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Streszczenie
Wstęp: Monitorowanie czynności mózgu podczas operacji roz-
warstwień aorty może przyczynić się do lepszego zrozumienia 
śródoperacyjnych zmian jego czynności bioelektrycznej.
Cel: Ocena śródoperacyjna czynności bioelektrycznej mózgu 
za pomocą badania skompresowanego rozkładu widma (com-
pressed spectral array – CSA) podczas operacji z  zastosowa-
niem głębokiej hipotermii i  czasowego zatrzymania krążenia 
(deep hypothermic circulatory arrest – DHCA) oraz określenie 
wpływu operacji na funkcje poznawcze osób operowanych.
Materiał i metody: Badaniem objęto 40 chorych (31 mężczyzn 
i 9 kobiet) w średnim wieku 60,2 ± 8,6 roku, z rozpoznaniem 
ostrego rozwarstwienia aorty, poddanych leczeniu chirurgicz-
nemu w trybie nagłym, z zastosowaniem DHCA. Śródoperacyj-
nie czynność bioelektryczną mózgu monitorowano za pomocą 
badania CSA.
Wyniki: W okresie śródoperacyjnym nie zmarł żaden pacjent. 
U  31 chorych (74%) podczas DHCA obserwowano ciszę bio-
elektryczną mózgu. Najniższą moc całkowitą aktywności bio-
elektrycznej mózgu stwierdzono podczas DHCA, odpowied-
nio, dla półkuli lewej 0,01 ± 0,05 nW oraz dla półkuli prawej 
0,01 ± 0,03 nW. Wyniki testów neurologicznych uległy istotnie 
statystycznie pogorszeniu przede wszystkim u chorych, u któ-
rych w okresie DHCA obserwowano aktywność bioelektryczną 
mózgu.
Wnioski: Podczas operacji w głębokiej hipotermii do całkowi-
tego zaniknięcia czynności bioelektrycznej mózgu dochodzi 
u  ok. 75% chorych. Funkcje poznawcze u  chorych operowa-
nych w  głębokiej hipotermii ulegają istotnemu pogorszeniu 
we wczesnym okresie pooperacyjnym szczególnie u  chorych, 
u  których podczas DHCA obserwowano aktywność bioelek-
tryczną mózgu.
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Abstract
Introduction: Monitoring the central nervous system during 
aortic dissection repair may improve the understanding of the 
intraoperative changes related to its bioactivity.
Aim: The aim of the study was to evaluate the influence of 
deep hypothermia on intraoperative brain bioactivity meas-
ured by the compressed spectral array (CSA) method and to 
assess the influence of the operations on postoperative cogni-
tive function.
Material and methods: The study enrolled 40 patients (31 men 
and 9 women) at the mean age of 60.2 ± 8.6 years, diagnosed 
with acute aortic dissection. They underwent emergency ope
rations in deep hypothermic circulatory arrest (DHCA). During 
the operations, brain bioactivity was monitored with the com-
pressed spectral array method.
Results: There were no intraoperative deaths. Electrocerebral si-
lence during DHCA was observed in 31 patients (74%). The low
est activity was observed during DHCA: it was 0.01 ± 0.05 nW 
in the left hemisphere and 0.01 ± 0.03 nW in the right hemi-
sphere. The postoperative results of neurological tests deterio-
rated statistically significantly (26.9 ± 1.7 points vs. 22.0 ± 1.7 
points; p < 0.001), especially among patients who exhibited 
brain activity during DHCA.
Conclusions: The compressed spectral array method is clini-
cally useful in monitoring brain bioactivity during emergency 
operations of acute aortic dissections. Electrocerebral silence 
occurs in 75% of patients during DHCA. The cognitive func-
tion of patients deteriorates significantly after operations with 
DHCA.
Key words: dissection, DHCA, CSA, brain bioactivity.
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Introduction
The surgical treatment of acute dissections remains 

a challenge for cardiac surgeons due to the risk of periop-
erative complications. Monitoring brain function during the 
procedure is aimed at reducing the risk of central nervous 
system (CNS) complications. The methods of evaluating 
the degree of brain injury focusing on biochemical markers 
(NSE and S100β) did not find widespread clinical applica-
tion due to their low specificity [1].

During a surgical procedure, CNS function may be as-
sessed by evaluating: bioelectrical brain activity (electroen-
cephalography, compressed spectral array, bispectral index, 
somatosensory evoked potentials), blood oxygen satura-
tion in brain tissue (using low infrared light) or blood flow 
through the cerebral arteries (Doppler ultrasound).

