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BACKGROUND
Cerebral deoxygenation is related to several adverse systemic
consequences. We aimed to assess the effect of noninvasive monitoring
of cerebral oxygenation on reducing neurological complications after
cardiac surgery.
METHODS
In this randomized clinical trial, subjects were randomized into two groups:
intervention group (111 subjects with monitoring of cerebral oximetry) and
control group (112 subjects without any monitoring of cerebral oximetry).
Monitoring of regional cerebral oxygen saturation (rScO2) was performed
in the intervention group without any monitoring of cerebral oxygenation.
The rScO2 was not recorded in the control group and no specific treatments
were employed. Any neurological complications such as hallucinations,
delirium, stroke, and length of stay in ICU after surgery were recorded. A pvalue less than 0.05 was used as a cut-off for statistical significance.
RESULTS
After surgery, in the intervention group one (1/111=0.09%) patient suffered
from stroke and one patient had delirium, while in the control group three
patients had stroke and three (3/112=2.6%) had delirium. There was no
significant difference between the two groups regarding complications
(p=0.527). The length of stay in ICU was 3.49 ± 0.96 days in the case group
and 3.40 ± 0.80 days in the control group and there was no significant
difference in the two groups (p=0.477).
CONCLUSION
Monitoring of rScO2 does not seem to be a good monitor for brain
oxygenation. Further studies are needed to judge the usefulness of rScO2
for monitoring brain oxygenation.
Keywords: Regional cerebral oxygen saturation, cardiac surgery,
neurological complications
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INTRODUCTION
Advancing age and associated diseases in
patients undergoing cardiac surgery raise
postoperative neurological complications such as
stroke and other adverse perioperative
outcomes. (1-3) The prevalence of cognitive
impairment after coronary artery bypass graft
(CABG) surgery of more than 50%, as well as
the relationship of hypoxia of the brain with
nervous disorders, increased length of stay in ICU
and hospital stay are described in several
studies.(4,5) During cardiopulmonary bypass the
blood supply to the brain is impaired, due to
cerebral auto-regulatory dysfunction, arterial
embolism, cerebral venous obstruction, technical
problems, as well as the patient’s underlying
disease (carotid stenosis).(6,7)
Cardiac surgery under cardiopulmonary
bypass leads to an imbalance in brain oxygenation
and oxygen consumption. (8-10) Reducing
oxygenation of the brain is associated with
neuropsychiatric disorders after surgery (11-13)
Although the technology of transcranial nearinfrared spectroscopy (NIRS) was introduced 25
years ago for the measurement of cerebral
oxygen saturation, until recently there was little
interest in using it during surgery.(14) Brain
oximetry is a non-invasive method for monitoring
brain tissue oxygenation, which is probably the
benchmark for total brain oxygenation.(15) In a
review article, Zheng et al.(16) concluded that at
present, studies have not been able to prove that
intervention to modify the regional cerebral O2
saturation leads to a reduction in post-operative
neurological complications. There is no universal
definition of brain oxygen desaturation as
abnormal findings. In various reviewed studies,
both the relative reduction of brain oxygen
saturation from baseline, and its absolute
reduction (e.g., less than 50%) were used.(17-19)
Oximetry of the brain may be valuable in heart
surgery in detecting abnormality in cerebral blood
flow and its correction. In this study, we aimed
to assess the effect of noninvasive monitoring of
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cerebral oxygenation on reducing neurological
complications after cardiac surgery.
METHODS
Research design
A randomized clinical trial was carried out
on 223 patients who underwent cardiac surgery
with cardiopulmonary bypass (CPB) pump in
Tehran, Iran, between March 2017 and October
2018.
Research subjects
Using a computer-generated randomization
list, patients were divided into two groups:
intervention group (111 patients with monitoring
of cerebral oximetry), and control group (112
without any monitoring of cerebral oximetry).
Sample size determination
The calculation of sample size was based
on a presumed effect size of 0.4, a statistical
power of 80%, and a type I error of 5%, which
yielded 100 patients per group. However, for more
confidence at least 112 subjects per group was
considered in this study.
Intervention
In the intervention group, before anesthesia
patients had bilateral oximetry probe, and regional
brain oxygenation were recorded; during the
operation, rScO2 was continuously monitored and
recorded. If the absolute threshold of rScO2 was
less than 50%, interventions were performed to
maintain rScO2 over 50%. The rScO2 was not
recorded in the control group and no specific
treatments were employed. Before induction of
anesthesia and endotracheal intubation, all patients
