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Spinal Anestezi ile Yapılan Elektif Sezaryen Vakalarında Serebral Oksimetre 
Kullanımı: Randomize Prospektif Çalışma

Aim: To compare the effect of bupivacaine and bupivacaine/
fentanyl combination on cerebral oxygenation values with the 
Near-infrared spectroscopy (NIRS) technique in elective cesarean 
sections performed under spinal anesthesia.

Methods: Fifty patients who underwent cesarean section under 
spinal anesthesia were randomly divided into two groups. 7.5-
10 mg 0.5% hyperbaric bupivacaine was administered to the 
bupivacaine group (n=25) and 7.5-10 mg 0.5% hyperbaric 
bupivacaine+20-25 mcg fentanyl was given to the combination 
group (n=25). Heart rate, mean arterial pressure, peripheral 
oxygen saturation, mean values of regional cerebral oxygen 
saturation after spinal anesthesia were recorded preoperatively 
and the 1st, 5th, 10th, 15th and 20th minutes after anesthesia. The 
presence of perioperative nausea and vomiting was assessed 
with the Verbal Descriptive Scale.

Results: Significant difference was observed in mean arterial 
pressure values between groups (p=0.001). There was a 
statistically significant change in cerebral oxygenation values 
during surgery in both groups (p=0.001). The frequency of 
nausea and vomiting was lower in the combination group 
(p=0.009).

Conclusion: The non-invasive NIRS technique can be safely 
applied in the monitoring of cerebral oxygenation and 
hemodynamics in elective cesarean section procedures 
undergoing spinal anesthesia.

Keywords: Pregnancy, sesarean section, spinal anesthesia, 
cerebral oxygenation, intraoperative monitoring, near-infrared 
spectroscopy.

Amaç: Spinal anestezi ile yapılan elektif sezaryen vakalarında 

bupivakain ve bupivakain/fentanil kombinasyonunun serebral 

oksijenizasyon değerlerine etkisini Near-infrared Spektroskopi 

(NIRS) tekniği ile karşılaştırmak.

Yöntemler: Spinal anestezi ile sezaryen operasyonu olan 50 

hasta rastgele yöntemle iki gruba ayrıldı. Hastalardan bupivakain 

grubuna (n=25) 7,5-10 mg %0,5 hiperbarik bupivakain ve kombine 

grubuna (n=25) 7,5-10 mg %0,5 hiperbarik bupivakain+20-25 

mcg fentanil uygulandı. Hastaların, spinal anestezi uygulaması 

sonrası kalp atım hızı, ortalama arteriyel basıncı, periferik oksijen 

satürasyonu, rejyonel serebral oksijen satürasyonunun ortalama 

değerleri preoperatif ve anestezi uygulamasının 1, 5, 10, 15, 20 

dk sonrasında kaydedildi. Peroperatif bulantı kusma varlığı Verbal 

Deskriptif Skala ile takip edildi.

Bulgular: Her iki grupta ortalama arter basıncı değerleri arasında 

anlamlı değişim gözlendi (p=0,001). Gruplarda cerrahi süresince 

serebral oksijenizasyon değerleri arasında istatistiksel olarak 

anlamlı değişim oldu (p=0,001). Kombine grupta bulantı-kusma 

görülme sıklığı daha az saptandı (p=0,009).

Sonuç: Spinal anestezi uygulanan elektif sezaryen vakalarında 

serebral oksijenizasyon ve hemodinami takibinde girişimsel 

olmayan NIRS tekniği güvenle uygulanabilir.

Anahtar­Sözcükler: Gebelik, sezaryen yöntemi, spinal anestezi, 

serebral oksijenasyon, intraoperatif izleme, yakın kızıl ötesi 

spektroskopi
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Introduction
Cesarean delivery, which is becoming increasingly 

common worldwide, should have a frequency of around 
10-15% of births; however, its use is rapidly increasing, 
especially in developing countries (1). In our country, 
the frequency of cesarean section reached 53.1% in 
2016 (2). Spinal anesthesia for cesarean section has 
various advantages over general anesthesia, such as 
the lack of influence on mental functions, continuation 
of spontaneous breathing, enabling the patient to stay 
awake, reductions in thromboembolic complications and 
blood loss, early mobilization, and shortening the duration 
of hospitalization. In spinal anesthesia, local anesthetics 
are used either alone or in combination with adjuvant 
compounds. The most commonly used adjuvant agents 
are opioids. The addition of opioids to local anesthetics 
decreases the dose of local anesthetic required, the 
incidence of side effects on the central nervous system 
and cardiovascular system, while also shortening the 
onset of anesthetic action (3-5).

