-
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ter to create a circular aortotomy, a coiled device deliv-
ered through the aortotomy to form a hemostatic seal, and
a proximal seal to unfold within the aorta. When the anas-
tomosis is completed, the Heartstring is removed from the
aorta before the suture is tightened.
Surgical technique: All OPCAB operations were per-
formed via a standard median sternotomy. One or both
ITAs were harvested routinely in a semi-skeletonized
method. If necessary, the radial artery from the nondomi-
nant forearm (using a pedicle method) and a long saphe-
nous vein graft were simultaneously harvested. Heparin
(100 U/kg) was administered to maintain a target activated
clotting time of greater than 300 seconds during the op-
eration. The revascularization strategy was decided ac-
cording to the size and degree of stenosis of the target
coronary vessel and the atherosclerotic status of the as-
cending aorta. We routinely used intraoperative EUS be-
fore surgical manipulation of the aorta. The proximal an-
astomosis was performed with the Heartstring in the non-
calcified segment of the ascending aorta. For cardiac dis-
placement and stabilization, an Octopus tissue stabilizer
Positioner (Medtronic, Minneapolis, MN) or a Maquet sta-
bilizing device was used to safely expose the target vessel.
Visualization of the sites of aortotomy during construction
of the anastomosis was enhanced with a humidified car-
bon dioxide blower (Medtronic Clear View; Medtronic,
Inc.) and irrigation with warm saline solution. The
patency of all grafts was confirmed by flow measurements
at the end of the bypass procedures.
QOutcome measures: Postoperative neurologic complica-
tions were classified as early stroke or minor events (de-
lirium, transient ischemic attack (TIA), and syncope).
Early stroke was defined as a newly appearing neurologic
deficit after the OPCAB procedure that remains at least
partially evident for more than 24 hours after its onset.
Overall neurologic complications were diagnosed before
hospital discharge. Our definition of overall neurologic
complications included TIA, defined as a fully reversible
neurologic deficit that lasts less than 24 hours; delirium,
defined as a transient and serious disturbance in attention
and cognition that develops over a short period of time
according to DSM-5 criteria; and early stroke, defined as
events that last more than 24 hours and less than 30 days.
In addition to clinical symptoms, diagnoses were con-
firmed by a neurologist on the basis of brain imaging.
Long-term outcomes were assessed by all-cause mor-
tality and major adverse cardiac and cerebrovascular
events (MACCEs), which were defined as death from any
cause, nonfatal myocardial infarction, target vessel revas-
cularization, or stroke. Target vessel revascularization was
defined as any reintervention to treat luminal stenosis in
the initially treated vessels.
Data collection: Preoperative and perioperative data were
obtained from the cardiac research databases at our insti-
tution and reviewed in the hospital charts. Follow-up was
performed during patient visits or by telephone. The me-
dian follow-up duration was 38.0 months (range, 0.4 to
63.9 months). Institutional review board approval from the
Yonsei University College of Medicine was obtained for
this retrospective study. Individual patient consent was
waived because this study did not interfere with patient
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Table I. Patient Characteristics and Perioperative Data
. HS Grou NT Grou
Variable (=323 (n=406) P

Age (y) 64.5+94 65.5+9.6 0.167
Female 77 (23.8) 112 (27.6) 0.251
Body mass index (kg/m?) 242+3.0 245+32 0.324
Smoking 180 (55.7) 218 (53.7) 0.584
Hypertension 243 (75.2) 317 (78.1) 0.366
Diabetes mellitus 160 (49.5) 186 (45.8) 0.317
Dyslipidemia 147 (45.5) 180 (44.3) 0.751
Cerebrovascular accidents 41 (12.7) 56 (13.8) 0.664
Chronic obstructive pulmonary disease 12 (3.7) 10 (2.5) 0.326
Peripheral artery occlusive disease 37 (11.5) 31 (7.6) 0.078
Chronic kidney disease 52 (16.1) 61 (15.0) 0.690
Previous PCI 58 (18.0) 65 (16.0) 0.486
NYHA > 11T 98 (30.3) 119 (29.3) 0.763
Euroscore 477+32 474+29 0.915
Three-vessel disease 277 (85.8) 336 (82.8) 0.271
Left main disease 112 (34.7) 104 (25.6) 0.008
Left ventricular ejection fraction (%) 55.0x15.1 54.7+14.4 0.778
Number of distal anastomoses 343 +£0.81 3.05+0.75 <0.001
Total arterial graft 25(7.7) 254 (62.6) < 0.001
Composite Y graft 131 (40.6) 393 (96.8) <0.001
Complete revascularization 290 (89.8) 350 (86.2) 0.143
Free graft

Saphenous vein 293 (90.7) 155 (38.2) <0.001

Radial artery 131 (40.6) 246 (60.6) < 0.001
Katz grade

I-11 52 (16.1) 63 (15.5) 0.830

11 117 (36.2) 148 (36.5) 0.949

v-v 154 (47.7) 195 (48.0) 0.925

Values are mean + SD or n (%). NYHA indicates New York Heart Association; and PCI,
percutaneous coronary intervention.
treatment. HS group versus 25.6% in the NT group; P = 0.01).