One of the methods of monitoring the brain consists in 
evaluating its bioelectrical activity with compressed spec-
tral array (CSA). This enables the assessment of the elec-
trical function of each cerebral hemisphere within a given 
time period. Particularly, the method has been used in in-
tensive care units; many centers consider it as routine ex-
amination in this setting [2-4].

The aim of this study was to determine the influence of 
deep hypothermia during the surgical repair of acute aor-
tic aneurysms involving the ascending aorta and the aortic 
arch on the bioelectrical activity of the brain using CSA, as 
well as to determine the impact of said procedures on the 
cognitive function of patients.

Material and methods
The study encompassed 40 patients who underwent 

surgery after being diagnosed with acute aortic dissection. 
Each diagnosis was confirmed with contrast-enhanced 
computed tomography. The study group consisted of 40 pa
tients (31 men and 9 women) at the mean age of 60.2 ± 8.6 
who underwent emergency surgery. The medical history 
of 29 patients (72%) included arterial hypertension; bicus-
pid aortic valve was diagnosed in 9 patients (22.56%), and  
1 patient (2.5%) was diagnosed with peripheral vascular 
atherosclerosis. The mean EuroSCORE was 20.8 ± 9%.

Surgical access was obtained via median sternotomy. 
The arterial cannula for extracorporeal circulation was in-
troduced into the left femoral artery (39 cases, 97.5%) or 
the left subclavian artery (1 case, 2.5%). Venous cannula-
tion was performed on the right atrium. After the period 
of deep hypothermia, a  cannula was inserted through 
a previously introduced prosthesis into the ascending part 
of the aorta, and extracorporeal circulation was continued 
through this route.

Body temperature was reduced to 17°C (monitored with 
nasopharyngeal measurements).

Compressed spectral array (CSA) examinations were 
conducted using an IntelliVue MP70 monitoring system 
(Koninklijke Philips Electronics N.V., Netherlands). Electri-
cal brain function was monitored with an electroencepha-
lography (EEG) module, M1027A, analyzing two channels 
of EEG curves (one for each hemisphere) presented in real  

time. Electroencephalography trends are presented in the 
form of compressed spectral arrays (CSA) using numerical 
readings of 3 parameters. The evaluated parameter was to-
tal power (TP); the numerical reading of TP indicated the 
value of power within the whole frequency band (from 0.5 
to 30 Hz). Total power was recorded in nW. The five elec-
trodes for the CSA examination were placed in a standard 
fashion (type A), using the international 10-20 system em-
ployed routinely in EEG examinations.

Statistical analysis
Statistical calculations were performed using Statistica 

5.5 software (StatSoft, Tulsa, USA). All continuous variables 
were presented as mean ± standard deviation (SD). Normal 
distribution was verified with the Shapiro-Wilk W-test. To 
compare mean values in two groups with normal distribu-
tion, data analysis was performed using Student’s t-test for 
bound and free variables, respectively. In order to compare 
mean values in two groups that did not meet normal distri-
bution criteria, the Mann-Whitney U-test was used for free 
variables, and the Wilcoxon test was employed for bound 
variables. Qualitative variables were compared using Yates’ 
χ2 test or Fisher’s exact test. Linear dependence between 
two variables that did not follow normal distribution was 
calculated with Spearman’s non-parametric correlation co-
efficient. The value of p < 0.05 was considered significant 
for all statistical tests.

Results
Intraoperative period
None of the patients died during the intraoperative pe-

riod. The procedure consisted in the introduction of a vas-
cular prosthesis into the ascending aorta and the proximal 
segment of the aortic arch (hemiarch) in 28 patients (70%), 
a Bentall procedure in 9 patients (22.5%), and the introduc-
tion of an aortic valve prosthesis with the introduction of 
a vascular prosthesis of the ascending aorta in 3 patients 
(7.5%). Two patients (5%) underwent repeat surgery due 
to excessive postoperative drainage. Another two patients 
(5%) died on the 3rd and 7th postoperative day due to mul-
tiple organ dysfunction syndrome. Total ICU stay was 64.6 
± 32.2 h, while mechanical ventilation lasted 18.8 ± 3.4 h. 
The mean time of hospitalization was 19 ± 5 days. Signs of 
postoperative psychosis were noted in 19 patients (47%); 
they received prolonged sedation with continuous propofol 
infusion, which resulted in relieving the psychosis.

