J Anesth (2007) 21:452-458
DOI 10.1007/500540-007-0538-6

Original articles

Journal .of
Anesthesia

© JSA 2007

Early neuropsychological dysfunction in elderly high-risk patients after
on-pump and off-pump coronary bypass surgery

Tomoko Baa', Tomoko Goto', KENGO MAEKAWA', ASUKA 110", ATUsHI YosHITAKE', and Takaakl KosHur

'Department of Anesthesiology, Kumamoto Chuo Hospital, 1-5-1 Tainoshima, Kumamoto 862-0965, Japan
*Department of Cardiovascular Surgery, Kumamoto Chuo Hospital, Kumamoto, Japan

Abstract

Purpose. Advanced age is associated with systemic athero-
sclerosis and is a risk factor for neurological dysfunction after
coronary artery bypass grafting (CABG). However, few
studies have investigated early neurological dysfunction after
off-pump CABG in elderly patients.

Methods. Data were collected prospectively on 218 patients
(260 years) who underwent elective off-pump (n = 89) or on-
pump CABG (n = 129). Four cognitive tests were performed
preoperatively and 1 week postoperatively. Neuropsycholo-
gical (NP) dysfunction was defined as a decrease in an indi-
vidual’s performance in more than two tests of at least 20%
from baseline. We compared the incidence of NP dysfunction,
stroke, graft patency grading, and systemic atherosclerosis
between patients who underwent off-pump and on-pump
CABG.

Results.  Off-pump patients were more likely to have a
history of cerebrovascular disease, peripheral vascular disease,
smoking, multiple cerebral infarctions, and severe aortic ath-
erosclerosis. None of the off-pump and three on-pump patients
suffered intraoperative strokes (P = 0.27). The incidence of
NP dysfunction was 11.2% in the off-pump group and 22.5%
in the on-pump group, (P = 0.02). Multivariate analysis
revealed that NP dysfunction was associated with cardiopul-
monary bypass (CPB) and multiple cerebral infarctions. The
off-pump group had fewer vessels grafted (2.4 vs 3.4; P < 0.01),
and a higher rate of stenosis (>50%) and occlusion of the
grafted vessels (13.0% vs 7.4%; P = 0.01) than the on-pump
group.

Conclusion. Off-pump CABG reduced postoperative NP
dysfunction in elderly patients with severe systemic athero-
sclerosis compared to on-pump CABG.
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Introduction

Neurological dysfunction is a devastating complication
after coronary artery bypass grafting (CABG). On-
pump CABG results in postoperative neuropsycholo-
gical (NP) dysfunction in 20% to 80% of patients, and
stroke occurs in 1% to 5% [1]. Recently, attention has
been paid to delirium. Elderly patients generally have
more extensive atherosclerosis in multiple vessels and
an increased risk of neurological dysfunction [2,3]. We
have demonstrated that the incidence of neurological
dysfunction after on-pump CABG was increased in
patients who had a higher total atherosclerotic score in
the brain, carotid arteries, and ascending aorta [4]. Car-
diopulmonary bypass (CPB) is a major cause of micro-
emboli, hypoperfusion, and systemic inflammatory
response. In addition, CPB involves surgical maneuvers
on the ascending aorta, which may cause atheroembo-
lism to the brain. Several studies have shown a reduced
incidence of neurological dysfunction with off-pump
CABG [5-8]. Cheng et al. [9] found no difference
between off-pump and on-pump CABG in the inci-
dence of stroke or early cognitive dysfunction in a
metaanalysis of 37 randomized trials. Patients in these
trials were relatively young. To date, few studies have
investigated neurological dysfunction after off-pump
CABG in elderly high-risk patients. This prospective
study assessed the impact of CPB on early neurolo-
gical outcomes in elderly patients with systemic
atherosclerosis.

Patients, materials, and methods

Data were collected prospectively on 218 elderly Japa-
nese patients who underwent elective off-pump (n = 89)
or on-pump CABG (n = 129) performed by a single
surgeon between January 2000 and December 2003.
Elderly patients were defined as those aged 60 years or
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older. Demographic and preoperative parameters eval-
uated in the study included age, sex, years of education,
history of hypertension with antihypertensive medica-
tion, diabetes mellitus (DM; insulin, oral hypoglycemic
therapy, or diet), hyperlipidemia (total cholesterol
>240mg-dl™" or triglyceride >150mg-dl™"), renal insuffi-
ciency (creatinine >1.9mg-dl™"), and history of cerebro-
vascular disease (CVD) with stroke or transient ischemic
attack. Postoperative myocardial infarction was defined
as a maximal creatine phosphokinase muscle brain
(MB) fraction level of more than 100IU-I"" and post-
operative atrial fibrillation was defined as those events
occurring within 7 days of surgery. Informed consent
was obtained from all participants and the study was
approved by the medical ethics committees and the
institutional review board.

