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Streszczenie
Wstęp: W celu ograniczenia częstości występowania powikłań 
neurologicznych po operacjach kardiochirurgicznych podejmo-
wane są różne działania. Należy do nich śródoperacyjne mo-
nitorowanie funkcji ośrodkowego układu nerwowego (OUN).
Celem pracy była ocena wpływu utrzymywania regionalnej 
saturacji mózgowej w  wyznaczonych granicach na częstość 
występowania powikłań neurologicznych typu I we wczesnym 
okresie pooperacyjnym u chorych w wieku ≥ 75 lat poddawa-
nych zabiegom kardiochirurgicznym. Analizowano także czę-
stość występowania innych powikłań w obu grupach.
Materiał i metody: Do grupy badanej zakwalifikowano pacjen-
tów operowanych w 2011 r., u których śródoperacyjnie moni-
torowano oksymetrię mózgową i utrzymywano jej wartość na 
optymalnym, indywidualnie wyznaczonym poziomie. Grupę 
kontrolną stanowili chorzy, u  których zrezygnowano z moni-
torowania ScO2. Do badań włączono chorych ≥ 75. roku życia. 
Grupa badana liczyła 119, kontrolna 138 chorych. Do monito-
rowania ScO2 wykorzystano metodę spektroskopii w widmie 
bliskim podczerwieni.
Wyniki: Chorzy w grupie monitorowania ScO2 byli znamiennie 
starsi i w tej grupie częściej odnotowano przebyty udar OUN. 
Mimo to wczesne udary pooperacyjne wystąpiły z tą samą czę-
stością w obu grupach. Chorzy w grupie badanej charakteryzo-
wali się w okresie pooperacyjnym krótszym czasem wentylacji 
płuc i  mniejszą liczbą przetoczonych jednostek koncentratu 
krwinek czerwonych, mimo że w grupie kontrolnej więcej cho-
rych sklasyfikowano w I grupie wydolności wg NYHA. Pacjenci 
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Abstract
Background: The  optimization of cerebral oxygen delivery 
variables by using noninvasive cerebral oximetry could reduce 
the incidence of stroke. 
The aim of the study was to evaluate the effect of the intraop-
erative management of oxygen delivery on neurological func-
tion during the early postoperative period in elderly patients 
undergoing cardiac surgery.
Material and methods: This observational study included 257 
patients, aged 75 and above, who underwent surgery in 2011. 
In the study group (119 patients), cerebral oxygen saturation 
was monitored and managed in order to maintain the oxime-
try values within individually assigned optimal levels. The con-
trol group (138 patients) underwent cardiac surgery without 
the  intraoperative monitoring of cerebral oximetry. The  two 
groups were dissimilar with regard to age, EuroSCORE risk fac-
tors, previous cerebral vascular accidents, and chronic kidney 
disease. More patients in the control group had preoperative 
NYHA class I. 
Results: There was no difference between the groups with re-
gard to the  incidence of permanent stroke. Total ventilation 
time was significantly shorter in the study group. Patients in 
the study group required shorter lung ventilation and a lower 
number of packed red blood cell units. The length of postop-
erative ward and hospital stay was longer among the patients 
with low values of baseline cerebral oximetry (< 50%).
Conclusions: These findings suggest that intraoperative pa-
tient management based on cerebral oxygen monitoring may 
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Introduction
The development of surgical techniques and improve-

ments carried out with regard to perioperative care fail to 
influence the incidence of neurological complications. Car-
diac surgery procedures are increasingly often performed 
in elderly patients with systemic diseases, which foster 
the occurrence of cerebral events [1].

Neurological complications fall into two categories. 
Type I  includes anoxic encephalopathy, coma, ischemic or 
hemorrhagic stroke, and TIA (transient ischemic attack). 
Type II is characterized by a  lack of focal symptoms, and 
usually manifests itself in the  form of agitation, convul-
sions, and cognitive function impairments [2].