in the case group had INVOS cerebral oximeter
sensors (INVOS 5100C; Somanetics Corp, Troy,
MI) placed bilaterally on the forehead and baseline
regional cerebral oxygen saturation values were
measured.
Performing of cerebral oximetry is not
compulsory and using it is not routine in our
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hospital due to its cost. This is the reason why
cerebral oximetry was not performed in the
control group.
Induction of anesthesia was performed
using fentanyl (7 µg/kg), diazepam (0.15 mg/kg),
and atracurium (0.5 mg/kg). After intubation for
maintenance, anesthesia comprised of fentanyl
(0.07 µg/kg/min), midazolam (0.5 µg/kg/min),
atracurium (0.8 µg/kg/min) and, if necessary,
propofol infusion (20–200 mg/h) was used.
Central venous pressure (CVP) was recorded
in the right internal jugular vein. Patient’s vital
signs were recorded every five minutes,
including blood pressure (BP) by the invasive
method, pulse rate (PR), core temperature by
the nasal method, oxygen saturation with pulse
oximetry (SPO2) and end-tidal CO2 (ET CO2)
and CVP.
Also, we maintained systolic blood pressure
at 100 to 110 mm Hg by nitroglycerin (TNG)
and inotrope. Heparin was injected after
sternotomy and discharging of the internal
thoracic artery and saphenous vein. Activated
clotting time (ACT) was checked three to five
minutes after injection of heparin. If the ACT
was equal to or more than 480 seconds, we
connected the patient to CPB pumps (pump type
was Stockert SIII with head type roller pump,
and prime fluid included: mannitol, Ringer,
heparin, bicarbonate, voluven and transamine.
The temperature of the patients was kept at
around 32-34° C during the CPB pump. Blood
flow rate of CPB pump was calculated based
on the body surface area (BSA) (2.4 l/min/
BSA). By changing blood flow rate of CPB pump
and using noradrenaline or TNG, mean arterial
pressure during cardiopulmonary bypass was
maintained between 50 to 80 mmHg. PaCO2
was maintained between 35-45 mmHg with
changing of oxygen flow of CPB pump and
monitored with measurement of arterial blood
gases. Arterial blood gases (ABG) were
determined after installing the arterial line, after
induction of anesthesia, after starting of CPB
pump, half an hour after the CPB pump, at end
of CPB and each time that there was a decrease
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in the oxygen saturation of the boundary. An
absolute threshold of brain saturation (e.g., less
than 50%) was used in the various studies.(17)
Interventions that occurred during the loss of
rScO2 below 50%, included increasing partial
pressure of carbon dioxide (PaCO2) to 45mmHg,
increasing blood pressure by increasing blood
flow pump, use of inotropes, and lowering
oxygen consumption of the brain using
barbiturates and repositioning the patient’s head.
Percentile of desaturation below 50% and
minutes of desaturation were recorded.
Patients were separated from the CPB
pump after establishing satisfactory conditions
such as hematocrit (Hct) equal to or more than
22%, normal electrolytes and acid-base status.
We started protamine sulfate for the reversal of
heparin. After the operation, patients were
transferred to the open heart intensive care unit.
Weaning and extubation were administered
according to the standards of the open heart
intensive care unit, such as complete
consciousness, hemodynamic stability,
appropriate drainage volume and normal chest
X-ray.
All patients had elective surgery and
emergency patients have not been investigated.
Intramuscular morphine (five mg) and one mg
oral lorazepam one hour preoperative were
administered to each patient. We conducted the
patients to the operating room with standard
monitoring. Vital signs and invasive blood
pressure monitoring by the left radial artery were
recorded.
Measurements
The serum fasting blood sugar (FBS), blood
urea nitrogen (BUN), creatinine, sodium,
potassium, Hb, and Hct of each patient were
measured preoperatively. Patients with a history
of psychological disorder as well as patients who
were taking psychiatric drugs were excluded.
Any neurological side effects such as
hallucinations, delirium, and stroke and so on up
to length of stay in ICU after surgery were
recorded.
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Statistical analysis
Data was presented as mean, SD,
frequency and percentage. The normality of the
data was assessed using the Kolmogorov–
Smirnov test. Independent t-test was used for
comparison of variables with normal distribution
between the two groups. For the quantity
variables with non-normal distribution, the Mann
Whitney test was used. Also, qualitative data
were analyzed by Chi-square and Fisher Exact
test depending on circumstance. SPSS version
17 software was used to analyze findings. The
p-value less than 0.05 was considered
statistically significant.
Ethical clearance
This study was registered in the Iranian
Registry of Clinical Trials under no.
IRCT20161022030421N2 cod. The protocol of
the study was confirmed by the ethics committee
of Baqiyatallah University of Medical Sciences
and informed consent was obtained from each
patient.

