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ABSTRACT
Background: Spinal hypotension causes decreased regional cerebral oxygen saturation (ScO2) in women undergoing cesarean
delivery. In this study we aimed to measure the change in ScO2 using near infrared spectroscopy in women receiving a prophylactic
phenylephrine infusion during cesarean delivery under spinal anesthesia.
Methods: This was a prospective, observational cohort study. Fifty-three women had ScO2 measurements at the following time
points: preoperatively, in the supine position with 30� of left lateral tilt; one and five minutes after spinal anesthesia; at the time
of skin incision; immediately after delivery; one minute after commencing the oxytocin infusion; at completion of surgery, and one
hour after surgery. Spinal anesthesia and a prophylactic phenylephrine infusion were administered according to a standard treat-
ment protocol. Statistical analysis used the Wilcoxon Signed Rank test with Bonferroni’s correction for multiple comparisons.
Results: Blood pressure was maintained within 20% of baseline throughout surgery. The baseline mean (range) ScO2 was 61.5%
(54.0–66.3%). It decreased significantly at all subsequent measurement points. The maximum decrease was five minutes after spinal
anesthesia. Thirty-four (64.2%) of the parturients exhibited ScO2 values <20% of baseline, or a decrease to below an absolute value
of 50%. There was no significant correlation between systolic blood pressure and mean ScO2.
Conclusion: Spinal anesthesia with phenylephrine infusion during cesarean delivery is associated with a significant decrease in
ScO2 levels, maximal five minutes later. Further studies are required to establish the clinical significance of this finding.
� 2018 Elsevier Ltd. All rights reserved.
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Introduction

The incidence of spinal hypotension during cesarean
delivery (CD) is as high as 70–80%,1 and may cause
dizziness, faintness and nausea and vomiting, secondary
to cerebral hypoperfusion.2

Near infrared spectroscopy (NIRS) is a direct
non-invasive spectroscopic method that uses the near
infrared portion of the electromagnetic spectrum
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(800–2500 nm) to measure blood oxygenation in the
frontal lobe microvasculature.3 Its advantages include
simple bedside performance and lack of interference
with other measurements.3

Near infrared spectroscopy has previously demon-
strated that spinal hypotension causes decreased brain
oxygen saturation during CD.4,5 When ephedrine was
administered to treat spinal hypotension, cerebral oxy-
gen saturation (ScO2) returned to baseline values.6,7

Current standard practice is to use a prophylactic
phenylephrine infusion to prevent spinal hypotension
during CD.8,9

There are few studies discussing the effect of phenyle-
phrine on ScO2.

7,10,11 In a randomized controlled study
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30 Cerebral oxygen saturation and cesarean delivery
that evaluated the fall in average frontal lobe ScO2 over
60 minutes after administration of spinal anesthesia, a
prophylactic phenylephrine infusion and a prophylactic
ephedrine infusion were compared in 24 women.
Phenylephrine infusion was associated with a decrease
in mean ScO2 of �8.6 ± 2.8%,12 despite similar blood
pressure maintenance in both groups, while mean ScO2

using ephedrine infusion was unchanged.
We performed a prospective observational pilot study

to investigate the change inmean frontal lobe ScO2 at dif-
ferent time points intra- and postoperatively in women
receiving a prophylactic phenylephrine infusion during
CD. Based on results from a preliminary study in our hos-
pital, the primary aim of the study was to measure mean
ScO2 levels five minutes after initiation of spinal anesthe-
sia. The secondary aims were to measure: (1) change in
mean ScO2 from baseline at the following time points:
1-min after initiation of spinal anesthesia (1-min), 5-min
after spinal anesthesia (5-min), at skin incision (SI),
immediately after baby delivery (BD), 1-min after initia-
tion of oxytocin infusion (OX), at surgery completion
(SE) and one hour after surgery in the post-anesthesia
care unit (PACU1); (2) the decrease of mean frontal
ScO2 below the theoretical cerebral hypoperfusion
threshold; (3) systolic blood pressure (SBP) during sur-
gery compared to baseline; (4) the correlation between
SBP and mean frontal lobe ScO2.

