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THE EFFECT OF MILD COGNITIVE IMPAIRMENT ON EEG TOPOGRAPHIC CHANGES
AFTER ON-PUMP CORONARY ARTERY BYPASS GRAFTING
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The purpose. Previously it was shown that on-pump coronary artery bypass grafting (CABG) induced cerebral
ischemia and cognitive decline. The patients with mild cognitive impairment (MCl) could be a high-risk group of
CABG-associated cognitive decline. Non-invasive neuromonitoring can provide information regarding subclinical
symptoms and topography of cerebral ischemia. The aim of this study was to investigate the topographic changes
in electroencephalogram (EEG) spectral power in coronary artery disease (CAD) patients with or without MCI
before and after on-pump CABG.

Methods: 62 males with CAD were divided into two groups according to their Mini-Mental State Examination:
without MCI (n = 37) and with MCI (n = 25). Clinical factors were assessed, including the severity of coronary lesions
(SYNTAX score), the left ventricular ejection fraction (LVEF). Eyes-closed rest EEG was recorded from 62 channels
positioned according to the International 10-20 system. Spectral EEG power was calculated for frequencies from
0.1to 50 Hz.

Results: The patients with MCI had theta-1 (4-6 Hz) power increase 7-10 days after on-pump CABG only in
frontal and fronto-central clusters of right and left hemispheres as compared to the preoperative values, whereas
in the groups without MCl this effect was widespread over the brain. In the beta-1 band (13-20 Hz), CABG patients
with MClI had power increase in the frontal, fronto-central and fronto-temporal regions of the brain cortex. Similar
power changes in patients without MCl were observed only for occipital brain clusters.

Conclusions: CAD patients with MCl have demonstrated EEG signs of cortical dysfunction focused on the
frontal brain areas. Cortical dysfunction in this localization can be associated with the progression of cognitive
deficits, causing loss social integration in CAD patients with MCI.
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Introduction

Cardiovascular  disease  (coronary  artery
disease (CAD), heart failure, hypertension, cardiac
arrhythmia) is commonly associated with increased
risk of cognitive impairment, even in the absence of
neurodegenerative disease or stroke [1; 19; 37; 34].
Cognitive impairment can be considered as an early
marker for ischemic brain damage in patients with
cardiovascular disease [9; 11]. Treatment options
for CAD patients usually include cardiac surgery;
thus, perioperative neurological events can have a
dramatically detrimental effect on the duration and
quality of life [22]. Despite remarkable progress in
surgical, cardiopulmonary bypass and anesthetic
techniques, brain damage remains an important
complication of on-pump coronary artery bypass
grafting (CABG) and is associated with cerebral
perfusion deterioration [7; 41]. Meanwhile, a
significant number of CABG candidates are middle-
aged or older people, who may suffer chronic brain

ischemia and mild cognitive impairment (MCI) [18;
39]. MCl is a clinical term that includes individuals
with impairment in one or more cognitive domains
greater than would be expected for a person’s age, but
who are otherwise functionally intact and capable of
living independently [21]. Kline and colleagues have
found that MCI subjects had greater vulnerability to
cognitive impairment post surgery [21]. The authors
suggested that brain atrophy associated with surgery
may be more problematic for MCI subjects, due
to their cumulative atrophy at the time of surgery.
Furthermore, MCI subjects would presumably have
less cognitive reserve and compensatory factors
working to stabilize cognition [5].

Brain ischemia may be caused by on-pump CABG
and approaches to diagnose hypoxic-ischemic brain
injury are complex and controversial [3; 12; 15].
Multi-channel computed electroencephalography
(EEG) can be used to monitor brain electrical activity
and thus detect signs of ischemic brain damage that
can result in postoperative neurological deficit [13].
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The noninvasiveness and simplicity of this method
makes it possible to assess the dynamics of brain
function recovery during the postoperative period
[13; 38]. The value of non-invasive monitoring of
the brain before, during and after cardiac surgery has
previously been shown to provide information about
the sub-clinical symptoms of cerebral ischemia [12;
35]. EEG changes can be detailed alarm criteria for
classifying ischemia during carotid endarterectomy
surgery [20]. It has been demonstrated that the
cerebral cortical activity decreased in patients with
delirium [31]. A statistically significant relation
has been found between the characteristics of
intraoperative EEG and cognitive deficits for 2-3
months after on-pump cardiac surgery [16].

