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Effect of Gender Related Differences on Cerebral Oxygen Saturation
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Abstract
Background: The present study was conducted to evaluate the cerebral oxygen saturation (rSO2 ) difference between female and
male patients before induction of anesthesia and during anesthesia in neurosurgical procedures.
Methods: A total of 120 patients scheduled for elective neurosurgeries were enrolled in this prospective cohort study. SpO2 , end tidal
CO2 (EtCO2 ), and bilateral frontal rSO2 values were recorded during (1) the baseline (BL), (2) after raising FiO2 , (3) after induction of
anesthesia (Ind), (4) after tracheal intubation (after intub), (5) before positioning (pre-pos), and (6) after positioning for each patient
at 1, 5, 15, 30, and 60 minutes after positioning.
Results: A total of 111 patients were included for statistical analysis; of whom 59 were female and 52 were male. The mean age was
45.2 years for women and 47.7 years for men. Hemoglobin concentration was statistically lower in female patients. (12.5 ± 1.3 vs
13.6 ± 1.3, P value < 0.05). The measured values of rSO2 in every recorded time showed a statistically significant difference in rSO2
values between female and male patients from the baseline (BL) until 60 minutes after positioning. There was not any significant
correlation between age and rSO2 (r = -0.003, P = 0.997) or BMI and rSO2 (r = 0.05, P = 0.965). No significant difference was obtained
between right and left side rSO2 .
Conclusions: This study revealed that even after reducing the confounding role of hemoglobin, measured values of rSO2 were lower
in the female group undergoing neurosurgical procedures.
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1. Background
Maintenance of cellular perfusion and oxygenation is
an important goal in clinical practice for every anesthesiologist.
This may be even more prominent during neurosurgical procedures when patients are prone to tremendous
hemodynamic fluctuations.
Pulse oximetry (SpO2 ) was traditionally used to measure blood oxygen saturation in peripheral arteries but
will not provide additional information on tissue oxygenation.
Cerebral oximetry, based on near infrared spectroscopy (NIRS), has been shown to be beneficial on
evaluation of cerebral oxygen saturation (rSO2 ) (1, 2). It
should also be acknowledged that brain as an index organ
to monitor global oxygenation and perfusion is clinically
valuable (3).
The accuracy of cerebral oximetry to detect cerebral tis-

sue desaturation has been found to be as precise as invasive
methods based on previous studies (4).
The effect of such factors as age and position and BMI
on cerebral oximetry readings have been studied previously (5, 6).
The neuroprotective role of estrogen and sex hormones has been accepted generally and is still the subject of many clinical investigations. Women’s brain in
reproductive period is more resistant to ischemic injury
than men with the same age (7-9). A list of protective
mechanisms of female sex hormones, such as prevention
of cell death and apoptosis, axonal sprouting and antiinflammatory effect, has also been proposed as the underlying mechanism (10, 11).
The hypothesis of the present study was that gender
may affect cerebral rSo2 readings and that rSo2 is different
in female patients in comparison to male patients.
The primary outcome was to study cerebral rSO2 differences between female and male patients before induction
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of anesthesia and during anesthesia in neurosurgical procedures.
2. Methods
After approval from the medical ethics committee, informed consent was obtained from all the patients. Then,
120 patients scheduled for elective neurosurgeries were
enrolled in this prospective cohort study. Patients with
American society of anesthesiologists (ASA) class ≥ 3, previous history of brain surgery, cerebrovascular disease, and
carotid artery stenosis were excluded from the study. Demographic data, hemoglobin (Hb) levels, body mass index (BMI), positive history of chronic hypertension, ischemic heart disease (IHD), chronic hypertension (HTN),
diabetes mellitus (DM), and use of a beta blocker agent
were recorded before the day of surgery by an anesthesiologist.
On arrival to the operating room, standard ASA monitoring’s including ECG, non-invasive blood pressure
(NIBP), body temperature, peripheral arterial O2 saturation (SpO2 ), and end-tidal CO2 (Et CO2 ) monitoring were
applied for all patients.
After preoxygenation, anesthesia was induced by
propofol (1.5 to 2 mg/kg) and fentanyl (2 to 3 mg/kg). Also,
atracurium was used to facilitate tracheal intubation.
Anesthesia was maintained with propofol infusion and
repeated doses of atracurium and fentanyl.
After tracheal intubation, internal jugular vein was
catheterized under ultrasound guidance and a radial
artery catheter was inserted to measure real- time blood
pressure and arterial blood gas sampling.
The lungs were mechanically ventilated to maintain
Etco2 between 30 - 35 mmHg. Two cerebral oximeter sensors (Invos 5100 Somanetics, Troy, MI) were placed bilaterally about two centimeters above eyebrows on the patient’s forehead. The baseline rSO2 was recorded while the
patient was breathing from room air and before receiving
any anesthetic medication.
Mean arterial pressure (MAP) was first measured noninvasively before induction of anesthesia and invasively
after induction of anesthesia through the radial artery
catheter.
SpO2 , end tidal co2 (EtCO2 ), and bilateral frontal rSO2
values were recorded during
(1) the baseline (BL), (2) after raising fiO2 , (3) after induction of anesthesia (Ind), (4) after tracheal intubation (After
Intub), (5) before positioning (pre-pos), and (6) after positioning for each patient at 1, 5, 15, 30, 60 minutes after positioning.
Differences in rSO2 values measured at the different
times were compared using the paired t test with Bonfer2