Methods

This prospective observational study was performed at
the Beilinson Campus of the Rabin Medical Centre,
Petah Tikva, Israel, a tertiary university hospital with
10 000 deliveries per annum, between October 2015
and March 2016. The Institutional Review Board
approved this study and all participants provided writ-
ten informed consent. As per institutional policy, the
study was registered on clinical trials.gov (registration
number NCT02473978).

Consecutive women undergoing elective CD under
spinal anesthesia with a prophylactic phenylephrine
infusion were included. Exclusion criteria were women
under the age of 18 years, American Society of Anesthe-
siologists (ASA) physical score >2, preeclampsia or
chronic hypertension, unfamiliarity with the Hebrew
language, and allergy to phenylephrine. Women in
whom the surgeon assessed significant intraoperative
hemorrhage, or who required blood products or mether-
gine for uterine atony, were excluded from analysis.

In the ward, an intravenous cannula (18-gauge) was
inserted 2.5 h before surgery and 500 mL of Ringer’s
Lactate was infused over two hours. Sodium citrate
(30 mL) and Ringer’s Lactate solution (500 mL) were
given 30 minutes before surgery.

Women were placed supine with left uterine displace-
ment, using a wedge, in the operating room (OR).
Standard monitoring with non-invasive blood pressure
(NIBP), pulse oximetry and electrocardiogram (S/5
Anesthesia Delivery Unit, Instrumentarium Corp.,
Datex-Ohmeda, Finland) was instituted. Baseline NIBP
was measured in the 30� left lateral supine position on
arrival in the OR and at 1-min intervals until the end
of surgery. Near infrared spectroscopy sensors (INVOS
Cerebral/Somatic Oximeter|Covidien, Boulder Color-
ado USA) were connected to the right and left side of
the forehead, immediately below the hairline, according
to the manufacturer’s guidelines, to measure right- and
left-sided (ScO2R; ScO2L) frontal cerebral oxygen satu-
ration. No women received routine supplemental oxygen.

Spinal anesthesia was performed in the sitting posi-
tion. A 26-gauge needle (B Braun Pencil Point Spinal
Needle) was inserted at the L3–L4 or L4–L5 interspace,
and hyperbaric bupivacaine 12 mg (AstraZeneca, Eng-
land), fentanyl 20 mg (Panpharma, France) and
preservative-free morphine sulphate 0.1 mg (Rafa Labo-
ratories, Israel) were injected. After injection, women
were placed in the supine position with left uterine
displacement.

Immediately after completion of spinal injection, a
phenylephrine infusion (Omega, Canada) was adminis-
tered at an initial rate of 50 mg/min. The phenylephrine
dose was titrated according to a standard protocol: if
SBP fell 20% from baseline or below 90 mmHg, or faint-
ness, dizziness, nausea or vomiting occurred, the initial
dose was increased by 20%; if SBP increased more than
20% from baseline the initial dose was decreased by
20%. The phenylephrine infusion was continued
throughout surgery and was not tapered after delivery,
due to our institutional protocol of uterine exterioriza-
tion and associated nausea and vomiting seen at this
time. The phenylephrine infusion was stopped after skin
stapling. The sensory level to pinprick test was checked
and surgery commenced when the block had reached the
T4 dermatome. Immediately after delivery, oxytocin
20 IU in 1L Ringer’s Lactate was infused at 200 mL/h.
No other uterotonics were given. All parturients
received dexamethasone 4 mg (Omega, Canada) and
ondansetron 4 mg (Fresenius Kabi, Germany) after
delivery.