Non-invasive Near-infrared spectroscopy (NIRS) 
devices, such as the INVOS (Covidien, Somanetics, Troy, 
MI) device, can be used to measure the saturation of 
critical watershed areas in which circulation consists of a 
mixture of 1/3 arterial and 2/3 venous blood (6). In recent 
years, non-invasive NIRS has also begun to be widely used 
in surgeries wherein regional anesthesia is applied (7).

In our study, we aimed to compare intrathecal 
hyperbaric bupivacaine and intrathecal hyperbaric 
bupivacaine with fentanyl adjuvant in patients undergoing 
elective caesarean section, with regard to their effects 
on hemodynamic parameters and cerebral oxygenation 
values during surgery.

Methods

Study­Design

Fifty patients between the ages of 18-40 years who 
underwent caesarean section with spinal anesthesia 
between 01.08.2013 and 31.12.2013 were included 
in our study. The ethical approval for the study was 
obtained from the local ethics committee (decision 
protocol number: 2013/0037), and informed consent 
was obtained from each patient included in the study. 
The patients were randomly divided into 2 groups with 
the closed envelope technique: those that received 7.5-
10 mg 0.5% hyperbaric bupivacaine (bupivacaine group, 
n=25) and those that received 7.5-10 mg 0.5% hyperbaric 
bupivacaine +20-25 mcg fentanyl (combination group, 
n=25). The patient exclusion criteria of the study were 
as follows: refusal of spinal anesthesia administration, 
presence of bleeding diathesis, determination of infection 
at the intervention site, having neurological or cardiac 

comorbidities, documented or suspected allergy to any of 
the drugs used, history of psychiatric illness, having any 
type of pregnancy complication (preeclampsia, gestational 
diabetes, presence of fetal anomaly, etc.), being diagnosed 
with placenta previa, ablatio placenta or HELLP, and 
receiving anticoagulant treatment. After the exclusion 
criteria was applied 74 patients were initially enrolled in 
the study after signing informed consent forms. However, 
due to various reasons, such as switching to general 
anesthesia as a result of unsuccessful spinal anesthesia 
(n=6), massive bleeding during surgery (>2000 cc) (n=2), 
development of respiratory depression after spinal block 
(n=1), and transition to general anesthesia as a result of 
bowel injury during surgery (n=1), a total of 10 patients 
were excluded from the study (Figure 1).

The demographic and examination data of the patients 
(age, weight, height, ASA class, gestational weeks), the 
average values of heart rate (HR) after spinal anesthesia, 
mean arterial pressure (MAP), peripheral oxygen 
saturation (sPO

2
) and the mean values of regional cerebral 

oxygen saturation (rSO
2
) measured from the right-left 

hemispheres were recorded preoperatively and the 1st, 
5th, 10th, 15th and 20th minutes after anesthesia. In case 
the MAP fell below 80% of baseline value, intravenous (iv) 
ephedrine (5-10 mg) was administered. The time of first 
ephedrine administration and total ephedrine amounts 
were recorded. In case of bradycardia (HR <50 beats/
min), iv atropine 0.5 mg was administered. The presence 
of preoperative nausea and vomiting was assessed with 
the Verbal Descriptive Scale (VDS) (15) (0=no nausea, 
1=mild nausea, 2=moderate nausea, 3=frequent vomiting, 
4=severe vomiting).