roni correction for multiple comparisons. To determine
the relationship between rSO2 and patient variables, linear
regression analysis was performed. The Bland and Altman
test was also used to compare the values of rSO2 measured
at the right and left side. P < 0.05 was considered statistically significant.

3. Results
In this study, 120 patients scheduled for elective craniotomy were included. Sudden frontal probe detachment
or cable disconnection, which was not possible to be reconnected during the surgery, caused exclusion of 4 cases.
Data registration failure by the research assistants led to
exclusion of 5 other patients from the study, and finally 111
patients were included for statistical analysis. Of the patients, 59 were female and 52 were male. The mean age was
45.2 years for females and 47.7 years for males.
Table 1 demonstrates the demographic data of patients. There was not any statistically significant difference in age, BMI, prevalence of diabetes mellitus, ischemic
heart disease (IHD), hypertension (HTN), and beta blocker
intake between female and male groups, but not surprisingly, hemoglobin concentration was statistically lower in
female patients (12.5 ± 1.3 vs 13.6 ± 1.3, P value < 0.05).
Mean arterial pressure (MAP) values of female and
male patients did not show any statistically significant differences in recorded times from baseline until one hour after positioning (Figure 1).
In this study, there was not any significant correlation
between age and rSO2 (r = -0.003, P = 0.997) or BMI and rSO2
(r = 0.05, P = 0.965).
Moreover, rSO2 values was measured at different times
during anesthesia, which showed a gradual elevation after
preoxygenation and an increase in FiO2 , while showing a
decrease after reducing FiO2 level to 0.5 afterward.
No significant difference was observed between the
right and left side rSO2 (Figure 2).
The measured values of rSO2 in every recorded time
showed a statistically significant difference in rSO2 values
between female and male patients (Figure 3).
To reduce the confounding effect of Hb on rSO2 level,
linear regression test was conducted to analyze the correlation between Hb level and gender with baseline rSO2
level. In a linear model, which considers the relationship
between gender and Hb level simultaneously on baseline
rSO2 level, r square was calculated to be 15.1; in a linear
model this means that 15.1% of rSO2 differences are related
to gender and Hb level. This linear model shows that gender is a determining factor on rSO2 level.
Arch Neurosci. 2018; 5(3):e65492.
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Table 1. Demographic Variablesa
Variable

Male 47% (n = 52)

Female 53% (n = 59)