In the PACU, the Ringer’s Lactate infusion with oxy-
tocin was changed to a bag containing 10 IU/L and
infused at 200 mL/h. All women received intravenous
tramadol 100 mg (Grunenthal GMBH, Germany) with
10 mg metoclopramide (Rafa laboratories, Israel),
1000 mg intravenous paracetamol (Bristol Myers
Squibb, USA) and intramuscular diclofenac 75 mg
(Teva Pharmaceutical, Israel).

Demographic data (maternal age, weight, parity, gra-
vidity) and neonatal Apgar score were recorded. Frontal
lobe ScO2 was recorded preoperatively in the 30� left lat-
eral supine position on arrival in the OR (BL), 1-min
after initiation of spinal anesthesia (1-min), 5-min after
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spinal anesthesia (5-min), at skin incision (SI), immedi-
ately after baby delivery (BD), 1-min after initiation of
oxytocin infusion (OX), at surgery completion (SE)
and 1 h after surgery in the PACU (PACU1). There
was no difference between left- and right-sided cerebral
oxygen saturation, so the average of both frontal lobe
ScO2 measures was used and recorded as mean cerebral
saturation. The theoretical cerebral hypoperfusion
threshold was defined as an absolute decrease of frontal
lobe ScO2 to <50% or a decrease of more than 20% from
baseline on either right or left side of the brain.13,14 The
NIBP values at these time points were also recorded.
Total phenylephrine dose was noted.

The primary outcome of this pilot study was the
change from baseline of mean frontal lobe ScO2, as mea-
sured by NIRS at 5-min. Secondary outcomes were:

1. Change from baseline of mean frontal lobe ScO2 at
all other time points.

2. Decrease of frontal lobe ScO2 below the cerebral
hypoperfusion threshold.

3. Systolic blood pressure measurements throughout
surgery compared to baseline.

4. Correlation between systolic blood pressure and
mean frontal lobe ScO2.

Based on previous research to detect a decrease in
mean frontal lobe ScO2 readings from baseline to lowest
mean ScO2 of more than 6%, assuming a common stan-
dard deviation of 8% and allowing for 20% of potential
dropouts, 56 women were required to obtain a power of
a least 0.8 (b = 20%; two-tailed a = 5%).3,4 Statistical
analysis was performed using the SPSS software version
23.0 (IBM, Chicago, IL). Variables were analyzed with
statistical tests according to the Kolmogorov–Smirnov
test of normality. According to the Kol-
mogorov–Smirnov test of normality, both normally
and non-normally distributed data were observed (Sup-
plementary file). Nonparametric tests were therefore
used for all data.

The primary outcome; comparison of mean baseline
ScO2 with other time points; and the decrease of ScO2

below the theoretical cerebral hypoperfusion threshold,
were measured using the Wilcoxon Signed Rank test
with Bonferroni’s correction for multiple comparisons
and presented as boxplots.

The SBP measurements were compared with baseline
using the Wilcoxon Signed Rank test with Bonferroni’s
correction for multiple comparisons; and data are pre-
sented as boxplots. The correlation between SBP and
mean frontal lobe ScO2 was measured using the Spear-
man correlation test. Seven comparisons were used for
each variable: baseline to 1-min; baseline to 5-min; base-
line to SI; baseline to BD; baseline to OX; baseline to
SE; baseline to PACU1. The P-value was corrected as
per 0.05/7 = 0.007.
Results

We enrolled 59 women, and three were excluded
(Fig. 1). The outcomes for 56 women are reported.
Demographic data, neonatal data, and total phenyle-
phrine dosage are shown in Table 1.

Oxygen saturation was 96–98% during the measure-
ment period.

For the primary outcome, at 5-min after spinal anes-
thesia, the mean frontal lobe ScO2 had decreased signif-
icantly compared to baseline, from 61.5% (54–66.3) to
55% (48–60.8) (P <0.005).