A  large number of patients after cardiac surgery pro-
cedures (3-72%) develop symptoms of delirium, which is 
not a mild, self-limited process [3]. Patients with delirium 
require longer mechanical ventilation and suffer from 
malnourishment; their hospitalization is prolonged, and 
the associated treatment costs rise dramatically. They are 
predisposed to develop surgical wound infections as a re-
sult of atypical behavior, respiratory system infections re-
sulting from secretion retention, as well as blood and uri-
nary tract infections due to prolonged central venous and 
bladder catheterization. Moreover, persistent cognitive 
impairments develop, deteriorating the patient’s quality of 
life after surgery [4].

The  incidence of neurological complications after car-
diac procedures is estimated at 1.4-6%; this percentage 
rises to 9% with regard to patients over 75 years of age, 
and to 16% with regard to patients with preoperative risk 
factors of complications [2]. Mortality in this group is in-
creased by 3-4 times. Carotid artery stenoses, which are 
often observed in patients qualified for cardiac surgery 
procedures, are responsible for 20% of strokes in the popu-
lation of adult patients. Atherosclerotic changes in the ca-
rotid arteries not only constitute a  risk factor of central 
nervous system (CNS) stroke but are also a manifestation 
of generalized arterial atherosclerosis [5].

Patients in whom stroke is diagnosed during their hos-
pitalization are characterized by higher mortality, a larger 
number of complications, and worse functioning at dis-
charge in comparison to patients in whom stroke occurs 

improve the postoperative course in elderly patients after car-
diac surgery.
Key words: elderly patients, cerebral oximetry, cardiac surgery.

outside the  hospital [6]. Neurological complications are 
most often encountered in patients treated at departments 
of cardiology, cardiac surgery, and vascular therapy. Inva-
sive procedures, such as cardiac surgery and intravascular 
interventions, are the most frequent cause of intrahospital 
strokes [7]. Mortality is high in this patient group, as it ex-
ceeds 18%, and the cause of death is the stroke itself or its 
consequences, often without any relation to the disorders 
for which the patient was admitted to the hospital [6].

Neurological complications may also prevent the  suc-
cessful surgical treatment of heart diseases. Various meas-
ures are being taken in order to limit their incidence. Among 
them is the  intraoperative monitoring of CNS function. 
The method used in the present study was the monitor-
ing of regional hemoglobin oxygen saturation, measured in 
the frontal lobes in the brain. 

The  aim of the  study was to evaluate the  influence 
of maintaining regional cerebral saturation within ranges 
established individually for each patient on the  incidence 
of type I neurological complications during the early post-
operative period in patients aged ≥  75 years undergoing 
cardiac surgery procedures. Other postoperative complica-
tions were also analyzed.

Material and methods
This work is an observational study, approved by the Bi-

oethics Committee of the  Medical University of Silesia 
(MUS) in Katowice. Decisions concerning the  intraopera-
tive use of ScO2 (cerebral hemoglobin oxygen saturation) 
monitoring were made by a specialist anesthesiologist, re-
sponsible for providing anesthesia.

The study group included patients undergoing surgery 
at the Clinic of Cardiac Surgery and Transplantology of MUS 
in the year 2011, in whom cerebral oximetry was monitored 
intraoperatively in order to react to cases of desatura-
tion with measures aimed at maintaining saturation at 
the optimal, individually assigned level. The control group 
consisted of patients in whom ScO2 monitoring was not 
employed. Only patients older than 75 years of age were in-
cluded in the study, which encompassed 261 patients in to-
tal. Four patients were excluded from the analysis because 
of incomplete oximetry records. The study group ultimately 

z grupy badanej częściej obciążeni byli współistniejącą prze-
wlekłą niewydolnością nerek, co pozostawało bez wpływu na 
częstość stosowania terapii nerkozastępczej w okresie poope-
racyjnym. Pacjenci z niską wyjściową saturacją mózgową dłu-
żej przebywali na oddziale pooperacyjnym i dłuższy był czas 
ich hospitalizacji.
Wnioski: W  obu grupach częstość występowania powikłań 
neurologicznych typu I  była podobna. Uzyskane wyniki uza-
sadniają stwierdzenie, że śródoperacyjne utrzymywanie ScO2 
na optymalnym poziomie działa protekcyjnie na funkcję narzą-
dów we wczesnym okresie pooperacyjnym.
Słowa kluczowe: pacjenci w zaawansowanym wieku, oksyme-
tria mózgowa, zabiegi kardiochirurgiczne.
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comprised 119 patients, and the control group 138 patients. 
Preoperative group data are presented in Table I.