Patient management

Our methods for patient evaluation have been pub-
lished previously [10]. Briefly, all patients underwent
preoperative magnetic resonance imaging and angiog-
raphy (MRI; MRA) to assess cerebral ischemic changes
(grade, 0-3), carotid artery stenosis (grade, 0-3), and
cerebral arterial stenosis (grade, 0-3). The degree of
atherosclerosis in the ascending aorta (grade, 0-3) was
identified by intraoperative epiaortic ultrasonography.

Patients were premedicated with morphine hydro-
chloride (5-10mg) and scopolamine (0.3mg) IM 30 min
before transport to the operating room. Anesthesia was
standardized for all patients: induction with diazepam
(5mg), fentanyl (10ug-kg™), and vecuronium bromide
(12mg) for muscle relaxation, followed by maintenance
with fentanyl (total dose, including the induction dose,
30ug-kg™") and diazepam (total dose 0.5mg-kg™"). Depth
of anesthesia was determined with the bispectral index
(BIS) and aimed at a BIS between 40 and 60 during
surgery. Isoflurane supplementation was used to achieve
a BIS level below 60.

Surgical access to the heart was through a standard
median sternotomy in all patients. On-pump CABG
was performed under standard CPB and moderate
hypothermia (30°C to 32°C), as described previously
[4]. Mean perfusion pressures were maintained at a
higher range (>70mmHg) in patients with carotid ste-
nosis and multiple cerebral infarctions. A single cross-
clamp technique was used. Heparin was administered
at 3mgkg™' in the on-pump and 1.5mgkg™" in the off-
pump CABG group.

Off-pump CABG was performed with the Medtronic
Octopus II or IV devices (Minneapolis, MN, USA) to
stabilize the coronary vessels, and deep pericardial
traction sutures were applied for cardiac displacement.
Either a proximal vessel occluder or an intraluminal
shunt was used, depending on the nature of the proxi-
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mal obstructions. A humidified carbon dioxide blower
(Medtronic DLP) was used to obtain a bloodless surgi-
cal field. Allocation to off-pump or on-pump CABG
was based on the expertise of the surgeon. The absolute
indications for off-pump CABG were patients with
extremely atherosclerotic aorta, CVD, and severe
obstructive arteriosclerosis. Other candidates included
patients with malignancy or coagulopathy. The contra-
indications for off-pump CABG were cardiogenic
shock, dangerous arrhythmias, and technical limitations
such as intramyocardial vessels or large hearts. In 2
patients assigned to on-pump CABG, the procedure
was converted to off-pump due to severe aortic ath-
erosclerosis; 12 off-pump patients underwent conven-
tional on-pump due to hemodynamic instability or to
graft a deep intramyocardial coronary artery or a poor-
quality vessel.

Neurologic assessment

NP dysfunction was measured by four tests adminis-
tered to all patients preoperatively and 1 week postop-
eratively when they were free of the influence of sedative
medication. Tests included the Hasegawa dementia
scale (HDS), Kana pick-out test, the digit symbol sub-
stitution test, and the digit span test (forward and back-
ward). The HDS (score 0 to 30, with 30 best) is a
modification of the Mini-Mental State Examination.
Scores less than 24 on the HDS are indicative of preop-
erative cognitive decline. The Kana pick-out test uses a
story written with Kana (Japanese phonetic symbols)
which is presented to the participants who are then
asked to circle five vowel groups. These tests were per-
formed preoperatively by one of three investigators
(T.B,, T.G,, or A.Y.) and by the same investigator (T.
B.), who were blinded to treatment allocation. NP dys-
function was defined as a decrease in an individual’s
performance in more than two tests of at least 20%
from baseline. Stroke was defined as new neurologic
deficits lasting more than 24 h, and these were evaluated
by cranial computed tomography (CT) or MRI. After
careful review of all available data, stroke was deter-
mined by staff neurologists. Operative mortality was
defined as death within 30 days of surgery.