A

B

RESULTS
Two hundred thirty three patients were
screened for inclusion in the study. No one was
excluded, and a total of 233 patients was
randomized into the intervention group (111
patients) and 112 patients into the control group.
The primary analysis included all randomized
patients (Figure 1). They were followed up for
3-4 days post-surgery.
At base line age, gender and type of surgery
were similar between the two groups (Table 1).
Also, there was no statistically significant
difference between the groups based on
preoperative clinical factors and carotid artery
stenosis (Table 1 and Table 2). Comparison of
the two groups in terms of intraoperative clinical
factors indicated that there was no significant
difference between the two groups in terms of
CPB time and cross-clamp time (Table 2). In the
intervention group, one patient suffered from a
stroke (a man 61 years old with a history of
diabetes, hypertension, smoker and opium

C

Figure 1. The flow diagram of the subjects
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Table 1. Demographics, ejection fraction, type of surgery and pre-operative clinical factors
by treatment groups at base line

Age (years)
Ejection fraction ( %)

Intervention (n=111)
Mean (SD)

Control (n=112)
Mean(SD)

62.02 (10.34)
45.95 (9.24)
n (%)

59.98 (11.19)
46.71 (8.15)
n (%)

0.171
0.109

32 (28.8)
79 (71.2)

28 (25.2)
83 (74.8)

0.546 2

92 (86.0)
19 (17.8)
14 (13.1)

92 (83.6)
15 (13.5)
19 (17.1)

0.631 2
0.388 2
0.406 2

73 (65.8)
58 (52.7)
48 (43.2)
1 (1)
8 (7.2)
3 (2.7)
11 (9.9)
11 (9.9)
11 (9.9)
21 (18.9)
12 (10.8)
1 (0.9)

61 (54.5)
46 (41.1)
40 (35.7)
2 (1.8)
8 (7.1)
2 (1.8)
10 (8.9)
5 (4.5)
10 (8.9)
15 (13.4)
8 (7.1)
2 (1.8)

0.101 2
0.106 2
0.250 2
0.503 3
0.985 2
0.683 3
0.802 3
0.115 2
0.802 3
0.262 2
0.338 3
0.503 3

p value

Sex
Female
Male
Type of surgery
CABG
MVR
AVR
Risk Factors
Hypertension
Hyperlipidemia
Diabetes mellitus
Thyroid dysfunction
Kidney dysfunction
Transient ischemic attack
Cerebrovascular accident
Cigarette smoking
Pulmonary dysfunction
Opioid addiction
Myocardial infarction
Chemical lung injury
1: Independent Sample T-Test

2: Pearson Chi-Square Test

addiction. In the control group there were three
patients with stroke and three patients with
delirium. There was no significant difference
between the two groups. The length of stay in

3: Fisher Exact Test

ICU was 3.49 ± 0.96 days in the intervention
group and 3.40 ± 0.80 days in the control group
and there was no between difference between
the two groups (p=0.447) (Table 2).