Secondary outcomes are listed in Fig. 2. Compared to
baseline, mean frontal lobe ScO2 decreased significantly
at all time points during surgery, starting five minutes
after the spinal. At the end of surgery, after discontinu-
ation of the phenylephrine infusion, there was a non-
significant increase in mean frontal lobe ScO2 compared
to baseline, however in the PACU one hour after com-
pletion of surgery, mean frontal lobe ScO2 was again
significantly reduced compared to baseline.

For the theoretical cerebral hypoperfusion threshold,
34 (64.2%) women had cerebral hypoperfusion at least
once during the study period (Table 2). Twenty-six par-
turients (49.1%) had cerebral hypoperfusion five minutes
after spinal anesthesia. In the PACU, one hour after sur-
gery, seventeen (32.1%) women remained below the the-
oretical cerebral hypoperfusion threshold.

Systolic blood pressure measurements are shown in
Fig. 3. Baseline SBP was 121 (114.5–137) mmHg, and
no statistically significant decrease in blood pressure
occurred throughout surgery. However, at the end of
surgery, after ScO2, was discontinued phenylephrine
infusion was discontinued, and SBP decreased signifi-
cantly (P <0.007) from 121 (114.5–137) to 106 (92–
114.5) mmHg. One hour after surgery, blood pressure
remained significantly lower (P <0.007) than the base-
line (from 121 (114.5–137) to 116 (109.5–124) mmHg).

There was no significant correlation between SBP and
mean frontal lobe ScO2 (RS 0.03 for SBP, P=0.6),
although our study was not powered to evaluate this.

Discussion

In this prospective pilot study, NIRS was used to mea-
sure mean frontal lobe ScO2 in women receiving a pro-
phylactic phenylephrine infusion. Despite preservation
of blood pressure to within 20% of baseline measure-
ments, the mean frontal lobe ScO2 significantly
decreased after spinal anesthesia and remained below
baseline at all measured time-points until the phenyle-
phrine infusion was discontinued. It decreased further
one hour postpartum.Mean frontal lobe ScO2 was below
the theoretical cerebral hypoperfusion level at some
point during surgery in more than a third of women.



Fig. 1 Study patient flowchart. NIRS: near infrared spectroscopy

Table 1 Maternal and neonatal demographic data,

duration of surgery, phenylephrine dose and length of
stay in the postoperative care unit

Parameter n=53

Age (y) 35 (29.5–38)
Weight (kg) 74 (66–85)
Parity (n) 1 (0.5–2)
Gravity (n) 3 (2–4)
Gestation week 38.1 (37.4–38.5)
PACU (min) 173 (151–228)
Surgery (min) 24 (19.5–29.5)
Phenylephrine dose (mg) 1.5 (1.28–1.78)
Umbilical artery pH 7.37 (7.35–7.39)
Apgar 1-min 9 (9–9)
Apgar 5-min 10 (10–10)

Data presented as median (25–75th percentiles). PACU: post-anaes-
thesia care unit.
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The fall in mean frontal lobe ScO2 corroborates the
findings of Foss et al., who showed decreased frontal
lobe ScO2 after spinal anesthesia in conjunction with
phenylephrine infusion over the 60 minutes after spinal
anesthesia.7 Our study investigated specific periopera-
tive time-points and the magnitude of the mean frontal
lobe ScO2 change at each time-point.

The mechanism for the decrease in mean frontal lobe
ScO2 is unclear and likely multifactorial. In one study
measuring ScO2, a third NIRS sensor was placed on
the thigh to determine the effect of spinal block on the
lower extremities.15 Spinal anesthesia caused redistribu-
tion of blood flow to the lower extremities, leading to
decreased mean frontal lobe ScO2, since reduced mean
frontal lobe ScO2 values corresponded with increased
regional saturation of the thigh.

A further explanation of the findings may be occult
spinal hypotension. Previous studies have shown the
relationship of spinal-induced hypotension and
decreased ScO2.

7,15 In one study of 35 parturients using
low-dose spinal anesthesia, women who developed
hypotension had a preceding decrease in mean frontal
lobe ScO2.