Spinal­Anesthesia­Technique

Before the intervention, 20 mL/kg/hour iv crystalloid 
was administered in 30 minutes, and then spinal anesthesia 
was performed with a pen-tipped (M. Schilling) 25 G needle 
from the L3-4 gap in an appropriate position under sterile 
conditions. Patients were randomly divided into two equally-
sized groups, the bupivacaine group and the combination 
group, according to the administered drug (s). The 
bupivacaine group (n=25) was administered 0.5% hyperbaric 
bupivacaine 7.5-10 mg via the intrathecal route, whereas 
the combination group (n=) was administered fentanyl 20-
25 mcg+0.5% hyperbaric bupivacaine via the intrathecal 
route. After the applications, 4 L/min O

2
 was provided to all 

patients with a face mask. Pin-prick test was used to evaluate 
the presence of sensory blockade. Surgery was initiated after 
reaching a sensory blockade at the T4-T6 level.

The­NIRS­Technique

The NIRS device was used to monitor intraparenchymal 
and microcirculatory oxygenation in the frontal cortex, 



Onur et al. Cerebral Oximetry in Cesarean Section

11

and thereby was utilized as a measure of cerebral tissue 
oxygenation. The INVOS monitor has a light source and a 
probe with two photodetectors placed in the right and left 
anterior hemispheres of the forehead. The photodetector 
closest to the light source absorbs superficial rays (from skin, 
bone and fat tissue), while the other photodetector absorbs 
rays from deep brain tissues. The rSO

2
 measurement, in 

which the oxygen saturation values of the right and left 
hemispheres are expressed in percent (%), measures the 
ratio of oxyhemoglobin of the area under the sensor to 
total hemoglobin based on the difference in the relative 
transmittance of biological tissue to near infrared light. 
This ratio is expressed as the percentage value of rSO

2
. 

Its reference value ranges from 58% to 82% in healthy 

individuals. During hypoxia, hypocapnia, hypercapnia and 
arterial hypotension, rSO

2
 index values change and can be 

used to assess cerebral oxygenation.

Statistical­Analysis

Data analysis was done using the IBM SPSS 22.0 statistics 
package program. Quantitative data were presented as 
mean and standard deviation, and qualitative data were 
presented as numbers and percentages. For quantitative 
data, the repeated measures analysis of variance test was 
used for the temporal comparison of multiple groups, 
and the independent samples student t-test was used 
for comparison of the two subject groups. chi-square (X2) 
tests were used for the comparison of qualitative data. 

Figure­1. CONSORT 2010 flow diagram
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The Spearman rho correlation coefficient was calculated 
to analyze correlations. Analysis results with a probability 
(P) a less than 0.05 were accepted as significant, whereas 
higher values were accepted to be insignificant. 

Results
There were no differences between the two groups 

in terms of age, weight, height, gestational week, total 
fluid replacement, amount of ephedrine use, time of 
first ephedrine administration, and sPO

2 
values (Table 

1-3). All patients were accepted as ASA II. Ephedrine 
administration was needed at an average of 7-8 minutes 
after spinal anesthesia. An average of 10 mg of ephedrine 
was administered to 10 patients in the bupivacaine group 
and to 11 patients in the combination group.

MAP and HR values of the groups are shown in Table 
3. In both groups, the initial MAP values were found to 
be higher than all other values during surgery (p=0.001), 
the MAP values recorded during skin incision were higher 
than the MAP values recorded at the 5th minute after the 
skin incision in both groups (p=0.048, p=0.012).

There was a statistically significant change in rSO
2
 

values recorded during surgery in both groups (p=0.001). 
The decrease in rSO

2 
values (compared to baseline) during 

skin incision, at the 5th minute after incision, and at the 
moment of delivery were statistically significant (p<0.001). 
There was no significant difference between the two 

groups in terms of rSO
2
 values recorded during surgery 

(p>0.05, Table 3).
A significant difference in VDS values between 

measurement time-points during the surgery was 
identified in the bupivacaine group (p=0.009); however, 
there was no significant difference in the combination 
group (p=0.108). The VDS values of the bupivacaine group 
at the 5th minute after skin incision and at the moment of 
baby delivery were found to be higher than the respective 
values of the combination group (p=0.027 and p=0.003, 
respectively; Table 3).

Correlation analyses revealed weak positive correlations 
between rSO

2
 and MAP values measured at the time of 

skin incision (r=0.326; p=0.021), at the 5th minute after 
skin incision (r=0.326; p=0.021), and at the 5th minute 
after baby delivery (r=0.352; p=0.012) (Table 4).