Graft patency grading

Graft angiography was performed prior to hospital dis-
charge. Only patients with renal insufficiency or severe
aortic atherosclerosis were excluded from postopera-
tive angiography. The distal anastomosis of each graft
was graded according to the scale of FitzGibbon et al.
[11]: widely patent (FitzGibbon A), stenosis more than
50% (FitzGibbon B), occluded (FitzGibbon O).
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Statistical analysis

Univariate comparisons of categorical preoperative,
operative, and postoperative variables were performed
between on-pump and off-pump CABG groups. Dichot-
omous variables were compared using the %’ test or
Fisher’s exact test. Comparisons between continuous
variables were performed using Student’s r-test for
continuous variables. To assess the predictors of NP
dysfunction, first univariate analyses were performed
between patients with and without NP dysfunction.
Stepwise logistic regression analysis was then per-
formed, including factors associated with P values no
greater than 0.20 in univariate analyses, and potential
risk factors for NP dysfunction. These included history
of CVD, peripheral vascular disease (PVD), carotid and
cerebral artery stenosis, multiple cerebral infarctions,
aortic atherosclerosis, CPB, and aortic manipulation.
Odds ratios were calculated for each factor in the pres-
ence of the others in the final models. The C statistic and
the Hosmer-Lemeshow goodness-of-fit statistic were
calculated to assess the performance and calibration of
the models. Values for results were expressed as means
+ SD. A significant difference was considered to exist
for P < 0.05. All statistical analyses were completed
using the SAS Institute statistics package (version 8.2;
Cary, NC, USA).

Results

Preoperative characteristics of both groups are shown
in Table 1. Patient age, years of education, and the
prevalence of preoperative cognitive decline were
similar in the two study groups. In addition, differences
in ejection fraction, incidence of unstable angina, and
extent of coronary artery disease were not statistically
significant. The off-pump group was more likely to have
a higher rate of history of CVD, PVD, smoking, multi-
ple cerebral infarctions, and aortic atherosclerosis than
the on-pump group. EuroSCORE values were also
higher in the off-pump patients.

There were 24 patients with severe aortic atheroscle-
rosis. Among these patients, 7 were on-pump, who
underwent surgery with modified cannulation and
clamping (n = 5), or aortic no-touch technique (n = 2).
The remaining 17 off-pump patients had no aortic
manipulation. A side-clamp (n = 3) or a mechanical
aortic connector system (St Jude, St Paul, MN, USA)
(n=10) was used to construct proximal anastomoses in
13 of these off-pump patients.

Perioperative data and cardiac complications are
shown in Table 2. The off-pump group had shorter pro-
cedure and ventilation times. The CPB duration was
138 £ 40min and the duration of aortic cross-clamping
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was 90 + 36min in the on-pump group. The mean
number of grafts per patient was significantly lower in
the off-pump group than the on-pump group. There
were 6 perioperative myocardial infarctions in the off-
pump group, compared with none for the on-pump
group (P < 0.01).

Of the 218 patients, 210 (96.3%) had coronary
angiography of 626 grafted coronary arteries prior to
hospital discharge. The angiographic gradings of distal
anastomoses were better in the on-pump than the off-
pump group (92.6% FitzGibbon A, 4.8% FitzGibbon B,
and 2.6% FitzGibbon O; vs 87.0%, 11.1%, and 1.9%,
respectively; P = 0.01). This difference was especially
noted in the posteroinferior wall of the left ventricle for
the circumflex artery distribution (93.2% FitzGibbon A,
3.4% FitzGibbon B, and 3.4% FitzGibbon O; vs 82.5%,
13.4%, and 4.1 %, respectively; P < 0.01).

Neurologic outcomes and the results of NP tests are
listed in Table 3. Among the 218 patients enrolled, there
was 1 hospital death from acute aortic dissection, in the
off-pump group. Three patients in the on-pump group
had intraoperative strokes. One of these patients a
79-year old man with aortic arch atheroma (10.2mm),
developed left-sided hemiplegia, and a CT scan revealed
bilateral multiple infarctions. The other 2 patients
developed left upper monoparesis and left-sided hemi-
paresis; CT showed a single small infarction in the right
cerebral hemisphere in both patients. No strokes were
identified in any off-pump patient (P = 0.27).