ScO2 monitoring was conducted using near-infrared 
spectroscopy (NIRS). The monitoring scheme and the rules 
for reacting to desaturation were presented in an article 
published in 2011 [8]. Desaturation time was calculated as 
the total of the two brain hemispheres. Total desaturation 
time, i.e. the total duration of saturation below 50%, was 
calculated in seconds.

Within the  study group, a  separate patient subgroup 
was created, consisting of patients in whom the value of 
initial saturation was less than 50% (16 patients). Patients 
with initial saturation < 50% were of significantly lower 
height; more of them suffered from unstable coronary ar-
tery disease (51.5% vs. 81.3%), and more of them under-
went procedures using extracorporeal circulation (44.7% 
vs. 75%). 

All procedures were conducted under general anesthe-
sia. Anesthesia was induced by administering etomidate, 
sufentanil, and rocuronium. The maintenance of anesthe-
sia was achieved by infusions of sufentanil and propofol, as 
well as periodic inhalations of sevoflurane. Pulse oximetry, 
ECG, direct arterial blood pressure measurements, and cen-
tral venous pressure were monitored continuously. In some 
patients, cardiac output was monitored continuously as 
well using thermodilution measurements (on the decision 
of the attending anesthesiologist).

In patients undergoing off-pump surgery for ischemic 
heart disease, 2 mg/kg heparin was administered, while 
patients requiring extracorporeal perfusion received a hep-
arin dose of 3 mg/kg.

Extracorporeal circulation was conducted in moder-
ate hypothermia. Blood cardioplegia was used in a ratio of 
1  : 4. Pressure was maintained within the range of 50-70 
mm Hg; in some patients, this required the administration 
of nitroglycerin or norepinephrine. Hematocrit level was 
maintained at 25-29%. Gasometry was conducted in ac-
cordance with the α-stat principle. The effects of heparin 
were reversed by administering protamine sulfate.

The data concerning the type and mode of surgery, ex-
tracorporeal circulation time, and aortic clamping time are 
presented in Table II. The data include both the study group 
and the control group (Table II). 

The  presented data also include the  subgroup of pa-
tients with baseline saturation < 50% (Table III). Procedures 
using extracorporeal circulation were performed signifi-
cantly more often in patients with low baseline CNS satu-
ration.

The following complications were noted during the post-
operative period:

Low cardiac output syndrome was diagnosed in cases 
in which the use of more than one catecholamine was re-
quired, or if the cardiac index was lower than 2.4 l/m2 of 
body area in patients in whom hemodynamic monitoring 
involved the use of a Swan-Ganz catheter.

Postoperative bleeding was defined as the necessity of 
reoperation due to drainage from the postoperative wound. 

The number of packed red blood cells units administered 
during the patients’ stay in the postoperative ward was re-
corded.

Reoperation was defined as the necessity of resternoto-
my due to bleeding, tamponade, or heart failure refractory 
to pharmacotherapy on the day of the surgery, or during 
the first postoperative 24 hours.

The time of mechanical pulmonary ventilation, as well 
as the  necessity of reintubation and tracheostomy, was 

Tab. I.� Demographic data and preoperative condition of both pa-
tient groups

ScO2 monitoring

No (n = 138) Yes (n = 119) p

Mean St. dev. Mean St. 
dev.