6 In two other studies, women who received
spinal anesthesia for CD had decreased mean frontal
lobe ScO2 that was inversely correlated with NIBP read-
ings.15 Although we attempted to maintain blood pres-
sure within a narrow range, it is possible that the
blood pressure measured every minute missed intermit-
tent hypotensive episodes. A study comparing intermit-
tent versus continuous NIBP monitoring during CD
found that intermittent monitoring every three minutes
missed hypotensive episodes in 30% of episodes.16

Another consideration is that intraoperative shivering
or movement may have interfered with the reading.
Cerebral blood flow changes produced by deafferenta-
tion may also be a cause.17 In early research on the effect
of deafferentation on cortical areas activated by move-
ment of proximal muscles, regional cerebral blood flow
was measured with positron emission tomography and
15O-labeled water. The authors found that movement-
related change in cerebral blood flow was reduced after
deafferentation.17 A final explanation for the decreased
mean frontal lobe ScO2 may be the direct effect of
phenylephrine. Studies in healthy volunteers receiving
phenylephrine infusion showed a decrease in mean



Fig. 2 Cerebral oxygen saturation according to time. BL: baseline; SI: skin incision; BD: baby delivery; OX: oxytocin infusion;
SE: surgery completion; PACU: postoperative anesthesia care unit

Table 2 Cerebral hypoperfusion threshold at different measurement points

Measurement point Cerebral hypoperfusion threshold n=53

Any side Left-sided Right-sided

1-min 4 (7.6) 4 (7.6) 2 (3.8)
5-min 26 (49.1) 21 (39.6) 19 (35.9)
SI 24 (45.3) 20 (37.7) 16 (30.2)
BD 16 (30.2) 12 (22.6) 13 (24.5)
OX 13 (24.5) 11 (20.8) 11 (20.8)
SE 8 (15.1) 5 (9.4) 6 (11.3)
PACU1 17 (32.1) 14 (26.4) 11 (20.8)
Total number of patients 34 (64.2) 29 (54.7) 27 (50.9)

Cerebral hypoperfusion threshold = absolute decrease of cerebral saturation <50% or decrease more than 20% from baseline. Data presented as
number (percent). Points of measurement:; 1-min – one minute after initiation of spinal anesthesia. 5-min – five minutes after spinal anesthesia; SI:
skin incision; BD: baby delivered; OX: one minute after beginning of oxytocin infusion; SE: surgery completion; PACU1: one hour after surgery.
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frontal lobe ScO2 when compared to the same volun-
teers who received a saline infusion.18 Anesthetized,
non-obstetric patients who received phenylephrine
boluses to correct hypotension demonstrated a paradox-
ical decrease in frontal lobe ScO2, apparently from a
direct effect.10,11 One study that compared prophylactic
phenylephrine versus prophylactic ephedrine during CD
found that ephedrine administration was associated with
maintenance of mean frontal lobe ScO2 compared to
baseline (+2.1 ± 2.8%; mean ± SE), whereas phenyle-
phrine was associated with decreased mean frontal lobe
ScO2 (�8.6 ± 2.8%; P=0.005), with a 10.7% difference
in mean frontal lobe ScO2 between groups (P=0.0106).7
The mechanism for decreased mean frontal lobe ScO2

produced by phenylephrine may be via decreased car-
diac output or cerebral vasoconstriction. Phenylephrine
is known to cause a dose-dependent decrease in cardiac
output.19 In a previous study performed in our institu-
tion, measuring cardiac output at different time points
during CD performed under spinal anesthesia with a
prophylactic phenylephrine infusion, the pattern of
changes in stroke volume at different time points corre-
sponded to the changes in mean frontal lobe ScO2 seen
in the current study.19 In the study comparing ephedrine
and phenylephrine boluses, phenylephrine decreased
cardiac output while ephedrine maintained it; and there



Fig. 3 Systolic blood pressure measurements. BL: baseline; SI: skin incision; BD: baby delivery; OX: oxytocin infusion; SE:
surgery completion; PACU: postoperative anesthesia care unit
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was a significant correlation between mean frontal lobe
ScO2 and cardiac output (P <0.0010).10 Decreased car-
diac output to the brain may cause a compensatory
increase in cerebral oxygen extraction, leading to
decreased mean frontal lobe ScO2.