Discussion
In our study, we compared a group receiving hyperbaric 

bupivacaine to a group in which fentanyl was added to 
hyperbaric bupivacaine, in terms of cerebral oxygenation 
and various other characteristics. Although significant 
decreases were observed in rSO

2
 according to baseline 

values in both groups (until baby delivery), rSO
2
 values 

were similar between the groups. Ephedrine was generally 
required in the first 10 minutes of surgery in both groups. 
The incidence of nausea and vomiting was lower in the 
combination group.

Hypotension is the most common complication after 
spinal anesthesia (8). Hypotension should not be allowed 
to develop during caesarean section, as it may cause 
changes in the physiology of both the new-born and the 
mother. Since hemodynamic instability and hypotension 
may develop rather frequently in relation with the use 
of local anesthetics during spinal anesthesia, opioid 
addition has emerged as a reliable method to prevent 
such occurrences (9). In addition, it is known that the 
combination of opioids with local anesthetics shortens 
the onset time of sensory and motor block, and facilitates 
more effective and long-term anesthesia (10). There is no 
definite instruction regarding the intrathecal dose of local 
anesthetics and opioids. The lowest effective fentanyl dose 
reported to be used in caesarean section is 6.25 mcg (11). 
There are studies suggesting that 20-30 mcg of fentanyl 
should be added to bupivacaine (12,13). Kang et al. (14) 
compared the combination of 8 mg 0.5% hyperbaric 
bupivacaine and 5 mg 0.5% hyperbaric bupivacaine with 
25 mcg fentanyl, and showed that the combination of 
bupivacaine and fentanyl provided better hemodynamic 
stability. Meyer et al. (15) studied patients who underwent 
spinal anesthesia in caesarean section procedures by 
forming two groups according to drug administration 

Table 2. Total fluid replacement given in the groups. the amount 
of ephedrine use. the mean time of first ephedrine administration 
and the number of patients administered ephedrine within the 
group (n: mean ± SD)

Group 
bupivacaine

Group 
combination

p*

Total fluid replacement 
(Crystalloid) (ml)

1352±82.26 1368±69.04 0.460

Amount of ephedrine 
used (mg)

10±4.08 9±2.11 0.501

Time of first ephedrine 
administration (min)

7.30±4.79 7.19±4.77 0.955

Number of patients that 
received ephedrine (n)

10 11 0.774

*Student t-test SD: Standart deviation

Table 1. Comparison of age. height. weight. gestational week 
values of the groups (mean ± SD)

Group 
bupivacaine

Group 
combination

p*

Age 29.56±3.82 29.84±4.09 0.804

Weight (kg) 75.72±8.15 77.6±6.98 0.385

Height (cm) 161.6±3.61 162.32±5.09 0.556

Gestational week 38.8±0.99 39.08±0.91 0.143

*Student t-test, SD: Standart deviation
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(15 mg bupivacaine and 12 mg bupivacaine+15 mcg 
fentanyl), similar to our study design. While there was no 

difference between blockade characteristics between the 
groups, they found that the incidence of nausea/vomiting 

Table­3. Comparison­of­HR,­MAP,­SpO
2
,­rSO

2
,­VDS­values­of­the­groups­during­surgery­(mean­±­SD)