The two groups had similar baseline scores for the
four NP tests, and more patients in the on-pump group
lost 20% or more of their NP function than in the off-
pump group. NP dysfunction occurred in 29 (22.5%)
patients of the on-pump group and 10 (11.2%) of the
off-pump group (P = 0.024). Table 4 shows the risk
factors for NP dysfunction identified by univariate anal-
ysis. Multiple cerebral infarctions and use of CPB were
significantly associated with NP dysfunction. Stepwise
logistic regression analysis identified multiple cerebral
infarctions (odds ratio, 2.242; 95% confidence interval,
1.37 to 3.69; P = 0.001) and use of CPB (odds ratio,
2.907; 95% confidence interval, 1.33 to 6.91; P = 0.011)
as independent predictors of NP dysfunction (C = 0.69
Hosmer-Lemeshow goodness of fit; P = 0.68).

Discussion

Although off-pump patients were more likely to have
history of a CVD, PVD, smoking, multiple cerebral
infarctions, and severe aortic atherosclerosis than on-
pump patients, off-pump CABG reduced postoperative
early NP dysfunction in elderly patients. The off-pump
CABG group had fewer vessels grafted, and higher
rates of stenosis and occlusion of the grafted vessels and
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Table 1. Characteristics of patients in the two groups®

Off-pump On-pump
(n=89) (n=129) P value
Age (years)’ 71.9+5.8 70.8 £5.3 0.135
Sex (male/female) 68/21 84/45 0.075
Education (years)® 10.9£3.0 102 £2.6 0.051
Hypertension 72 (80.9) 98 (76.0) 0.388
Diabetes mellitus 39 (43.8) 50 (38.8) 0.455
Hyperlipidemia 48 (53.9) 66 (51.2) 0.687
Renal insufficiency (Cr > 1.9mg-dl™") 10 (11.2) 15 (11.6) 0.929
Hemodialysis 5(5.6) 8 (6.2) >0.999
Peripheral vascular disease 22 (24.7) 11 (8.5) 0.001
Abdominal aortic aneurysm 8 (9.0) 7 (5.4) 0.307
Cerebrovascular disease 22 (24.7) 13 (10.1) 0.004
Smoking 62 (69.7) 71 (55.0) 0.030
Unstable angina 18 (20.2) 29 (22.5) 0.691
Left main trunk disease 34 (38.2) 59 (45.7) 0.269
Triple-vessel disease 47 (52.8) 84 (65.1) 0.068
Ejection fraction (%)
>60 64 (71.9) 95 (73.6) 0.960
40-60 19 (21.3) 26 (20.2)
<40 6 (6.7) 8 (6.2)
Cognitive decline (HDS < 24) 3(3.4) 11 (8.5) 0.164
MRI (brain)
Normal or leukoaraiosis 50 (56.2) 95 (73.6) 0.022
Some small infarctions 28 (31.5) 22 (17.1)
Multiple or broad infarctions 11 (12.4) 12 (9.3)
MRA (carotid artery)
Normal or mild 80 (89.9) 112 (86.8) 0.633
Moderate 2(2.2) 6 (4.7)
Severe or obstruction 7(7.9) 11 (8.5)
MRA (cerebral artery)
Normal or mild 73 (82.0) 112 (86.8) 0.623
Moderate 15 (16.9) 16 (12.4)
Occluded 1(1.1) 1 (0.8)
Ascending aortic atherosclerosis
Normal or mild 60 (67.4) 109 (84.5) 0.003
Moderate 12 (13.5) 13 (10.1)
Severe or diffuse 17 (19.1) 7 (5.4)
EuroSCORE" 4.6+2.1 41+138 0.036

Cr, creatinine; HDS, Hasegawa dementia scale; MRI, magnetic resonance imaging; MRA, mag-
netic resonance angiography

“Values in parentheses represent percentages within the group

"Expressed as means + SD

Table 2. Perioperative data and cardiac complications in the two groups®

Off-pump On-pump
(n=289) (n=129) P value
Distal grafts” 24408 3.4+09 <0.001
Surgery duration (h)" 49+1.0 59+1.1 <0.001
Cardiac complications
Coronary spasm 3(3.4) 1 (0.8) 0.307
Myocardial infarction 6 (6.7) 0 0.004
Atrial fibrillation 15 (16.9) 26 (20.2) 0.540
Intraaortic balloon pump 1(1.1) 8(6.2) 0.086
Blood transfusion 66 (74.2) 116 (89.9) 0.002
Reoperation for bleeding 2(22) 7 (5.4) 0.315
Ventilation time (h)® 14.1£9.1 18.0 £ 14.0 0.022
Postoperative stay (days)” 23+ 16 24 +13 0.878

*Values in parentheses represent percentages within the group
"Expressed as means + SD
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Table 3. Neurologic complications and neuropsychological test scores in the two groups®