20

However, phenylephrine may cause a decrease in
mean frontal lobe ScO2 via mechanisms other than those
that change cardiac output. In a study of eight healthy
volunteers receiving a phenylephrine infusion at one
intervention and normal saline infusion at a different
intervention, cardiac output, mean frontal lobe ScO2,
middle cerebral artery mean blood velocity, and right
internal carotid artery and internal jugular venous blood
flow assessed using duplex ultrasound were measured.
Compared to saline administration, phenylephrine infu-
sion was associated with a decreased mean frontal lobe
ScO2, an increased mean cerebral artery velocity, an
increased internal jugular venous blood flow, and no
changes in either cardiac output or internal carotid
artery blood flow.18 The authors postulated that these
changes could be due to cerebral vasoconstriction.

We noted that the mean frontal lobe ScO2 remained
low even one hour after surgery. There are several pos-
sible explanations for this phenomenon. In a previous
study in our institution measuring perioperative cardiac
output changes after spinal anesthesia with a phenyle-
phrine infusion, we found that both cardiac output
and non-invasive blood pressure remained below base-
line when measured in the PACU one hour after
surgery.18 Clinical experience in our hospital has shown
that spinal block takes approximately two hours to
resolve, and so some deafferentation which remained
may have influenced NIRS readings.

Our study has several limitations. Firstly, we did not
measure cardiac output. We did not study short- and
long-term neurological sequelae using cognitive tests in
our patients. There were a few cases where patients with
a low mean frontal lobe ScO2 complained of weakness,
tiredness or agitation, but these complaints were not
quantified. We did not measure time intervals between
spinal initiation and delivery of the baby or progression
of sensory levels intraoperatively or postoperatively. We
did not give oxygen supplementation to women intraop-
eratively: in a previous study, oxygen supplementation
was shown to be effective in attenuating the decrease
in mean frontal lobe ScO2 readings after spinal anesthe-
sia.21 Therefore our results may not be able to be extrap-
olated in centers that routinely give oxygen
supplementation. Likewise, our fluid supplementation
is different from others. Large variations in fluid supple-
mentation exist,8,22 and the effect of crystalloid co-
loading on hemodynamics is still debated.22–25

Finally, the mean frontal lobe ScO2 readings may be
inaccurate, as a recent study showed NIRS readings
were prone to extracranial contamination and a recent
study has put into question the accuracy of NIRS
measurement.26,27

In conclusion, we observed a fall in mean frontal lobe
ScO2 in parturients undergoing CD under spinal anes-
thesia with a prophylactic phenylephrine infusion. This
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was observed at almost all points during surgery and at
one hour postpartum, with one third of parturients hav-
ing at least one mean frontal lobe ScO2 reading below
the theoretical cerebral hypoperfusion level. Though
the findings of this pilot study are interesting, it is not
possible to generate conclusions. Larger randomized
controlled studies are needed to elucidate the cause,
and long-term outcome studies to assess its clinical
significance.

Declaration of Interests

Dr Weiniger is an editor of the International Journal of
Obstetric Anesthesia but took no role in the assessment
of this submission. There was no funding support
received for this research.

References

1. Mercier FJ, Auge M, Hoffmann C, Fischer C, Le Gouez A.
Maternal hypotension during spinal anesthesia for caesarean
delivery. Minerva Anestesiol 2013;79:62–73.