Compressed spectral array examination
During the initial examination, no significant differ-

ence was noted with regard to the total power (TP) of 
bioelectrical brain activity between the hemispheres (0.35  
± 0.25 nW vs. 0.27 ± 0.16 nW; p = NS). Throughout the pro-
cedure, significant TP reduction was noted in both hemi-
spheres. The lowest activity was observed during deep  
hypothermic circulatory arrest (DHCA): 0.01 ± 0.05 nW  
(left hemisphere) and 0.01 ± 0.03 nW (right hemisphere). 
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After extracorporeal circulation was started, electrocer-
ebral silence (ECS) was noted in 3 patients (7.5%) at the 
temperature of 30.4°C. In 31 patients (77.4%), ECS was 
noted during DHCA. During reperfusion, ECS persisted in 
11 patients (27.5%) at the temperature of 25.2°C and in  
2 patients (5%) it persisted after the end of extracorporeal 
circulation at the temperature of 36.4°C. Throughout the 
observation period, no significant differences were noted 
between the TP of the two hemispheres. Detailed data 
concerning the total power of bioelectrical brain activity in 
group 1 are presented in Figure 1.

The postoperative results of the mini-mental state ex-
amination (MMSE) indicated a significant deterioration of 
all studied parameters. The average postoperative total re-
sult was statistically significantly worse (p < 0.001), placing 
the patients in the range of mild dementia. It should be un-
derscored that 7 patients (17.5%) received a postoperative 
score of 20 points, corresponding to moderate dementia. 
The patients who exhibited bioelectrical brain activity dur-
ing DHCA achieved worse MMSE results (total mean value 
21.3; p < 0.05). Four patients from this subgroup (57%) were 
postoperatively diagnosed with moderate dementia. The re
sults of MMSE are presented in Table I.

Discussion
Patients diagnosed with acute aortic dissection who re-

quire surgical treatment are characterized by a high risk of 
intraoperative neurological complications due to the length 
of the procedure and the primary disorder. Attempts to 
identify the risk factors for CNS injury and intraoperative 
monitoring of CNS function facilitate the reduction or elimi-
nation of the risk of stroke.

One of the most important problems during surgical 
procedures using extracorporeal circulation is proper CNS 
protection. The precise mechanism of brain protection 
through the use of hypothermia is not fully elucidated [5]. 
It is assumed that the mechanism is secondary to the re-
duction in cellular metabolism, although this correlation is 
not linear in character [6].

Compressed spectral arrays (CSA) of the brain’s bioelec-
trical activity facilitate continuous brain function monitor-
ing on a time axis. The examination has found clinical ap-
plication in the intraoperative assessment of bioelectrical 
brain activity in patients undergoing carotid artery endar-
terectomy [7]. There are few reports concerning the use of 

the CSA examination during cardiac surgery. In a study by 
Sebel, compressed spectral arrays were described as one of 
the viable and useful examinations during heart operations 
[8]. The use of CSA for monitoring bioelectrical brain activ-
ity during cardiac procedures in order to reduce the risk of 
neurological complications was also described by Novitzky 
[9]. The CSA examination was also employed by Ohto et al. 
in several patients to monitor their brain function during  
procedures employing extracorporeal circulation, deep hypo
thermia, and retrograde cerebral perfusion [10].

During extracorporeal circulation, as the patient is 
cooled, the baseline level of the patient’s cellular metabo-
lism is reduced. One manifestation of the metabolic chang-
es occurring within the cells of the central nervous system 
is the decrease of their bioelectrical activity. This has been 
confirmed by the performed measurements, in which simi-
lar drops in total bioelectrical activity were observed in 
both hemispheres: from 0.35 ± 0.25 nW to 0.02 ± 0.03 nW 
in the left hemisphere and from 0.27 ± 0.16 nW to 0.05  
± 0.13 nW in the right hemisphere.