Table 2. Comparison of the two groups in terms of the number of patients with carotid artery
stenosis, neurological complications after surgery, length of stay in ICU

Carotid
CVA
Delirium
Neurological
Length of stay in ICU (days)
CPB
CCt

Intervention (n=111)
n (%)
43 (38.7)
1 (0.9)
1 (0.9)
2 (3.6)
Mean (SD)
3.49 (0.96)
56.95 (17.92)
45.90 (16.23)

Control (n=112)
n (%)
40 (35.7)
3 (2.7)
3 (2.7)
6 (5.4)
Mean (SD)
3.40 (0.80)
59.85 (24.89)
40.88 (20.36)

p value
0.640 1
0.622 2
0.622 2
0.527 2
0.477 3
0.326 4
0.058 4

1: Pearson Chi-Square Test, 2: Fisher Exact Test, 3: Mann Whitney Test, 4: Independent Sample T-Test
ICU : intensive care unit; CVA :cerebro vascular accident; CPB : cardiopulmonary bypass ; CCt: Cross Clamp time
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Table 3. The average time(minutes) of rScO2 less than 50 in different stages in intervention group
Pre Pump
On Pump
Post Pump

Number of patients
30
23
52
49
23
22

Right
Left
Right
Left
Right
Left

In the intervention group, 73 patients had
at least one stage rScO2 less than 50% in one
side, 56 patients had at least five minutes of
rScO2 less than 50% in the left side and 57
patients in the right side. A total of 38 patients
had never rScO2 of less than 50%. Table 3 shows
the average time of rScO2 less than 50% in
different stages. The cerebral oxygen
desaturation at different stages follows the
following steps; pre-pump: 45 minutes in right

Mean (SD) (min)
26.67 (16.05)
26.30 (17.14)
26.35 (20.32)
27.04 (21.29)
23.48 (22.38)
20.23 (22.55)

side and 40 minutes in left side, in pump: 15
minutes in right side and 20 minutes in left side,
post pump: 20 minutes in right side and 10
minutes in left side (Table 4).
DISCUSSION
Neurological problems of cardiac surgery
have a huge effect on patient outcomes. In
adding to a decrease in the prevalence of

Table 4. The number of patients and duration of cerebral oxygen desaturation at different stages
Duration of
rScO2<50
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Pre Pump n (%)
Right
Left

On Pump n (%)
Right
Left

Post Pump n (%)
Right
Left

0 min

81 (73)

88 (79.3)

59 (53.2)

62 (55.9)

87 (78.4)

88 (79.3)

5 min
10 min
15 min
20 min
25 min
30 min
35 min
40 min
45 min
50 min
55 min
60 min
65 min
70 min
75 min
80 min
85 min
90 min
95 min
100 min
105 min
110 min

3 (2.7)
4 (3.6)
2 (1.8)
4 (3.6)
5 (4.5)
3 (2.7)
2 (1.8)
1 (0.9)
3 (2.7)
1 (0.9)
0
1 (0.9)
1 (0.9)
0
0
0
0
0
0
0
0
0

1 (0.9)
7 (6.3)
3 (2.7)
1 (0.9)
0
3 (2.7)
1 (0.9)
1 (0.9)
1 (0.9)
1 (0.9)
1 (0.9)
0
0
0
0
0
0
0
0
0
0
0

10 (9)
6 (5.4)
7 (6.3)
4 (3.6)
5 (4.5)

9 (8.1)
6 (5.4)
6 (5.4)
7 (6.3)
2 (1.8)
3 (2.7)
1 (0.9)
2 (1.8)
4 (3.6)
3 (2.7)
3 (2.7)
0
0
1 (0.9)
0
0
0
1 (0.9)
1 (0.9)
0
0
0

5 (4.5)
3 (2.7)
2 (1.8)
4 (3.6)
5 (4.5)
0
0
0
2 (1.8)
0
1 (0.9)
0
0
0
0
0
0
0
0
0
1(0.9)
0

6 (5.4)
3 (2.7)
3 (2.7)
5 (4.5)
1 (0.9)
2 (1.8)
0
1 (0.9)
0
0
0
0
0
0
0
0
0
0
0
0
0
1(0.9)