Quantitative analysis of EEG is promising
marker associated with cognitive dysfunction and
may differentiate between disease stages [2; 17].
Previous studies have reported that patients with
dementia demonstrate increased slow wave activity
compared to healthy subjects of the same age [42].
Babiloni et al. [2] reported higher theta rhythm power
in patients with vascular MCI compared to patients
with neurodegenerative MCI. Several authors have
found that EEG changes in Alzheimer’s disease
patients are diffuse and appear as increased delta and
theta activity and decreased alpha activity [4; 26].
However, little is known about EEG topography in
MCI and non-MCI patients after surgery, especially
those who have undergone on-pump CABG.

The purpose of this study was to investigate the
topographic changes in spectral EEG power of CAD
patients with or without MCI before and after on-
pump CABG.

Materials and Methods

Subjects

A cohort of 62 subjects were recruited from the
Cardiology Department, State Research Institute for
Complex Issues of Cardiovascular Diseases, Russia,
Kemerovo. All patients gave written informed
consent to participate in the prospective study aimed
at assessing cognitive function in CAD patients. The
study design was approved by the Ethics Committee
of the Institute.

Exclusion criteria were as follows: age >70 years,
female sex, initial depressive symptoms identified by
the Beck Depression Inventory (BDI-II), dementia
[sum-score on the Mini-Mental State Examination
(MMSE) <24], and the Frontal Assessment Battery
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(FAB) score <11. We also excluded subjects with a
known history of rthythm disturbances, heart failure
functional class IV according to the New York Heart
Association (FC NYHA), concomitant diseases
(chronic obstructive pulmonary disease, malignant
pathology), diseases of the central nervous system,
regularly using psychoactive drugs, with any
episodes of a cerebrovascular accident, and/or
brain injury. All 62 patients underwent multi-spiral
computed tomography to detect any nervous system
abnormalities.

All patients were treated with basic, symptomatic
therapy according to the general principles of treatment
for patients with CAD, heart failure, and hypertension
(National Guidelines, 2009, 2008): a low-salt (<1.5 g/
day) and low-cholesterol diet, antiplatelet medication
(acetylsalicylic  acid), B-blockers  (bisoprolol
fumarate), angiotensin-converting enzyme inhibitors
(enalapril maleate), and statins (rosuvastatin).

A total of 62 male patients were divided into two
groups: those with MCI according to the Petersen’s
criteria [30] (mean MMSE score 26.3+0.82, n = 25)
and those without MCI (mean MMSE 28.6+0.77, n
= 37). All patients underwent standardized physical,
neurological, and instrumental examinations. The
examiners were blind to the cognitive status of the
patients. The severity of the coronary lesions was
assessed using the findings of coronary angiography
(Innova 3100; GE Medical Systems, Carrollton,
TX, USA) and a SYNTAX calculator (http:/www.
syntaxscore.com/calc/start.htm). Echocardiography
was performed on expert-class equipment (Vivid
7; GE Medical Systems), with estimation of the
left ventricular ejection fraction (LVEF). Cognitive
function was assessed using the MMSE, FAB and
the Trial Making Test (TMT), Part A. Depression
(BDI-II), state, and trait anxiety (Spielberger
questionnaire) scores were evaluated.

All patients underwent CABG under normothermic
cardiopulmonary bypass (CPB). Standard anesthesia
and perfusion were carried out: combined endotracheal
anesthesia (diprivan, fentanyl, sevoflurane). The
average number of grafts placed, the mean CPB time,
and aortic cross-clamp time did not differ between
the two groups (Table 1). Invasive hemodynamic
monitoring, carried out during the operation, indicated
that there were no episodes of hypotension. Continuous
real-time monitoring of the adequacy of cortical
oxygenation (rSO2) was performed at all stages of the
surgery (INVOS 3100; Somanetics, Troy, MI, USA).
Brain hypoxia was not observed.
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Table 1
Preoperative and intraoperative characteristics.
Variables MCI group No-MCI | p-value
(n=25) group
(n=37)
Age (years) 56.5+5.15 56.6+5.20 0.76
Education
8-10 years 90% 52% 0.0003
14-15 years 10% 48%
FCNYHA
LI 83% 79% 0.48
111 17% 21%
LVEF 53.9+10.41% | 59.1+7.22% 0.047
SYNTAX 24.84+10.03 20.9+7.21 0.04
score
Diabetes 32% 29% 0.9
mellitus
ICA stenosis 29% 26% 0.9
CPB time 102.8+£26.08 96.7+27.41 0.45
(min)
ACC time 67.7£20.11 61.2+£16.61 0.25
(min)
Number of 2.5+0.88 2.7£0.69 0.62
grafts

Results are given as the mean+SD or the percent

MCI: mild cognitive impairment; CAD: coronary artery
disease; FC NYHA: functional class (New York Heart
Association); LVEF: left ventricular ejection fraction; ICA:
internal carotid artery; CPB: cardiopulmonary bypass,
ACC: aortic cross clamp.