Age 77.67 ±2.96 78.65 ±2.63 0.0003

Female gender 71 51.5% 55 46.2% 0.477

Weight 76.07 ±13.03 75.11 ±12.20 0.556

Height 163.90 ±8.95 165.31 ±9.10 0.134

BMI 28.23 ±4.33 27.53 ±3.89 0.089

EuroSCORE 7.19 ±1.98 7.97 ±2.29 0.004

EF 50.71 ±9.32 48.40 ±9.52 0.053

CCS 1 30 22.2% 25 21.6% 0.992

2 43 31.9% 38 32.8% 0.999

3 46 34.1% 35 30.2% 0.589

4 16 11.9% 18 15.5% 0.517

NYHA 1 36 26.3% 17 14.3% 0.029

2 68 49.6% 59 49.6% 0.939

3 28 20.4% 37 31.1% 0.065

4 5 3.7% 6 5.0% 0.802

Unstable disease 
course

85 61.6% 66 55.5% 0.385

Previous infarction  
< 90 days

21 15.2% 27 22.7% 0.170

Cardiogenic shock 0 0.0% 1 0.8% 0.941

IABP (mechanical 
support) 

0 0.0% 1 0.8% 0.941

Previous PTCA/stent 37 26.8% 30 25.2% 0.881

Arterial hypertension 109 79.0% 99 83.2% 0.486

Diabetes 57 41.3% 46 38.7% 0.761

CKD (creatinine > 200) 15 10.9% 26 21.9% 0.026

Carotid arterial athe-
rosclerosis

12 8.7% 16 13.5% 0.309

Previous CNS stroke 4 2.9% 12 10.1% 0.034

Peripheral vascular 
atherosclerosis

13 9.4% 16 13.5% 0.413

BMI – body mass index, EuroSCORE– European System for Cardiac Operative 
Risk Evaluation, EF – left ventricular ejection fraction in % calculated echocar-
diographically, CCS – grading scale of angina pectoris, NYHA – grading scale for 
the extent of circulatory insufficiency, IABP – intra-aortic balloon pump, CKD – 
chronic kidney disease, CNS – central nervous system
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evaluated. Acute renal failure was diagnosed in patients in 
whom the use of renal replacement therapy was required.

Bleeding from the  gastrointestinal tract, acute intes-
tinal ischemia, liver failure, and acute cholecystitis were 
qualified as complications of the gastrointestinal tract.

The assessment included only type I neurological com-
plications. The patients were diagnosed based on neuro-
logical examination, which was later verified by computed 
tomography. The  incidence of delirium was not analyzed, 
because tools that would allow for the diagnosis of hypoac-
tive or mixed delirium were not used.

The mortality analyzed in the study was defined as intra-
hospital death occurring within 30 days after the procedure.

Statistical analysis
As the studied quantitative variables were not in accord-

ance with normal distribution, the non-parametric Mann-
Whitney U  test was used for finding possible differences 
between the  groups. Qualitative variables were analyzed 
with Yates’ χ2 test. In order to determine the differentiation 
properties for the  duration of intraoperative cerebral de-
saturations, ROC (receiver operating characteristic) analy-

sis was performed. In order to determine the optimal cutoff 
point, equal costs of misclassification were assumed.

The  data in the  tables are presented as mean and 
standard deviation for quantitative variables or as amounts 
and percentages for fractions.

The value of p < 0.05 was considered as statistically sig-
nificant for the purposes of the whole analysis. All calcula-
tions were performed using the statistical software pack-
age Statistica v10.0 by StatSoft (StatSoft, Inc., Tulsa, USA).

Results
Low cardiac output syndrome was diagnosed in 40.3% 

of patients in the  study group and 38.4% of patients in 
the control group. The incidence of the syndrome did not 
differ between the groups. In both groups, low cardiac out-
put syndrome occurred significantly more often in patients 
undergoing surgery with the use of extracorporeal circula-
tion (p < 0.001). The necessity of using adrenaline at a dose 
of more than 0.1 µg/kg/min and noradrenaline did not dif-
fer between the groups. In both groups, mechanical cardiac 
support with the use of intra-aortic balloons was employed 
with the same frequency.