Statistical analysis: Statistical analyses were performed
using SPSS version 23.0 (IBM Corp., Armonk, NY,
USA). All data are presented as the mean + SD or fre-
quencies and percentages. Comparisons of patients were
performed with Student’s #-test for continuous variables
and the y* test or Fisher’s exact test for categorical vari-
ables. Long-term survival and freedom from MACCEs
were estimated by the Kaplan-Meier method, and com-
parisons between groups were performed with the log-
rank test. Multivariable logistic regression analysis was
used to calculate odds ratios (ORs) to determine the inde-
pendent predictors of postoperative neurologic complica-
tions. The Cox proportional hazard regression model was
used to analyze risk factors for time-related events (overall
survival, MACCEs, and late-onset stroke), and P values of
less than 0.05 were considered to indicate statistical sig-
nificance.

Results

Patient characteristics and perioperative data: Preop-
erative and perioperative patient characteristics and echo-
cardiographic data are summarized in Table I. The mean
of all patients’ ages was 65.1 + 9.5 years, and the inci-
dences of other preoperative risk factors were similar ex-
cept for left main coronary artery disease (34.7% in the

Aorta atherosclerotic status was graded as normal or mild
(Katz grade I or II) in 15.8%, moderate (grade III) in
36.4%, and severe (grades IV and V) in 47.9%. The mean
number of distal anastomoses per patient was 3.43 + 0.81
in the HS group and 3.05 = 0.75 in the NT group (P <
0.01). The number of proximal anastomoses per patient
was 1.03 = 0.17. Only 10 patients (3.1%) had two proxi-
mal anastomoses using radial artery and saphenous vein
grafts.

Early and late clinical outcomes: As seen in Table II, no
statistically significant differences between groups were
found in early complications or in-hospital mortality. Pa-
tients in the HS group showed a slightly higher tendency
of minor (14.6% versus 9.9%; P = 0.05) and overall neu-
rologic complications (15.2% versus 10.6%; P = 0.06)
than those who underwent no-touch procedures, but these
findings did not reach statistical significance.

The 5-year overall survival rate and the rate of free-
dom from MACCEs were 90.9 + 1.8% and 88.2 + 2.1%
in the HS group and 87.6 + 2.1% and 81.2 + 2.6% in the
NT group, respectively (Log-rank P = 0.61 and P = 0.18).
These rates did not differ significantly between groups
(Figure 1). The incidences of stroke according to aortic
grade were [ (n = 0, 0%), Il (n = 3, 0.4%), Il (n = 4,
0.5%), IV (n = 13, 1.8%), and V (n = 2, 0.3%). The fre-
quency of stroke was similar between the groups regard-
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Table II. Early and Late Clinical Outcomes
. HS Group NT Group
Variable (n=323) (n = 406) r
Early results
In-hospital death 3(0.9) 4(1.0) >0.999
Reoperation for bleeding 2 (0.6) 2(0.5) >0.999
Newly required dialysis 7Q2.2) 6 (1.5) 0.485
Overall neurologic complication 49 (15.2) 43 (10.6) 0.064
Early stroke 3(0.9) 7(1.7) 0.525
Minor neurologic complication 47 (14.6) 40 (9.9) 0.052
Delirium 44 (13.6) 39 (9.6) 0.090
Transient ischemic attack 2 (0.6) 0(0.0) 0.196
Syncope 2 (0.6) 1(0.2) 0.587
Pulmonary complication 32 (9.9) 43 (10.6) 0.763
Postoperative atrial fibrillation 87 (26.9) 89 (21.9) 0.116
‘Wound problems 34 (10.5) 43 (10.6) 0.977
Operative time (minutes) 248.5 +41.8 222.6 +36.3 <0.001
Intensive care unit stay (hours) 76.9 £ 107.5 83.0+155.6 0.548
Late results
MACCEs 32(9.9) 59 (14.5) 0.061
Death 24 (7.4) 39 (9.6) 0.299
Nonfatal MI 0(0.0) 2(0.5) 0.506
Stroke 7(2.2) 15(3.7) 0.231
Target vessel revascularization 3(0.9) 8(2.0) 0.362
Values are mean + SD or n (%). MACCE:s indicates major adverse cardiac and cerebro-
vascular events; and MI, myocardial infarction.
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Figure 1. Overall survival rates (A) and rates of freedom (B) from major adverse cardiac and cerebrovascular events in the Heartstring