T. Baba et al.: Off-pump CABG for elderly high-risk patients

Off-pump On-pump

Variable (n=89) (n=129) P value
Operative mortality 1(1.1) 0 0.408
Neurologic

Stroke 0 3(2.3) 0.272

NP dysfunction 10 (11.2) 29 (22.5) 0.024
Test Preoperative 1 Week Preoperative 1 Week P value
HDS’ 27.0+£2.6 273127 27.0+£25 26.7£3.0

20% Decline 0 5.9 0.081
Kana pick-out test” 199+ 11.7 18.0 £ 10.5%* 17.8 £104 16.1 £ 9.9*%

20% Decline 26 (29.2) 45 (34.9) 0.380
Digit symbol test” 337+ 114 29.7 £ 11.0%* 30.6 £ 11.2 273 £ 11.0%

20% Decline 16 (18.0) 28 (21.7) 0.500
Digit span test® 123 +3.1 11.0 £ 3.3* 11.5+34 10.2 +£3.3*

20% Decline 23 (25.8) 39 (30.2) 0.481
*P < 0.05 vs preoperative score
NP, neuropsychological; HDS, Hasegawa dementia scale
*Values in parentheses represent percentages within the group
"Expressed as means + SD
Table 4. Univariate analysis of neuropsychological dysfunction®

NP dysfunction No NP dysfunction
(n=139) (n=179) P value

Age (years)® 71.8+55 71.1+56 0.507
Sex (male/female) 27112 125/54 0.941
Hypertension 30 (76.9) 140 (78.2) 0.860
Diabetes mellitus 17 (43.6) 72 (40.2) 0.698
Hyperlipidemia 21 (53.8) 93 (52.0) 0.830
Peripheral vascular disease 3(7.7) 30 (16.8) 0.217
Cerebrovascular disease 7 (17.9) 28 (15.6) 0.722
Renal insufficiency (Cr > 1.9mg-dl™") 4 (10.3) 21 (11.7) >0.999
Smoking 23 (59.0) 110 (61.5) 0.774
Cognitive decline (HDS < 24) 2(5.1) 12 (6.7) >0.999
Multiple cerebral infarctions 10 (25.6) 12 (6.7) 0.002
Carotid artery stenosis >50% 6 (15.4) 20 (11.2) 0.752
Cerebral artery stenosis >50% 9(23.1) 24 (13.4) 0.182
Severe aortic atherosclerosis 5(12.8) 19 (10.6) 0.613
Duration of surgery (min)” 337+ 65 328+ 70 0.449
Use of cardiopulmonary bypass 29 (74.4) 100 (55.9) 0.033
Aortic manipulation 29 (74.4) 110 (61.5) 0.129
Blood transfusion 34 (87.2) 148 (82.7) 0.636

NP, neuropsychological; Cr, creatinine; HDS, Hasegawa dementia scale
“Values in parentheses represent percentages within the group
"Expressed as means + SD

perioperative myocardial infarctions. Multivariate
analysis confirmed that the independent risks for NP
dysfunction were multiple cerebral infarctions and use
of CPB.

NP dysfunctions are reported to occur in up to 60%
of on-pump CABG patients in the first week [5,12]. In
the present study, the incidence of NP dysfunction was
lower than that in other reported series. We used a brief
battery of tests, administered within 15min, including
four tests appropriate for Japanese people. In addition,

in one of four tests, HDS showed no deterioration in
either group, which supported this low incidence.
Recently, attention has been paid to delirium, which
is associated with NP dysfunction [13]. The patients
should be monitored closely for early signs of neurologi-
cal dysfunction, and early NP evaluation is important to
identify those patients. Furthermore, early NP dysfunc-
tion has also been shown to correlate with a later decline
in NP function [12,14]. In addition, Murkin et al. [15]
have recommended assessment at a stable period,



T. Baba et al.: Off-pump CABG for elderly high-risk patients

ideally 3 months postoperatively. Future investigations
of longitudinal follow-up and defining NP outcomes are
necessary.

Prior CVD is strongly associated with stroke after
CABG [16]. Patients with PVD have atheromatous
involvement of the large arteries, including the aorta
and carotid arteries, and have been shown to be at risk
of adverse neurologic outcomes [17]. John et al. [3]
have demonstrated that smoking is a significant risk
factor for stroke. These risk factors were prevalent
among the patients with systemic atherosclerosis,
and are likely to be associated with a higher incidence
of thromboembolic events during CPB in these
patients.