Tab. II.� Type and mode of surgery conducted in the two groups

ScO2 monitoring

No Yes p

(n = 138) (n = 119)

OPCAB/MIDCAB 67 48.6% 61 51.3% 0.758

CABG 8 5.8% 4 3.4% 0.531

Valves 36 26.1% 38 31.9% 0.371

Complex 27 19.6% 16 13.5% 0.253

Unplanned surgery mode 55 39.9% 61 51.3% 0.088

Circulation time (min) n = 71/58 120.41 44.23 115.83 47.91 0.394

Clamp time (min) n = 71/58 77.31 33.51 73.24 29.57 0.194

OPCAB – off-pump coronary artery bypass, MIDCAB – minimally invasive direct coronary artery bypass, CABG – coronary artery bypass grafting

Tab. III.� Type and mode of surgery conducted in the study group and the subgroup of patients with baseline saturation below 50%

Baseline saturation < 50%

No Yes p

(n = 103) (n = 16)

OPCAB/MIDCAB 57 55.3% 4 25.0% 0.047

CABG 3 2.9% 1 6.3% 0.955

Valves 29 28.2% 9 56.3% 0.051

Complex 14 13.6% 2 12.5% 0.784

Unplanned surgery mode 50 48.5% 11 68.8% 0.217

Circulation time n = 46/12 114.93 51.30 119.25 33.39 0.404

Clamp time n = 46/12 71.91 31.19 78.00 23.39 0.221

OPCAB – off-pump coronary artery bypass, MIDCAB – minimally invasive direct coronary artery bypass, CABG – coronary artery bypass grafting
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Postoperative bleeding from the operated site occurred 
in 9.4% of controls and 4.2% of study group patients; sta-
tistical significance between the groups was not achieved. 
The total number of units of packed red blood cells (u pRBC) 
transfused during the stay at the postoperative ward was 
significantly higher in the control group (3.79 u pRBC/pa-
tient) than in the study group (2.44 u pRBC/patient). 

Sixteen patients from the  control group (11.6%) and 9 
patients from the  study group (7.5%) required reoperation, 
which does not constitute a statistically significant difference. 

Patients from the  control group required significantly 
longer mechanical ventilation; statistical significance was 
calculated as p = 0.014. No patients from the study group 
required reintubation. The necessity of reintroducing ven-
tilation therapy was noted in 6 patients from the control 
group. There was no statistically significant difference with 
regard to the frequency of reintubation in the two groups. 
Tracheostomy was performed in 2 patients in the control 
group, whereas no patients from the study group required 
this procedure. The frequency of performing tracheostomy 
in the two groups did not achieve statistical significance. In 
all cases, the reason behind the necessity of reintroducing 
mechanical lung ventilation was respiratory failure of vari-
ous etiology.

Renal replacement therapy was used in 4 patients 
from the control group and 1 patient from the study group. 

The frequency of employing renal replacement therapy did 
not differ between the groups.

One patient in the control group suffered from an ab-
dominal complication in the form of paralytic ileus result-
ing from uremic syndrome.

Type I  neurological complications were observed in 
7 patients from the  control group and 6 patients from 
the study group. All complications were ischemic strokes. 
The  incidence of this complication was similar in both 
groups (Table IV).

The  length of postoperative ward stay and the  length 
of hospital stay did not differ between the groups. Mortal-
ity in the two groups was also similar: 2.2% in the control 
group and 0.8% in the study group (Table V).

Within the study group, a separate patient subgroup 
was created, consisting of patients with baseline regional 
CNS saturation lower than 50%. The  patients with cer-
ebral saturation below 50% received more units of pRBC 
during the  procedure and during their hospitalization. 
The incidence of particular complications and total com-
plications did not differ between the  subgroup of pa-
tients with baseline saturation below 50% and the study 
group (Table VI).

The patients with baseline cerebral saturation < 50% re-
quired significantly longer stays at the postoperative ward 
and the hospital (Table VII).

Tab. IV.� Incidence of complications in both monitored groups

ScO2 monitoring

No Yes p

(n = 138) (n = 119)