All Cases (n = 111)

P Value

Age

47.7 ± 13.2

45.2 ± 14.2

46.4 ± 13.7

0.37

BMI

26.97 ± 5.07

24.84 ± 5.39

25.84 ± 5.32

0.06

DM

7

0

3.2

0.09

IHD

4.7

3.9

4.3

0.86

HTN

20.9

9.8

14.9

0.13

History of β -blocker usage
Hb

13.9

7.8

10.6

0.34

13.6 ± 1.3

12.5 ± 1.3

13.0 ± 1.4

0.0002

Abbreviations: DM, diabetes mellitus; Hb, hemoglobin; HTN, hypertension; IHD, ischemic heart disease.
a
Values are expressed as mean ± SD or %.
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Figure 1. MAP values in female and male patients
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4. Discussion

before induction of anesthesia and during surgery in patients who were candidates for elective craniotomy.

The main aim of this study was to evaluate the difference in rSO2 readings between female and male patients

This study revealed a significant difference between female and male rSO2 levels before and after induction of
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rSO2 Values in Male and Female Patients
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Figure 3. srso2 levels in female and male patients during anesthesia

anesthesia and until 60 minutes after positioning.
We searched PubMed, google Scholar, and Scopus but
did not find any studies on comparison of rSO2 or cerebral
perfusion indexes between females and males, however,
we found many studies on the protective effects of female
sex hormones on brain cells.
Although the normal rSO2 in a healthy adult may be
around 60% to 70%, representing a venous weighted measure of cerebral tissue oxygenation, values as low as 35% are
sometimes seen in elderly patients, which may be a significant predictor of poor outcome (5).
Changes in cerebral rSO2 have been shown to be independently related to factors reflecting cerebral oxygen delivery, such as Hb, cardiac output, PaCO2 , and pH (6).
In the present study, the level of serum Hb was lower
in female patients compared to the male patients (12.5 ±
1.3 vs 13.6 ± 1.3), which may be the cause of lower cerebral
rSO2 levels in this population. However, the linear regression analysis showed a definite role of gender in addition
to Hb levels on cerebral rSO2 values.
Epidemiological and basic science studies have shown
that estrogen plays an important role in neuroprotection,
however, proving this finding in clinical studies is very
challenging. Neuroprotection is not a single phenomenon
and it should be considered as a multifactorial issue. Estrogen may directly promote cell survival and synaptic plasticity by preventing axonal and dendritic pruning, and indirectly by reducing cholesterol level and altering immune
system (12-14).
One of the major limitations of the present study was
the fact that it was a single centered study and due to small
number of patients undergoing neurosurgical surgeries in
the sitting position, we believe that a more powered study
with more patients is beneficial.
Lower rSO2 in female population before receiving any
anesthetic medication and during anesthesia may be re4

lated to the lower level of Hb. On the other hand, neuroprotective effects of estrogen in this group may also play a
protective role against lower levels of cerebral tissue oxygenation.
Although according to the results of this study rSO2 levels and, perhaps cerebral perfusion, were lower in female
patients, it may be a normal physiologic variation without
any functional neurologic sequela because of the neuroprotective role of female sex hormones.
In conclusion, this study revealed that even after reducing the confounding role of hemoglobin, the measured
values of rSO2 were lower in females undergoing neurosurgical procedures.
Footnote
Conflict of Interests: None.
References
1. Davies DJ, Su Z, Clancy MT, Lucas SJ, Dehghani H, Logan A, et
al. Near-Infrared Spectroscopy in the Monitoring of Adult Traumatic Brain Injury: A Review. J Neurotrauma. 2015;32(13):933–41.
doi: 10.1089/neu.2014.3748. [PubMed: 25603012]. [PubMed Central:
PMC4492772].
2. Sinex JE. Pulse oximetry: principles and limitations. Am J Emerg Med.
1999;17(1):59–67. [PubMed: 9928703].
3. Goodson CM, Rosenblatt K, Rivera Lara L, Winters B, Nyquist P, Hogue
C. Near-infrared spectroscopy (nirs) to monitor cerebral autoregulation in sepsis: A potential method to individualize resuscitation endpoints. D45. Critical care: Circulatory hemodymanics, shock, cardiovascular disease, and fluid management. American Thoracic Society; 2016.
A7037 p.
4. Heller JA, DeMaria SJ, Govindaraj S, Lin HM, Fischer GW, Evans A, et al.
Cerebral oximetry monitoring during sinus endoscopy. Laryngoscope.
2015;125(4):E127–31. doi: 10.1002/lary.25027. [PubMed: 25388868].
5. Heroabadi A, Babakhani B, Azimaraghi O, Suhr D, Jantzen JP, Keshtkar
A, et al. Cerebral Oxygen Monitoring: An Observational Prospective
Study on Seated Position Neurosurgical Procedures. Arch Neurosci.
2017;In Press(In Press). doi: 10.5812/archneurosci.56123.