EEG Recording and Processing

High-resolution monopolar EEG recordings
(62 channels, bandwidth 0.1-50.0 Hz) with eyes
closed were made 3-5 days before surgery and
7-10 days after GABG in patients with and without
MCI. The EEG was amplified (according to the
international 10-20 system) by Neuvo SynAmps?2
System (Compumedics, Charlotte, NC, USA)
using a modified 64-channel cap with sintered Ag/
AgCl electrodes (QuikCap; Neurosoft, El Paso, TX,
USA). A reference electrode was attached to the
tip of the nose and a ground electrode to the center
of the forehead. All electrode impedances were <5
kQ. The EEG was sampled at a rate of 1000 Hz
over approximately 5 min. The data were analyzed
off-line. We performed visual inspection for eye
movements, electromyographic interference, and
other artifacts. Artifact-free EEG fragments were
divided into 2-s epochs and underwent Fourier
transformation. For each subject, EEG power values
were averaged within the delta (0.1-4 Hz), theta-1

(4-6 Hz), theta-2 (6-8 Hz), alpha-1 (8-10 Hz),
alpha-2 (10-13 Hz), beta-1 (13-20 Hz), and beta-
2 (20-30 Hz) bands [13]. The EEG power values
of each channel for every subject in each band
were obtained. The data were log-transformed to
normalize the distribution.

Statistical Analysis

The software package STATISTICA 6.0 (StatSoft,
Tulsa, OK, USA) was used for all analyses of the
variables. Categorical clinical data were analyzed
with the 2 Pearson adjusted Yates test. Quantitative
measurements were done with the Wilcoxon and
Mann-Whitney tests. Statistical analyses of EEG
power data were performed on five clusters in each
hemisphere, such as frontal (Fpl/2, AF3/4, F1/2,
Fp3/4, Fp5/6, F7/8), fronto-central (FC1/2, FC3/4,
FC5/6, C1/2, C3/4, C5/6), temporal (FT7/8, T7/8,
TP7/8), centro-parietal (CP1/2, CP3/4, CP5/6, P1/2,
P3/4, P5/6, P7/8) and occipital (PO3/4, POS5/6,
PO7/8, O1/2) in each frequency range (see Fig. 1).
The midline sites (Fpz, Fz, etc.) were excluded.

Repeated-measures  analysis of  variance
(ANOVA) with MCI (patients with MCI or
without MCI), TIME (before CABG and 7-10
days after surgery), POSITION (five clusters) and
LATERALITY (left or right hemisphere) as within-
subject factors was used. Greenhouse-Geisser
correction was applied to all ANOVAs. Between-
group differences were determined by planned
comparisons. The Newman-Kells post hoc tests of
dynamics of EEG variables at separate clusters were
conducted. P<0.05 was considered to be statistically
significant.

Results

The patients in both groups were comparable
in age, severity of heart failure (FC NYHA), the
frequency and severity of internal carotid artery
(ICA) stenosis (Table 1). However, MCI patients had
lower level of education and more severe coronary
lesions by SYNTAX scores than those without MCI.
Moreover, CAD patients with MCI had lower LVEF
than those without MCI.

There were no life-threatening cardiac
arrhythmias, acute coronary insufficiency with
progression of heart failure, cerebral accidents, or
transient ischemic attacks in CABG patients during
the early postoperative period.

A statistically significant reduction in LVEF
was found 7-10 days after CABG compared to the
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preoperative data. LVEF reduced from 53.9+10.41%
to 50.2 £7.38% (p = 0.01) in MCI patients, and from
59.147.22% to 52.3+6.53% in patients without MCI
(p =0.00002).

The significant factors and interactions associated
with MCl-related topographic changes in EEG after
CABG were obtained only for theta-1 (4-6 Hz) and
beta-1 (13-20 Hz) frequency ranges.

ANOVA of the theta-1 power showed a
significant effect of the interaction of MCI x TIME
x POSITION (F4, 240 = 6.67, p = 0.0015). Post hoc
analysis revealed that patients with MCI had theta-1
power increase 7-10 days after on-pump CABG only
in frontal (p=0.00002) and fronto-central (p =0.01)
clusters of the right and left hemispheres, whereas in
the groups without MCI theta-1 power increase was
widespread over the brain (see Fig. 2). Between-
group differences of the dynamics of theta-1 rhythm
power were established for the occipital brain
areas (p = 0.02). Patients with MCI before CABG
had higher values of thetal power as compared to
the groups without MCI, but after surgery patients
without MCI had higher theta-1 power in these brain
regions.