T0 T1 T2 T3 T4 T5 T6 p-value

HR

Bupivacaine 
group
Combination 
group
p*

92.36±9.53
93.2±13.03
0.79

98.28±17.24
96±18.63
0.65

99.76±19.56
95.76±19.08
0.46

98.86±18.45
98.28±16.08
0.71

105±19.46
99±15.63
0.23

96.32±14.7
94.8±14.86
0.71

95.48±18.18
91.43±13.2
0.37

p>0.05
p>0.05

MAP

Bupivacaine 
group
Combination 
group
p*

92.72±11.83
91.4±10.48
0.67

82.48±14.79
82.56±12.43
0.98

77.72±15.19
75.8±12.52
0.62

80.08±19.35
81±13.59
0.84

79.12±12.2
81±11.39
0.68

80.96±7.86
81±11.39
0.98

81.92±9
78.92±10.09
0.27

T1-T2 p=0.048
Other p>0.05
T1-T2 p=0.012
Other p>0.05

SpO
2

Bupivacaine 
group
Combination 
group
p*

99±1.08
98.96±0.79
0.88

99.16±0.75
98.92±1.22
0.41

98.8±0.96
99.44±0.94
0.18

98.96±1.24
99.44±0.65
0.09

99.32±0.75
99.28±1.02
0.87

99.6±0.58
99.4±0.76
0.31

99.56±0.58
99.36±0.76
0.32

p>0.05
p>0.05

rSO
2

Bupivacaine 
group
Combination 
group
p*

63.84±7.96
65.12±6.46
0.53

60.4±8.04
61.32±6.54
0.65

59.52±9.36
59.32±8.8
0.93

60.16±9.36
60.24±7.76
0.97

66.64±8.25
66.96±9.8
0.91

65.92±7.06
66.36±10.3
0.86

67.68±8.51
66.44±9.9
0.63

T0-T3:p<0.001
T0-T3:p<0.001

VDS

Bupivacaine 
group
Combination 
group
p*

- 
- 
-

0.12±0.33
0.12±0.33
1

0.28±0.61
-
0.027

0.44±0.71
-
0.003

0.36±0.57
0.16±0.47
0.18

0.24±0.66
0.12±0.33
0.42

0.08±0.28
0.04±0.2
0.56

p=0.009
P>0.05

*Student-t test, **Student-t test, HR: Heart rate, MAP: Mean artery pressure, SpO
2
: Peripheral oxygen saturation

,
 rSO

2
: Cerebral oxygen saturation, VDS: Verbal descriptive 

scales. T0: anesthesia onset, T1: Skin incision, T2: 5th minute after skin incision, T3: Moment of baby delivery, T4: 5th minute after baby delivery, T5: 10th minute after baby 
delivery, T6: 20th minute after baby delivery

Table 4. Correlation of rSO2 and MAP values of groups

rSO2

T0 T1 T2 T3 T4 T5 T6

MAP

T0
r 0.067

p 0.645

T1
r 0.370

p 0.008*

T2
r 0.326

p 0.021*

T3
r 0.128

p 0.376

T4
r 0.352

p 0.012*

T5
r 0.26

p 0.068

T6
r 0.229

p 0.110

* p<0.05, r: Spearman-rho correlation.
MAP: Mean artery pressure, rSO

2
: Cerebral oxygen saturation, T0: Anesthesia onset, T1: Skin incision, T2: 5th minute after skin incision, T3: Moment 

of baby delivery, T4: 5th minute after baby delivery, T5: 10th minute after baby delivery, T6: 20th minute after baby delivery
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and hypotension were more common in the bupivacaine 
group (15). In our study, while nausea and vomiting 
were also found to be more common in recipients of 
bupivacaine only, no difference was observed between 
the groups according to hemodynamic parameters. In 
both groups, the lowest MAP was seen at the time of 
delivery and during the first 5 minutes following delivery. 
This situation has been associated with sympathetic 
blockade in relation with the use of spinal anesthesia. 
The sensory block in both groups was at the T4-T6 level, 
and the average time it took to develop adequate block 
was 3.5-4.5 minutes. Phenylephrine and ephedrine are 
routinely administered to increase MAP and cerebral 
perfusion in anesthesia-related hypotension that develops 
during perioperative processes (16). Since ephedrine is an 
agent with positive chronotropic and inotropic effects, 
it has become the preferred agent in hypotension that 
develops during regional anesthesia (17). In our study, the 
frequency and amount of ephedrine administration and 
hemodynamic responses were found to be similar in both 
groups. rSO

2 
reflects the balance between cerebral oxygen 

delivery and oxygen requirements, is affected by changes 
in blood oxygenation, cerebral blood flow, hemoglobin 
concentration and cerebral metabolism. Cerebral oximetry, 
which is widely used in neurosurgery and cardiovascular 
surgery because it provides critical information pertaining 
to the oxygenation level in cerebral tissue, is recently 
being used in surgeries where regional anesthesia is 
applied. A previous study reported a 5% decrease 
in rSO

2 
value compared to baseline with NIRS-based 

measurements in 38 patients who underwent caesarean 
section under spinal anesthesia (18). The sensitivity of 
the NIRS technique to predict hypotension in caesarean 
sections performed with the use of spinal anesthesia was 
determined to be 100% and the specificity was 85%. 
The study by Fassoulaki et al. (19) reported rSO