Low cardiac output syndrome 53 38.4% 48 40.3% 0.851

Adrenaline > 0.1 4 2.9% 7 5.9% 0.385

Levonor 25 18.1% 18 15.1% 0.636

IABP 4 2.9% 4 3.4% 0.883

Bleeding 13 9.4% 5 4.2% 0.165

pRBC administered intraoperatively 1.14 1.72 1.04 1.55 0.165

pRBC outside the operating theater 2.51 3.88 1.86 1.93 0.698

pRBC total 3.64 5.14 2.90 2.86 0.855

Reoperation 16 11.6% 9 7.5% 0.322

Ventilation time 13.44 22.32 9.89 12.86 0.014

Reintubation 6 4.4% 0 0.0% 0.059

Tracheostomy 2 1.5% 0 0.0% 0.544

Renal replacement therapy 4 2.9% 1 0.8% 0.460

Abdominal complications 1 0.7% 0 0.0% 0.941

Neurological complications 7 5.1% 6 5.0% 0.784

Total complications 15 10.9% 14 11.8% 0.977

Type I neurological complications were included.
IABP – intra-aortic balloon pump, pRBC – 1 unit of packed red blood cells
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Sensitivity, specificity, and ROC curve analysis, com-
bined with area under the curve calculation, indicate that 
the method has moderate differentiation properties (AUC = 

0.78). The most useful cutoff value is 2496 s, a time inter-
val calculated with 66.7% sensitivity and 90.3% specificity 
(Fig. 1).

Tab. V.� Length of postoperative ward stay, length of hospital stay, mortality

INVOS monitoring

No Yes p

(n = 138) (n = 119)

Length of postoperative ward stay 2.77 3.26 2.50 3.18 0.286

Length of hospital stay 10.80 9.27 10.77 8.48 0.764

Mortality 3 2.2% 1 0.8% 0.722

Tab. VI.� Incidence of complications among patients with baseline saturation below 50%

Baseline saturation < 50%

No Yes p

(n = 103) (n = 16)

Low cardiac output syndrome 39 37.9% 9 56.3% 0.262

Adrenaline > 0.1 5 4.9% 2 12.5% 0.523

Levonor 16 15.5% 2 12.5% 0.952

IABP 3 2.9% 1 6.3% 0.955

Bleeding 4 3.9% 1 6.3% 0.818

pRBC administered intraoperatively 0.92 1.48 1.81 1.80 0.021

pRBC outside the operating theater 1.66 1.71 3.13 2.75 0.011

pRBC total 2.58 2.55 4.94 3.89 0.002

Reoperation 7 6.8% 3 18.8% 0.263

Ventilation time 9.64 13.30 11.50 9.87 0.087

Reintubation 0 0.0% 0 0.0%  

Tracheostomy 0 0.0% 0 0.0%  

Renal replacement therapy 1 1.0% 0 0.0% 0.282

Abdominal complications 0 0.0% 0 0.0%  

Neurological complications 4 3.9% 2 12.5% 0.395

Total complications 10 9.7% 4 25.0% 0.177

Type I neurological complications were included.
IABP – intra-aortic balloon pump, pRBC – 1 unit of packed red blood cells

Tab. VII.� Length of postoperative ward stay, length of hospital stay, and mortality in the study group after establishing the patient sub-
group with baseline regional CNS saturation < 50%

Baseline saturation < 50%

No Yes p

(n = 103) (n = 16)

Length of postoperative ward stay 2.20 2.63 4.44 5.25 0.001

Length of hospital stay 10.02 7.92 15.63 10.51 0.0005

Mortality 1 1.0% 0 0.0% 0.282
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Discussion
The aim of the intraoperative maintenance of the val-

ue of cerebral saturation (ScO2) at the optimal level is to 
eliminate hypoperfusion and preserve positive oxygen bal-
ance in the  CNS during the  procedure [9]. It is expected 
that the use of this technique may limit the  incidence of 
early neurological complications in patients after cardiac 
surgery procedures. The  retrospective analysis conducted 
by Goldman et al. [10] indicated that the  introduction of 
intraoperative cerebral oximetry monitoring combined with 
the use of a procedural algorithm in cases of desaturation 
decreased the  incidence of postoperative strokes, limited 
the  number of patients requiring prolonged lung ventila-
tion, and shortened the time of hospitalization after heart 
procedures. Yao et al. [11] proved that a reduction of ScO2 
to below 40% during procedures using extracorporeal cir-
culation is associated with early postoperative dysfunction 
of the CNS. Slater et al. [12] confirm the higher incidence 
of cognitive impairment and longer hospitalization time 
in patients subject to longer durations of intraoperative 
cerebral desaturation. Hong et al. [13] did not document 
the  relationship between NIRS monitoring and the  inci-
dence of cognitive impairment in patients after cardiac 
valve procedures. However, the authors confirm the longer 
hospitalization time in patients subject to intraoperative 
cerebral desaturation. They suggest treating ScO2 monitor-
ing as a parameter representing systemic oxygen balance 
(index organ), as demonstrated by Murkin et al. [14] in their 
well-designed randomized study. 