(HS) group (red lines) and no-touch (NT) group (blue lines).

less of the Katz grade (n = 7, 2.2% in the HS group ver-
sus n = 15, 3.7% in the NT group, P = 0.23).

In the HS group, 4 patients had Katz grade 2 (one
with syncope and 3 with delirium), 22 patients had Katz
grade 3 (one with early stroke, one with syncope, and 21
with delirium), 19 patients had Katz grade 4 (one with
early stroke, one with TIA, and 17 with delirium), and 5
patients had Katz grade 5 (one with early stroke, one with
TIA, and 3 with delirium). In the NT group, 4 patients
had Katz grade 2 (two with early strokes and 3 with delir-

ium), 8 patients had Katz grade 3 (two with early strokes
and 8 with delirium), 26 patients had Katz grade 4 (two
with early strokes, one with syncope, and 23 with delir-
ium), and 5 patients had Katz grade 5 (one with early
stroke and 5 with delirium).

Regardless of Katz grade, the rate of freedom from
stroke at 5 years was 97.7 = 0.9% in the HS group and
94.5 = 1.8% in the NT group (Log-rank P = 0.31, Figure
2).

Predictors of survival and MACCEs: Multivariable lo-
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Figure 2. Rates of freedom from stroke (A), nonfatal myocardial infarction (B), and target vessel revascularization (C) in the Heartstring (HS)

group (red lines) and no-touch (NT) group (blue lines).

Table III. Predictors of Early Stroke, Minor, and Overall Neurologic Complications
Variahl Early stroke Minor neurologic complications ~ Overall neurologic complications
ariable
OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age 1.10 (1.06 to 1.14) <0.001 1.09 (1.05 to 1.13) <0.001
Previous PCI 1.95 (1.10 to 3.48) 0.023 1.76 (1.00 to 3.10) 0.052
Left main disease 6.17 (1.55 to 24.57) 0.010
Heartstring 0.44 (0.11 to 1.75) 0.245 1.67 (1.03 to 2.70) 0.038 1.60 (1.00 to 2.55) 0.049
Postoperative AF 3.04 (1.88 to 4.94) <0.001 3.07 (1.91 to 4.92) <0.001
Katz score

moderate 0.80 (0.13 to0 4.93) 0.805 1.05 (0.42 to 2.63) 0.922 0.93 (0.39 to 2.23) 0.875

severe 0.79 (0.15 to 4.17) 0.778 0.99 (0.40 to 2.45) 0.989 1.01 (0.43 to 2.36) 0.990

AF indicates atrial fibrillation; CI, confidence interval; OR, odds ratio; and PCI, percutaneous coronary intervention.

Table IV. Multivariate Cox Proportional Hazard Regression Analysis for Long-Term Survival, MACCEs, and Stroke

Overall Survival

MACCEs Stroke
Variable Univariate Multivariate Univariate Multivariate Univariate Multivariate
P HR (95% CI) P P HR (95% CI) P P HR (95% CI) P

Age <0.001 1.04(1.00to 1.07)  0.049 0.002 1.02 (0.99 to 1.05) 0.164
Chronic kidney disease 0.001 3.09 (1.83t05.23) <0.001 <0.001 2.11(1.32t03.38) 0.002
Postoperative AF 0.008 1.37(0.81t02.34) 0.242 0.035 1.27 (0.80 t0 2.01) 0.306
Heartstring 0.610 0.99 (0.59to0 1.65)  0.960 0.184 0.79 (0.51to 1.22) 0.283  0.317 0.63 (0.26to 1.55) 0.316
Katz mild (reference)

moderate 0.588 1.01(0.27t03.72)  0.990 0.903 0.88(0.39t0 1.95) 0.743  0.443  0.55(0.12t0 2.44) 0.427

severe 0.003 3.53(1.06to 11.75) 0.040 0.014 2.41(1.19t04.92) 0.015 0403 1.67(0.48t05.76) 0.419

AF indicates atrial fibrillation; CI, confidence interval; HR, hazard ratio; and MACCEs, major adverse cardiac and cerebrovascular events.