Arch Neurosci. 2018; 5(3):e65492.

Heroabadi A et al.

6. Jun IG, Shin WJ, Park YS, Song JG, Kim YK, Hwang GS. Factors affecting intraoperative changes in regional cerebral oxygen saturation in patients undergoing liver transplantation. Transplant Proc.
2013;45(1):245–50. doi: 10.1016/j.transproceed.2012.10.025. [PubMed:
23375309].
7. Kessel B, Alfici R, Korin A, Olsha O, Dudkiewicz M, Oren M. Real time
cerebral perfusion monitoring in acute trauma patients: a preliminary study. ANZ J Surg. 2016;86(7-8):598–601. doi: 10.1111/ans.13461.
[PubMed: 26924545].
8. Rath GP, Bithal PK, Chaturvedi A, Dash HH. Complications related to positioning in posterior fossa craniectomy. J Clin Neurosci.
2007;14(6):520–5. doi: 10.1016/j.jocn.2006.02.010. [PubMed: 17430775].
9. Ko SH, Cho YW, Park SH, Jeong JG, Shin SM, Kang G. Cerebral oxygenation monitoring of patients during arthroscopic shoulder surgery
in the sitting position. Korean J Anesthesiol. 2012;63(4):297–301. doi:
10.4097/kjae.2012.63.4.297. [PubMed: 23115680]. [PubMed Central:
PMC3483486].
10. Green PS, Simpkins JW. Neuroprotective effects of estrogens: po-

Arch Neurosci. 2018; 5(3):e65492.

11.

12.
13.

14.

tential mechanisms of action. Int J Dev Neurosci. 2000;18(4-5):347–58.
[PubMed: 10817919].
Dubal DB, Zhu H, Yu J, Rau SW, Shughrue PJ, Merchenthaler I, et
al. Estrogen receptor alpha, not beta, is a critical link in estradiolmediated protection against brain injury. Proc Natl Acad Sci U S A.
2001;98(4):1952–7. doi: 10.1073/pnas.041483198. [PubMed: 11172057].
[PubMed Central: PMC29363].
Garcia-Segura LM, Azcoitia I, DonCarlos LL. Neuroprotection by estradiol. Prog Neurobiol. 2001;63(1):29–60. [PubMed: 11040417].
Suzuki S, Brown CM, Wise PM. Neuroprotective effects of estrogens
following ischemic stroke. Front Neuroendocrinol. 2009;30(2):201–11.
doi: 10.1016/j.yfrne.2009.04.007. [PubMed: 19401209]. [PubMed Central: PMC3672220].
Heringlake M, Garbers C, Kabler JH, Anderson I, Heinze H, Schon
J, et al. Preoperative cerebral oxygen saturation and clinical outcomes in cardiac surgery. Anesthesiology. 2011;114(1):58–69. doi:
10.1097/ALN.0b013e3181fef34e. [PubMed: 21178669].

5