The  authors of the  latter study monitored regional 
CNS saturation, and, in the case of desaturation (a drop in 
saturation > 20% of the baseline value), they reacted with 
measures aimed at restoring the optimal blood oxygena-
tion conditions in the CNS. It appears that the duration of 
cerebral desaturation was thus maximally shortened. No 
reduction in the  incidence of neurological complications 
was demonstrated in the  study group in comparison to 
the controls. The etiology of all registered strokes was is-
chemic. In accordance with the current guidelines, stroke 
is defined as new focal symptoms or a global neurological 
deficit persisting for more than 24 hours. The same defini-
tion applies to patients in the immediate postoperative pe-
riod. A stroke diagnosed during the preparation for extuba-
tion is defined as an early stroke. The diagnosis of a delayed 
(deferred) stroke can be made if no neurological symptoms 
were observed immediately after extubation [15]. This type 
of complication occurs most frequently during the 3rd post-
operative day. The development factors of the two types of 
complications vary. Independent factors of the occurrence 
of early stroke include generalized atherosclerosis, porce-
lain aorta, complex procedures, and long duration of extra-
corporeal circulation. The occurrence of delayed stroke is 
influenced by two types of risk factors: demographic and 
postoperative. It is worth noting that delayed stroke occurs 
more frequently in patients with unstable coronary artery 
disease. The most probable causes of the complication are 
believed to include the  discontinuation of anticoagulants 

and the rebound effect during the early postoperative pe-
riod involving the occurrence of thrombosis. In the opinion 
of the authors of the present study, the causes of delayed 
stroke may also include therapy improving blood coagula-
tion parameters, introduced during the  early postopera-
tive period in patients with increased drainage (fresh fro-
zen plasma, platelet concentrate, tranexamic acid). Taking 
the above into account and considering the cost of blood 
and blood products, we try to rationalize the transfusions 
performed at the postoperative ward, using a principle of 
targeted therapy, i.e. determining the parameters of the cir-
culatory system and supplementing the lacking elements. 

The documented causes of delayed stroke also include 
atrial fibrillation and low cardiac output syndrome during 
the early postoperative period requiring the prolonged use 
of catecholamines [16]. At one year after surgery, the ex-
pected lifespan of patients after early stroke is nearly iden-
tical to that of patients in whom no neurological compli-
cations occurred. The prognosis for patients after delayed 
stroke in whom the risk factors of neurological complica-
tions persist is different [15]. The present study analyzed 
the incidence of early stroke, which was demonstrated to 
be independent from the intraoperative values of brain oxi-
metry. It is worth underscoring that the  incidence of pre-
vious stroke, mean age, and operative risk, expressed as 
EuroSCORE values, were higher in the study group. It can, 
therefore, be surmised that the risk of intraoperative stroke 
was higher in the study group. It should, however, be noted 
that postoperative neurological complications also occur in 
patients with low or moderate preoperative risk of their oc-
currence [17]. 