gistic regression analysis for minor neurologic complica-
tions revealed that age (OR, 1.10; 95% CI, 1.06 to 1.14;
P < 0.01), a history of previous percutaneous coronary in-
tervention (OR, 1.95; 95% CI, 1.10 to 3.48; P = 0.02),
use of the Heartstring system (OR, 1.67; 95% CI, 1.03 to
2.70; P = 0.04), and postoperative atrial fibrillation (OR,
3.04; 95% CI, 1.88 to 4.94; P < 0.01) were independent
predictors (Table III). Left main coronary artery disease
was independently associated with an increased incidence
of early stroke (OR, 6.17; 95% CI, 1.55 to 24.57; P =
0.01).

Cox regression multivariate analysis demonstrated
that the independent risk factors of long-term mortality
were chronic kidney disease (hazard ratio [HR], 3.09;
95% CI, 1.83 to 5.23; P < 0.01) and severe Katz grade

(IV or V; HR, 3.53; 95% CI, 1.06 to 11.75; P = 0.04).
The independent predictors of MACCEs were chronic kid-
ney disease (HR, 2.11; 95% CI, 1.32 to 3.38; P < 0.01)
and severe Katz grade (HR, 2.41; 95% CI, 1.19 to 4.92; P
= 0.02). In subgroup analysis, a severe Katz grade was
demonstrated to be an independent risk factor of long-
term mortality and MACCEs (Table IV and Figure 3).

Discussion

Cerebrovascular accidents and neurocognitive dys-
function have been recognized as major issues in patients
who undergo CABG, which is associated with high mor-
bidity and mortality rates.”'® This study evaluated the effi-
cacy of the Heartstring system with EUS for prevention of
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Figure 3. Overall survival rates (A) and rates of freedom (B) from major adverse cardiac and cerebrovascular events in group with
Katz score of IV to V group (red lines) compared with group with Katz score of I to III (blue lines).

postoperative neurologic complications in patients who
underwent isolated OPCAB. We showed that the Heart-
string system does not increase early morbidity rates,
overall mortality rates, or the incidence of MACCEs and
stroke when compared with aortic no-touch techniques.

Intraoperative EUS has recently been recommended
as a diagnostic tool to assess the diseased ascending aorta.
Several studies have shown that EUS is superior to assess-
ment by palpation and transesophageal echocardiography
for the detection of atherosclerotic lesions over the as-
cending aorta and proximal aortic arch."*'>'**® Joo, et al.
reported that the early stroke rate for patients in whom
EUS was used was similar between the groups with par-
tial clamping and nonaortic clamping (0.8% versus
0.7%).>" These results demonstrated that EUS bestows a
significant benefit by reducing the early stroke rate in
cases of aortic manipulation during OPCAB. In our study,
intraoperative transesophageal echocardiography or EUS
have been used routinely to evaluate atherosclerosis of the
ascending aorta, proximal aortic arch, and descending
aorta. The use of EUS with the Heartstring system could
contribute to better long-term outcomes than aortic no-
touch techniques, including the 5-year overall survival rate
(P = 0.61) and freedom from stroke rate (P = 0.31).

Our study aimed to compare clinical outcomes be-
tween groups. Evidence has shown that the use of com-
posite Y/T grafts to avoid any manipulation of the dis-
eased ascending aorta results in a low stroke rate. Al-
though OPCAB with total arterial revascularization has
been proposed as the gold standard approach to reduce
neurocognitive dysfunction only for patients with severe
atherosclerosis,'*” this no-touch procedure may not be
routinely applied, particularly in emergent cases. Left ITA
to Y graft anastomosis is more technically demanding
than that of the ascending aorta and can result in a poten-
tial steal phenomenon of the left ITA by the anastomosed
graft because most of the coronary circulation is supplied

through a single inflow from the left ITA. Therefore, for
these reasons, direct aortic anastomosis using the Heart-
string system was considered to be an effective alternative
method when composite grafts are not available, particu-
larly in cases with a moderately stenotic target vessel
(< 90%) and insufficient length to reach most targets.

Importantly, our study shows no difference in the in-
cidence of stroke (P = 0.23) and MACCEs (P = 0.06) be-
tween the groups. These findings are in accordance with
the results of previous studies'® that compared total arte-
rial revascularization versus the Heartstring system and re-
ported that the in-hospital mortality (1.8% versus 1.1%; P
= 0.42) and stroke rates (2.8% versus 0.5%; P = 0.09) did
not differ between groups.