2
 changes 

during the operation in 35 pregnant women undergoing 
elective caesarean section with spinal anesthesia. In the 
study, 1.8-2 mL 0.75% ropivacaine+10 mcg fentanyl were 
administered intrathecally to the patients. In about half 
of the patients, especially in the 5th and 10th minutes 
after spinal anesthesia administration, a decrease in rSO

2
 

values from 65% (baseline) to 55% was observed, and 
it was stated that the clinical effects of these decreases 
could be investigated in detail in the long term. In another 
study, 42 patients who underwent caesarean section were 
divided into two groups as isobaric bupivacaine recipients 
and hyperbaric bupivacaine recipients and the effects on 
rSO

2
 were compared. It was concluded that hemodynamic 

parameters remained stable and cerebral oxygenation 
was preserved in the group receiving isobaric bupivacaine 
(20). Kaori Yamazaki et al. (21) recorded perioperative 

rSO
2
 values of 18 pregnant women who underwent 

caesarean section. In patients with placenta previa or 
massive bleeding, rSO

2 
rapidly decreased from 67.2% to 

54.2%, while there was no change in sPO
2
 measured 

simultaneously. In the same study, the average rSO
2
 

before induction in pregnant women with preeclampsia 
was found to be significantly higher than normotensive 
women. In the study conducted by Van Noord et al. 
(22), while a decrease in MAP was observed in 19.5% of 
patients who were scheduled for general anesthesia and 
had undergone surgery with controlled hypotension due 
to major bleeding, the rSO

2
 decrease was measured as 

21.5% on the left and 14.7% on the right. Hypotension and 
cerebral desaturation were observed in the transition to a 
semi-sitting position in 42% of shoulder arthroscopy cases 
in which the risk of developing hypotension was increased 
due to surgical position (23). In a study involving patients 
undergoing shoulder surgery, a decrease in cerebral 
oxygenation associated with controlled hypotension was 
identified together with a decrease in cerebral blood 
flow in simultaneous Doppler measurements; however, 
the sPO

2
 values of these patients had not demonstrated 

any significant change throughout surgery (24). Similarly, 
in our study, a decrease in rSO

2
 values was found to be 

associated with a decrease in MAP values, especially in 
the measurement time-points with sympathetic blockade. 
The absence of simultaneous sPO

2
 changes indicates that 

cerebral oximetry monitoring is more sensitive than sPO
2 

monitoring, especially when it is considered that cerebral 
oxygenation level is critical in such surgeries.

Ephedrine was administered to prevent the decrease in 
cerebral perfusion associated with hypotension in patients 
whose right-left rSO

2 
average fell below 50%. In a study 

conducted in patients undergoing cardiac surgery, there 
was observational evidence that decreased intraoperative 
and preoperative cerebral oximetry levels gave an idea of 
poor postoperative outcomes, and that intra-operatively 
decreased cerebral oximetry levels could be reversed by 
interventions aimed at optimizing cerebral oxygenation 
(25). Especially in patients with increased risk for 
hypotension, such as pregnant women, those undergoing 
surgeries requiring non-supine positioning, patients 
with advanced age, those with risks for bleeding, and 
individuals undergoing cardiac surgery, cerebral oximetry 
measurements may be crucial in terms of enabling timely 
intervention(s) to prevent reduced cerebral perfusion.

Study­Limitations

Since we did not measure the amount of fluids 
administered before and after surgery and the amount of 
urine output, we could not analyze our data with regard 
to these variables, indicating a limitation in the assessment 
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of overall hemodynamic stability of the patients. Secondly, 
our study was conducted on a small number of patients 
due to financial limitations that affected the number of 
patients that could be included enrolled. Lastly, the effect 
of hypotension and rSO

2
 reduction on cognitive functions 

were not assessed in the postoperative period. Future 
studies would benefit from including a higher number of 
patients.

Conclusion
We think that cerebral oximetry can be used as an 

effective and reliable perioperative method of monitoring 
in patients undergoing cesarean section with spinal 
anesthesia, especially in cases with a high probability of 
developing hypotension.
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