In the beta-1 frequency range a statistically
significant interaction of factors MCI x TIME x
POSITION (F4, 240 = 593, p = 0.001) was also
found. CABG patients with MCI had an increase
in betal power on the frontal (p = 0.0003), fronto-
central (p = 0.007) and fronto-temporal (p = 0.001)
regions of the brain cortex (see Fig. 3) as compared
to the preoperative values. In the group without MCI
similar trend was observed only in occipital brain
clusters (p = 0.04).

No between-group differences of the dynamics
of betal rhythm power were found.

Discussion

Our study has found that CABG patients
demonstrated EEG signs of brain dysfunction and
damage (an increase in theta-1 and beta-1 powers)
in the postoperative period. Golukhova et al. [13]
have previously demonstrated similar results. The
authors suggested intraoperative cerebral ischemia,
provoked by hypoperfusion and microemboli, to
be the cause of EEG changes. In the other study,
Siepe et al. found that a physiological level of brain
perfusion during cardiopulmonary bypass (CPB)
(80-90 mm Hg) is associated with a lower incidence
of postoperative cognitive dysfunction and delirium
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[33]. The failure of autoregulation may be caused not
only by hypoperfusion and nonpulsatile blood flow
during CPB, but also vasomotor drugs [ 14]. However,
low cardiac output may be provoked by surgical
manipulations during CABG, leading to deterioration
of the central perfusion pressure and impaired blood
flow [27]. Moreover, blood-brain barrier damage,
caused by CPB-induced inflammation, cannot be
excluded. Both inflammation and microemboli are
often considered to play a major role in postoperative
brain dysfunction [32; 33].

The electrical brain function depends critically
on the cerebral blood flow and oxidative metabolism
of glucose, delivered to the brain tissue via the
arterial blood supply. Ischemia-induced EEG
alterations includes slowing (an increase of power
and amplitude slow waves) during subacute and
chronic ischemia [6; 16; 28]. Kramberger et al. [23]
suggested that EEG slowing in combination with
episodic EEG abnormalities is a probable marker of
neurodegeneration. In our previous studies, we have
reported that theta-1 power increased in CAD patients
after on-pump coronary artery bypass and was more
pronounced in patients with mild and moderate
carotid stenoses [38]. A beta-1 power changes in
CAD patients after on-pump coronary artery bypass
considered as an unambiguous pathological sign of
postoperative cortex dysfunction [13] and can be
described in terms of ischemia-reperfusion effects
on brain EEG oscillations [28].

In this study, we demonstrated that EEG signs of
cortical dysfunction were global, without topographic
specificity in CAD patients without MCI, whereas
MCI patients had postoperative theta-1 and beta-1
power changes in the frontal and central areas of the
cerebral cortex.

It is known that the frontal cortex regulates
cognitive activities such as decision-making,
response inhibition, planning and memory [10; 25].
In the study of van Dam et al. [40] MCI subjects
demonstrated an attention deficit with decreased
neural activation in the prefrontal and anterior
cingulate cortices. Other studies have shown that the
frontal lobes are the most vulnerable to the damaging
effects of ischemia, drugs and alcohol [8; 29].
According to our data, patients with MCI had higher
SYNTAX scores. This indicator may be an indirect
correlate of brain vessel lesions. It has previously
been shown that the severity of carotid stenoses and
the severity of CAD are significantly correlated [24;
36]. Accordingly, the cortical dysfunction on EEG
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localized in the frontal cortex can be critical, and
is associated with further progression of cognitive
deficits in patients with MCL

Importantly, before surgery MCI patients had
higher theta-1 power values than the non-MCI
group in occipital brain areas, where alpha rhythm
is typically dominant in healthy subjects. We can
assume that these EEG changes reflect the subcortical
activation following to chronic brain ischemia.

Our study had several limitations. First, making
additional studies for assessing atherosclerotic
changes in the intracranial arteries might be useful
to confirm our findings concerning ischemic brain
damage in CAD patients. Secondly, our sample set
was not large (n=62) that was not possible to show
the EEG power differences between the groups with
and without MCI, so further studies are required.

Conclusion

CAD patients with MCI have demonstrated
EEG signs of cortical dysfunction in the form of
increasing theta-1 and beta-1 power focused on the
frontal, fronto-central and fronto-temporal brain
areas, whereas in the group without MCI an increase
theta-1 power was widespread over the brain in early
postoperative period of CABG. The frontal cortical
dysfunction can be associated with the progression
of cognitive deficits, causing the loss of social
integration in CAD patients with MCI.
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