2. Habib AS. A review of the impact of phenylephrine administration
on maternal hemodynamics and maternal and neonatal outcomes
in women undergoing cesarean delivery under spinal anesthesia.
Anesth Analg 2012;114:377–90.

3. Calderon-Arnulphi M, Alaraj A, Slavin KV. Near infrared
technology in neuroscience: past, present and future. Neurol Res

2009;31:605–14.
4. Sun S, Liu NH, Huang SQ. Role of cerebral oxygenation for

prediction of hypotension after spinal anesthesia for caesarean
section. J Clin Monit Comput 2016;30:417–21.

5. Hirose N, Kondo Y, Maeda T, Suzuki T, Yoshino A. Relationship
between regional cerebral blood volume and oxygenation and
blood pressure during spinal anesthesia in women undergoing
cesarean section. J Anesth 2016;30:603–9.

6. Berlac PA, Rasmussen YH. Per-operative cerebral near-infrared
spectroscopy (NIRS) predicts maternal hypotension during elec-
tive caesarean delivery in spinal anaesthesia. Int J Obstet Anesth

2005;14:26–31.
7. Foss VT, Christensen R, Rokamp KZ, Nissen P, Secher NH,

Nielsen. HB. Effect of phenylephrine vs. ephedrine on frontal lobe
oxygenation during caesarean section with spinal anesthesia: an
open label randomized controlled trial. Front Physiol 2014;5:81.

8. Loubert C. Fluid and vasopressor management for Cesarean
delivery under spinal anesthesia: continuing professional develop-
ment. Can J Anaesth 2012;59:604–19.

9. Kinsella SM, Carvalho B, Dyer RA, et al. International consensus
statement on the management of hypotension with vasopressors
during caesarean section under spinal anaesthesia. Anaesthesia

2018;73:71–92.
10. Meng L, Cannesson M, Alexander BS, et al. Effect of phenyle-

phrine and ephedrine bolus treatment on cerebral oxygenation in
anaesthetized patients. Br J Anaesth 2011;107:209–17.

11. Nissen P, Brassard P, Jørgensen TB, Secher NH. Phenylephrine
but not ephedrine reduces frontal lobe oxygenation following
anesthesia-induced hypotension. Neurocrit Care 2010;12:17–23.

12. Clemmesen CG, Pedersen LM, Hougaard S, et al. Cerebral
oximetry during preoperative resuscitation in elderly patients with
hip fracture: a prospective observational study. J Clin Monit

Comput 2018. https://doi.org/10.1007/s10877-018-0107-6.
13. Casati A, Fanelli G, Pietropaoli P, et al. Continuous monitoring of
cerebral oxygen saturation in elderly patients undergoing major
abdominal surgery minimizes brain exposure to potential hypoxia.
Anesth Analg 2005;101:740–7.

14. Murkin JM, Adams SJ, Novick RJ, et al. Monitoring brain
oxygen saturation during coronary bypass surgery: a randomized,
prospective study. Anesth Analg 2007;104:51–8.

15. Fassoulaki A, Paraskeva A, Tsaroucha A. Cesarean delivery under
spinal anesthesia is associated with decreases in cerebral oxygen
saturation as assessed by NIRS: an observational study. Cur Med

Res Opin 2014;30:331–7.
16. Ilies C, Kiskalt H, Siedenhans D, et al. Detection of hypotension

during Caesarean section with continuous non-invasive arterial
pressure device or intermittent oscillometric arterial pressure
measurement. Br J Anaesth 2012;109:413–9.

17. Sadato N, Zeffiro TA, Campbell G, Konishi J, Shibasaki H,
Hallett M. Regional cerebral blood flow changes in motor cortical
areas after transient anesthesia of the forearm. Ann Neurol

1995;37:74–81.
18. Ogoh S, Sato K, Fisher JP, Seifert T, Overgaard M, Secher NH.