The results of the conducted study confirm the reports 
by the authors cited above, pertaining to the improvement 
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of the general organ function of patients in whom intra-
operative monitoring was employed and cerebral satura-
tion was maintained at the optimal level. The patients in 
the study group underwent ventilation for shorter periods 
of time than the controls. The frequency of using renal re-
placement therapy was comparable in both groups; how-
ever, the study group was characterized by a significantly 
higher incidence of chronic kidney disease before the pro-
cedure in comparison to the  control group. Patients with 
low baseline cerebral saturation were transfused with 
a significantly higher number of packed red blood cell units 
in comparison to the remaining patients in the study group. 
The cardiac surgery ward uses restrictive criteria for blood 
transfusion. The criteria are relaxed in the case of unstable 
hemodynamic condition, prolonged mechanical lung ven-
tilation, elevated lactate concentration, reduced venous 
blood saturation, or reduced mixed venous blood satura-
tion. The presented results suggest a more severe clinical 
condition of the patients from the low baseline saturation 
group, even though the complication statistics do not con-
firm this. It appears that setting the functioning of implant-
ed cardiac ventricles in accordance with cerebral oximetry 
indications is more efficacious than using continuous cardi-
ac output measurements for the same purpose [18]. It can, 
therefore, be assumed that regional cerebral saturation 
constitutes an indication of systemic oxygen balance. All 
measures taken in order to optimize ScO2 have the same 
effect with regard to systemic tissue perfusion, resulting in 
a reduction of complications during the early postoperative 
period [14]. Monitoring ScO2 and preventing CNS desatura-
tion provides a unique opportunity for preventing “silent” 
but potentially dangerous ischemia of other organs and tis-
sues. Cerebral oximetry measurements are conducted with 
a  non-invasive technique, and, in view of the  presented 
facts, it may be used to substitute the invasive continuous 
monitoring of mixed venous blood saturation [19]. It should 
be stressed that no synchronous correlation has been found 
between cerebral desaturation events and lowered arterial 
blood saturation measured with pulse oximetry [20].

The ROC curve is a graphical representation of the com-
promise between sensitivity and specificity. The area under 
the curve (AUC) indicates that cerebral oximetry is a useful 
method for predicting neurological complications. The AUC 
value of 0.78 confirms moderate differentiation properties. 

A low baseline value of ScO2 reflects significant impair-
ment of circulatory system function and is associated with 
a complicated postoperative course. A baseline value of ScO2 
≤ 50% is an independent risk factor for short- and long-term 
mortality in patients after cardiac surgery procedures with 
the use of extracorporeal circulation [21]. The study did not 
demonstrate a  more frequent incidence of postoperative 
complications in the  group of patients with low baseline 
cerebral saturation, but it can be surmised that the patients 
were characterized by a  more difficult course of the  early 
postoperative period. Such conclusions are warranted by 
the significantly longer durations of hospital stay and post-
operative ward stay observed in the group of patients with 

low baseline CNS saturation. It might be worth considering 
whether a  low baseline value of ScO2 could be treated as 
an indication for extended hemodynamic monitoring during 
the intraoperative and postoperative period [22]. In the group 
with low baseline saturation, a significantly higher number 
of coronary artery bypass procedures was performed with 
the use of extracorporeal circulation. The reasons for adopt-
ing such a  strategy most often include diffuse atheroscle-
rosis and small coronary vessel size. Small coronary artery 
diameter is one of the cited causes of the worse results of 
coronary artery bypass procedures in women [23]. Our ma-
terial did not reveal any predominance of female gender in 
the  group of patients with low baseline saturation. How-
ever, it should be stressed that the group included only 16 
patients. 

One significant limitation of the  study is the  lack of 
cognitive impairment assessment and delirium analysis in 
both groups. The  evaluation of cognitive function before 
surgery and before discharge is the  domain of psycholo-
gists. It was not possible to organize the  study in a  way 
that would enable a psychological evaluation of cognitive 
function at two time points. Furthermore, the incidence of 
delirium was not assessed. In our ward, we do not employ 
the  tools necessary for diagnosing the  different types of 
delirium. We only diagnose its hyperactive form, and only 
this form is treated in a typical manner.

Conclusions
The  patients from the  ScO2 monitoring group were 

significantly older, and previous CNS strokes were more 
frequent in this group. Nevertheless, early postoperative 
strokes occurred with the same frequency in both groups. 
During the postoperative period, the patients in the study 
group required shorter lung ventilation and a lower number 
of packed red blood cell units. They were more often bur-
dened with concomitant chronic kidney disease, which did 
not affect the  frequency of employing renal replacement 
therapy during the postoperative period. 

The obtained results corroborate the theory that the in-
traoperative maintenance of ScO2 at the optimal level pro-
tects organ function during the early postoperative period. 
However, confirming this hypothesis requires further study.
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