During procedures performed under hypothermia, the 
patient may enter a state of electrocerebral silence (ECS). 
Our study has confirmed that the temperature at which 
ECS is achieved varies from individual to individual. In 
the study group, ECS of both hemispheres was achieved 
during deep hypothermic circulatory arrest in 31 patients 
(75.4%). The conducted examinations showed no return of 
the brain’s bioelectrical activity during reperfusion in some 
patients. During extracorporeal circulation, no significant 
differences in activity were observed between the hemi-

Fig. 1. � Total brain bioactivity in each hemisphere measured by 
compressed spectral array (CSA)
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Tab. I. �Comparison of preoperative and postoperative results of the mini-mental state examination

Parameter Average preoperative score Average postoperative score p

Total score 26.9 ± 1.7 22.0 ± 1.7 < 0.001

Orientation to time 4.3 ± 0.5 3.1 ± 0.6 NS

Orientation to place 4.6 ± 0.5 3.1 ± 0.5 < 0.001

Memory 2.9 ± 0.8 2.4 ± 0.9 < 0.05

Attention 4.0 ± 0.9 3.1 ± 0.7 < 0.05

Recall 2.9 ± 0.7 2.1 ± 0.5 < 0.01
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spheres, which may indicate comparable cerebral flow in 
both hemispheres despite the presence of dissection.

The obtained results confirm that hypothermia sensitiv-
ity is individually variable with general features of response 
to moderate hypothermia characterized by a reduction in 
bioelectrical brain activity. The results indicate the need for 
examining bioelectrical brain activity in order to determine 
the individual DHCA parameters for each patient.

ECS at the temperature of 17°C was achieved in approx-
imately 77% of the patients. According to other authors, 
a complete lack of brain waves at the temperature of ap-
proximately 17 degrees can be observed in approximately 
50% of patients [11]. In turn, at the temperature of 18°C, 
electrical function can be observed in 40% of cases [12].

In the case of procedures performed under deep hypo-
thermia, applying ice packs locally in accordance with rec-
ommendations (around the head, including the occipital 
area) facilitates the preservation of low CNS temperature.

It appears that the preservation of CNS function may 
be influenced by other factors besides temperature, which 
can slow down or accelerate metabolism. For example, in-
juries sustained as a result of the reperfusion mechanism 
may lead to reversible or even irreversible changes in or-
gans including the CNS. Within the brain, an additional 
damaging stimulus during reperfusion is constituted by 
neural hyperreactivity inducing excessive release of toxic 
neurotransmitters. The brains of mammals are especially 
sensitive to their own neurotransmitters being released 
into the intercellular space [13]. When released from dam-
aged cells, glutamate, the most important of excitatory 
neurotransmitters, exerts a toxic effect on its environment 
by exciting the receptors of some cells [14-16].

During extracorporeal circulation, hematocrit values 
were maintained within the range of 20-30% in accordance 
with the assumptions concerning the compensatory influ-
ence of hemoglobin on hypothermia and the protective 
function of hemodilution. It has been demonstrated that, 
in the case of 30% and 20% values of hematocrit, the need 
for oxygen may be compensated; in such concentrations, 
intracellular acidosis is not present or remains minimal, de-
pending on the level of hemodilution [17].

Apart from the attempt to evaluate the usefulness of 
CSA in the cardiac operating room, an attempt was made 
to assess the influence of aortic aneurysm and dissection 
repair on the preservation of cognitive function. Although 
the bioelectrical activity of the patients’ brains returned 
to baseline values, limitations of cognitive function were 
observed. The deterioration was especially apparent in the 
group of patients operated on under deep hypothermia. 
The impairments in this group of patients involved mem-
ory range, orientation to location, as well as the ability to 
focus and recall memories. Short- and long-term memory 
impairments as well as longer time required for performing 
neuropsychological tests may be related to impaired carbo-
hydrate metabolism during extracorporeal circulation [18]. 
An increased number of errors in neuropsychological tests 
and longer performance time were noted in patients with 
hyperglycemia in type 1 and 2 diabetes [19].

Study limitations
The CSA examination does not provide information 

concerning the possible impairments in specific regions 
of the brain. It only analyzes the total activity in a  given 
hemisphere, which constitutes a  significant limitation of 
the method. In turn, the analysis of bioelectrical activity is 
only a method of computer analysis.

Conclusions
Based on the performed CSA examinations, it has been 

concluded that, during procedures conducted under mod-
erate hypothermia, the total power of bioelectrical brain 
function is reduced over five-fold. During operations con-
ducted under deep hypothermia, electrocerebral silence oc-
curs in approximately 77% of patients.

Based on the performed MMSE, it has been demon-
strated that the cognitive function of patients operated on 
under deep hypothermia deteriorates significantly during 
the early postoperative period, especially among patients 
in whom bioelectrical brain activity was observed during 
DHCA.
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