The effect of phenylephrine on arterial and venous cerebral blood
flow in healthy subjects. Clin Physiol Funct Imaging

2011;31:445–51.
19. Orbach-Zinger S, Bizman I, Firman S, et al. Perioperative

noninvasive cardiac output monitoring in parturients undergoing
cesarean delivery with spinal anesthesia and prophylactic phenyle-
phrine drip: a prospective observational cohort study. J Matern

Fetal Neonatal Med 2018;22:1–7.
20. Denault A, Deschamps A, Murkin JM. A proposed algorithm for

the intraoperative use of cerebral near-infrared spectroscopy.
Semin Cardiothorac Vasc Anesth 2007;11:274–81.

21. Hirose N, Kondo Y, Maeda T, Suzuki T, Yoshino A, Katayama
Y. Oxygen supplementation is effective in attenuating maternal
cerebral blood deoxygenation after spinal anesthesia for cesarean
section. Adv Exp Med Biol 2016;876:471–7.

22. Ngan Kee WD, Khaw KS, Ng FF. Prevention of hypotension
during spinal anesthesia for cesarean delivery: an effective tech-
nique using combination phenylephrine infusion and crystalloid
cohydration. Anesthesiology 2005;103:744–50.

23. McDonald S, Fernando R, Ashpole K, Columb M. Maternal
cardiac output changes after crystalloid or colloid coload follow-
ing spinal anesthesia for elective cesarean delivery: a randomized
controlled trial. Anesth Analg 2011;113:803–10.

24. Mercier FJ. Cesarean delivery fluid management. Curr Opin

Anaesthesiol 2012;25:286–91.
25. Banerjee A, Stocche RM, Angle P, Halpern SH. Preload or coload

for spinal anesthesia for elective Cesarean delivery: a meta-
analysis. Can J Anaesth 2010;57:24–31.

26. Greenberg S, Murphy G, Shear T, et al. Extracranial contamina-
tion in the INVOS 5100C versus the FORE-SIGHT ELITE
cerebral oximeter: a prospective observational crossover study in
volunteers. Can J Anaesth 2016;63:24–30.

27. Kahn RA, Anyanwu A. Near-infrared spectroscopy in vegetables
and humans: An observational study. Eur J Anaesthesiol

2018;35:907–10. https://doi.org/10.1097/EJA.00000000000855.
Appendix A. Supplementary data

Supplementary data to this article can be found online
at https://doi.org/10.1016/j.ijoa.2018.09.005.

http://refhub.elsevier.com/S0959-289X(18)30329-7/h0005
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0005
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0005
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0010
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0010
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0010
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0010
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0015
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0015
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0015
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0020
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0020
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0020
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0025
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0025
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0025
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0025
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0030
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0030
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0030
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0030
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0035
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0035
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0035
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0035
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0040
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0040
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0040
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0045
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0045
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0045
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0045
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0050
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0050
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0050
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0055
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0055
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0055
https://doi.org/10.1007/s10877-018-0107-6
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0065
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0065
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0065
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0065
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0070
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0070
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0070
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0075
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0075
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0075
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0075
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0080
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0080
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0080
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0080
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0085
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0085
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0085
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0085
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0090
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0090
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0090
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0090
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0095
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0095
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0095
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0095
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0095
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0100
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0100
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0100
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0105
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0105
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0105
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0105
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0110
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0110
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0110
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0110
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0115
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0115
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0115
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0115
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0120
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0120
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0125
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0125
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0125
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0130
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0130
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0130
http://refhub.elsevier.com/S0959-289X(18)30329-7/h0130
https://doi.org/10.1097/EJA.00000000000855
https://doi.org/10.1016/j.ijoa.2018.09.005

	A prospective observational study of the change in regionalcerebral oxygen saturation during cesarean delivery in womenreceiving phenylephrine prophylaxis for spinal hypotension
	ABSTRACT
	Introduction
	Methods
	Results
	Discussion
	Declaration of Interests
	References
	Appendix A. Supplementary data