6 (5.4)
5 (4.5)
2 (1.8)
2 (1.8)
2 (1.8)
0
0
1 (0.9)
0
0
0
0
1 (0.9)
0
0
0
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neurological damage and length of hospital stay,
intra-operative use of cerebral oximetry
monitoring has been accompanied by early
detection of potentially severe brain damage
demanding fast mediation.(18,19)
There was no significant difference
between the two groups regarding age, sex,
type of surgery, preoperative clinical factors,
carotid artery stenosis, CPB time and crossclamp time. In terms of neurological
complications after surgery, in the intervention
group, one patient suffered from a stroke and
one patient had delirium, while in the control
group there were three patients with stroke and
three patients with delirium, but there was no
significant difference between the two groups.
Although in the case group 73 patients had brain
oxygen desaturation, neurological complications
were rare. There was no significant difference
between the two groups in terms of the length
of stay in ICU.
In contrast to this study, Parnia et al.(20)
indicated that in patients who had an in-hospital
cardiac arrest, it was proved that monitoring of
brain oxygen saturation could predict the return
of spontaneous circulation (ROSC). They also
demonstrated that patients with ROSC had
oxygen saturation above 30% for more than
50% of the duration of cardiac arrest, while those
who died had oxygen saturation below 30% for
more than 50% of their cardiac arrest duration.
In addition, other research performed brain
oximetry in patients who went to the intensive
care unit after resuscitation from cardiac arrest.
They did not find significant differences in the
oximetry of the brain in surviving patients
compared to those who died during 24-48 hours
post resuscitation.(21)
In a study on patients undergoing cardiac
surgery with CPB pump, it was concluded that
patients who had rScO2 drops had post-operative
neuropsychological disorders. But whether
intervention to maintain rScO 2 can prevent
neuropsychological disorders, has not been
investigated.(22) Moreover, the effect of brain
oximetry on neurocognitive function of patients
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after coronary surgery is that the cognitive
outcome in the oximetry group is significantly
better than that in the control group.(23)
In post hoc analysis in diabetic patients,
Murkin et al.(1) concluded that monitoring and
maintaining oxygen saturation in diabetic patients
reduce postoperative complications and the length
of stay in the ICU.
Slater et al.(4) divided 265 patients who
underwent coronary artery bypass grafting to
control and intervention groups. In the
intervention group, if rScO2 dropped 20% from
the base, intervention was performed to maintain
it. In the control group, rScO2 was recorded, but
there was no intervention to maintain it. The
investigators observed that patients with an rScO2
desaturation score above 3000%-second had a
higher risk of neurological complications after
surgery, and longer hospitalization periods.
Subramanian et al. (3) in a multicenter
research showed that 50% to 75% of cardiac
surgery patients have one or more rScO 2
desaturations while undergoing CPB.
Approximately 10% of desaturation events were
not recognized by clinicians, recommending that
suitable alert systems should be implemented to
warn clinicians of such happenings.
We tried to maintain pre-pump systolic blood
pressure between 100 to 110 mm Hg by using
TNG and inotrope and during cardiopulmonary
bypass by changing rate of CPB pump blood flow,
and using noradrenaline or TNG to maintain mean
arterial pressure at 50 to 80 mm Hg.
During the operation, patients in the case
group had continuous monitoring of the rScO2
during the entire period of the operation. If the
absolute threshold of rScO2 was less than 50%,
intervention was performed to maintain regional
rScO2 at, or above, the baseline value. As shown
in Tables 2 and 3, the intervention failed to
quickly reach the brain’s rScO2 of 50%. The
monitor rScO2 does not seem to be a good
monitor for brain oxygenation; instead,
maintaining hemodynamics in the various stages
of the operation is more important in reducing
neurological complications.

87

Zavareh, Araghizade, Eskandari, et al

The major limitation of this study was that
we did not restore hemodynamic stability with
the use of vasoactive drugs, when we could have
prevented neurological complications in both
groups. The use of rScO2 has a high cost for
medical service. Although our findings did not
show any differences between the two groups,
more studies are required to reach conclusions
on the application of rScO2 for monitoring brain
oxygenation.
CONCLUSION
The monitor rScO2 does not seem to be a
good monitor for brain oxygenation. Further
studies are needed to judge the usefulness of
rScO2 for monitoring brain oxygenation.
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