Aortic atherosclerosis is also a risk factor for post-
operative stroke [18,19], and our previous study also
demonstrated that severe atherosclerosis of the ascend-
ing aorta increased the risk of postoperative stroke and
NP dysfunction in elderly patients after on-pump CABG
[10]. Many investigators have demonstrated that cere-
bral embolization occurrs during CPB, especially during
aortic cannulation, clamping, and clamp removal [20,21].
In addition, embolic debris after the use of anastomotic
devices is also evident in off-pump CABG [22]. In the
present study, no stroke occurred in seven on-pump
patients with severe aortic atherosclerosis in whom sur-
gical modifications or aortic no-touch technique were
used, although one of these patients developed NP
dysfunction. Therefore, recognition of significant aortic
disease, using epiaortic ultrasonography and technical
modifications, is important to decrease stroke and NP
dysfunction.

CPB may cause cerebral injury by embolism, inflam-
matory response, and hypoperfusion. Transcranial
Doppler ultrasonography has demonstrated that micro-
emboli are created during CPB [6,19,20]. A diffusion-
weighted imaging (DWI) study also indicated that 26%
of patients suffered new silent infarctions after CPB [23].
Off-pump CABG would be expected to decrease cere-
bral embolic load and improve neurologic outcomes.
Diegeler et al. [6] demonstrated a significant decrease in
microemboli and postoperative NP dysfunction in an
off-pump CABG group. Patients with severe aortic ath-
erosclerosis or PVD who undergo off-pump CABG have
a significantly lower prevalence of stroke than patients
who undergo on-pump CABG [24,25]. In addition,
Lev-Ran et al. [26] demonstrated that avoiding side-
clamping significantly lowered stroke rate in off-pump
CABG. In the present study, 1 of 13 off-pump patients
with aortic manipulation developed NP dysfunction. By
avoiding surgical maneuvers on the ascending aorta in
off-pump patients, the incidence of cerebral emboliza-
tion should decrease even further. Additional studies are
needed to assess the correlation between postoperative
DWI abnormalities and neurologic dysfunction.
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The presence of multiple cerebral infarctions was an
independent predictor of NP dysfunction in the present
study. Although off-pump CABG appeared to eliminate
microemboli, ten off-pump patients in this study devel-
oped postoperative NP dysfunction. Seven of these
patients had cerebral infarctions and five patients were
asymptomatic. Our earlier study demonstrated that
silent infarctions were common in CABG patients and
are associated with an increased risk of NP dysfunction
and stroke [27]. Kobayashi et al. [28] have demonstrated
that silent lacunar lesions are related to decreased cere-
bral circulation, and Maeda et al. [29] have shown that
cerebral ischemic disorders tend to impair the cerebral
autoregulation mechanism. The heart must be displaced
during off-pump CABG to expose the anastomotic sites,
which causes hemodynamic instability. It is important to
maintain mean artery pressure during surgery. Preop-
erative cerebral evaluation is useful to identify patients
with an elevated risk of postoperative NP dysfunction.

A recent metaanalysis of off-pump versus on-pump
CABG demonstrated that the mean number of distal
vessels anastomosed and the incidence of myocardial
infarction was comparable [9]. In the present study, the
surgeon was still gaining experience with off-pump
techniques during the early part of data collection.
Therefore, on average, 1.0 fewer grafts and a higher rate
of imprecise anastomoses may have led to an increased
risk of postoperative myocardial infarction in the off-
pump group. Although a recent study has demonstrated
reduced graft patency rates 3 months after off-pump
compared with rates after on-pump CABG [30], there
are few reports that have examined graft patency
grading. Further studies are required to address con-
cerns about the fate of early graded grafts and the need
for reintervention over the long term after off-pump
surgery.

We note two limitations of our study. The first limita-
tion is that this was a nonrandomized study. Elderly
patients with severe systemic atherosclerosis may
benefit from off-pump CABG. Therefore, a randomized
study comparing off-pump and on-pump CABG would
be difficult to perform in these patients. The second
limitation is that we have not taken account
of the impact of aortic arch atheromas. An association
between aortic arch atheromas and postoperative
stroke has been demonstrated [31]. Further studies are
required to confirm the relationship between aortic
arch atheromas and NP dysfunction in patients with
systemic atherosclerosis.

In conclusion, off-pump CABG reduces postopera-
tive NP dysfunction in elderly patients with severe
systemic atherosclerosis compared to on-pump CABG
with more vessels grafted and better graft quality.
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