Several studies have reported the increased stroke
risk associated with advanced age, hypertension, cere-
brovascular disease, diabetes, and aortic atherosclerosis.>”
Severe atherosclerosis is one of the most important predic-
tors of neurologic deficits after CABG.*** Postoperative
delirium, a common complication after cardiac surgery, is
also associated with increased mortality rates and cogni-
tive decline.””” New ischemic lesions created by cerebral
microemboli have been considered to be significant risk
factors for delirium,” and inflammation due to emboli has
been considered to alter the permeability of the blood-
brain barrier, activate microglia, and influence cognitive
impairment.”*” Carotid artery stenosis of more than 50%,
advanced arteriosclerosis, and myocardial infarction also
play important roles in delirium after OPCAB.””

We found that left main coronary artery stenosis was
a risk factor for early stroke (OR, 6.17), similar to other
studies. Charlesworth, et al. found that left main coronary
artery stenosis was associated with an increased risk of
stroke (left main coronary artery stenosis 50% to 89%:
OR, 1.41; stenosis of 90% or more: OR. 1.60; P
< 0.001)." Left main coronary artery disease has also
been identified as a marker for carotid stenosis.”” Ad-
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vanced age, smoking, extensive peripheral vascular dis-
ease, female gender, history of stroke or TIA, and left
main coronary stenosis are correlates of carotid disease,
which is an important cause of preoperative stroke.”*"
Moreover, the various mechanisms of stroke include arte-
riosclerotic emboli from the aorta, hypotension from ven-
tricular dysfunction, and reactive thrombocytosis. Carotid
artery disease and cerebral microvascular disease have
also been implicated.*

In our study, minor neurologic complications were
independently associated with the use of the Heartstring
system. Although the patients in whom the Heartstring
system was used had a higher rate of delirium, the differ-
ence in the incidence of minor neurologic complications
was not statistically significant between the groups (P =
0.05). Therefore, the use of the Heartstring system to pre-
vent atherosclerotic emboli might result in improved post-
operative neurologic outcomes.

The incidences of early and late stroke were 0.9%
and 2.2%, respectively. Similar results have been reported
by other investigators.”**® To the best of our knowledge,
cerebral microembolization of atheromatous material dur-
ing manipulation of the aorta is the main cause of postop-
erative stroke.”*” Neurologic derangement after CABG
has been attributed to hypoxia, embolism, hemorrhage,
and metabolic abnormalities. Although various mecha-
nisms have been recognized for the development of stroke
in patients who undergo CABG, embolic dislodgment of
atherosclerotic plaques during surgical aortic manipulation
remains the major cause of stroke. The Heartstring system
resulted in a significant reduction in the proportion of
solid microemboli compared with the partial clamping
group (1% versus 23%; P < 0.001).>*” The largest analy-
sis of 1,380 patients who underwent CABG with the
Heartstring system showed no significant difference in the
rate of postoperative stroke according to aortic atheroscle-
rosis grade (1.2%, P = 0.83). Using grade I as the refer-
ence group, the adjusted OR of stroke was 0.97 (95% CI,
0.26 to 3.66) with grade II, 0.84 (95% CI, 0.22 to 3.25)
with grade III, and 0.94 (95% CI, 0.10 to 8.46) with
grade IV.” Our study shows no significant association be-
tween Katz grades and the incidence of postoperative
stroke because the use of the Heartstring system with in-
traoperative EUS allowed the safe detection of severe
atherosclerotic aortic lesions.

This study is limited by its single-center, nonrandom-
ized, and retrospective nature. Selection bias may have oc-
curred because the distribution of the groups was based
on the surgeons’decision making. In our study, a pe-
rioperative surgical strategy was objectively determined
that targeted native coronary arteries with greater than
80% stenosis at least 1 mm in diameter. Although every
patient underwent OPCAB with EUS to detect aortic athe-
rosclerosis at the site of anastomosis, we did not have a
comparison group with partial clamping. The heterogene-
ous distribution of free grafts also makes a fair compari-
son difficult. Finally, this was a relatively small study and
with short-term follow-up. The long-term graft patency
should be evaluated with coronary angiography or com-
puted tomography.
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Conclusions

Although a higher Katz grade was identified as an
independent risk factor of mortality and MACCEs, the HS
group was not inferior in terms of neurologic complica-
tions regardless of the Katz grade. In conclusion, the use
of the Heartstring system with the assistance of EUS dur-
ing OPCAB can safely and efficiently decrease neurologic
complications regardless of the atherosclerotic grade of
the ascending aorta.
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