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Objectives: In this study it was aimed to investigate whether measurement of potential changes of cerebral
oxygenation saturations due to ischemic or hemorrhagic cerebrovascular diseases have an early diagnostic and
prognostic value.
Methods: Adult patients (≥18 years old) having acute ischemic or hemorrhagic stroke were included in the
study. Patients under 18-year-old, those with incomplete data or suspicious diagnosis were excluded.
The cerebral oxygen saturations of the patients were compared with the healthy subjects. Patients were also
grouped according to their clinical outcomes; good clinical status (group 1) and poor clinical status (group 2).
These groups were compared according to the patients’ cerebral oxygen saturations.
Results: The mean oxygen saturation of the patients and healthy people were similar (59.48% ± 10.6 versus
58.44% ± 9.6). There was no difference between patients and healthy population according to cerebral oxygen
saturations. Furthermore, mean oxygen levels were also similar between the hemisphere without lesion and with
lesion in the patients group (59.8% ± 11.8 versus 59.2% ± 10.4).
When the patients were grouped according to their clinical status, there were 30 patients in group 1 and 15 in
group 2. The cerebral oxygen saturations of the hemisphere with lesion were similar between these groups and
no statistical difference was observed (59.2% ± 9.3 versus 59.1% ± 12.6, p = 0.9). There was also no statistical difference between the groups when delta oxygen levels of the affected and unaffected hemispheres of the
groups were calculated (0.9% ± 6.1 versus 0.13% ± 8.4, p = 0.7).
Conclusion: Results of this study revealed that there was no difference in cerebral oxygen saturations measured
by near-infrared cerebral oximetry system between the patients with cerebrovascular disease and healthy population. Furthermore, our results did not support that the cerebral oxygen saturations may be used for determining the prognosis of the patients with cerebrovascular disease.

1. Introduction
Despite medical improvements, cerebrovascular disease (CVD) is
still common at older ages and a leading cause of death and disability worldwide.1,2 It also places significant burden on the
healthcare system and economy.3,4 Of the 10–15% of all stroke patients is hemorrhagic stroke which has poorer prognosis when
compared with ischemic stroke.Computed tomography (CT), magnetic resonance imaging, and digital subtraction angiography are
the imaging options for the diagnosis of patients with ischemic and
hemorrhagic cerebrovascular diseases.5

Early diagnosis and immediate treatment of the stroke patients
are essential for good clinical outcomes. In acute stroke, cerebral
blood flow and cerebral metabolic rate of oxygen falling below
threshold generally indicate irreversible tissue damage.6Detection
of impaired perfusion of the affected hemisphere of the patient
having CVD with an invasive method would improve patient care
quality.
In this study it was aimed to investigate whether measurement of
potential changes of cerebral oxygenation saturations due to ischemic
or hemorrhagic cerebrovascular diseases have an early diagnostic and
prognostic value.
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2. Methods

2.4. Statistical analyses

This prospective cross sectional study was conducted at the emergency department of a tertiary training and research hospital and approved by the local ethics committee (approval number 16129).

Statistical analysis was performed via SPSS v25.0 for Mac OS X
(Chicago, IL, USA). The normality of the data distribution was determined by the Kolmogorov–Smirnov test. Normally distributed continuous variables were expressed as mean ± standard deviation, and
tested with Student T test. The independent variables which were not
distributed normally were tested with the Mann–Whitney U test and
expressed as medians with interquartile ranges.Categorical variables
were shown with the number of cases and percentages and were evaluated using Pearson Chi-square test. Statistical significance was assumed for p < 0.05.

2.1. Participants
During the study period, adult patients (≥18 years old) having
acute ischemic or hemorrhagic stroke with lateralized motor impairment was included in the study. All of the included patientshad triage
level I or II according to the Canadian Triage and Acuity Scale (CTAS)
and they were evaluated in the critical care unit of the emergency department. Patients under 18-year-old, having CTAS level III or more
(evaluated in other units of ED), the ones not having lateralized motor
impairment, those with incomplete data or suspicious diagnosis, and
those who did not agree to participate in the study, were excluded.
The cerebral oxygen saturations of the patients were compared with
the healthy subjects. The healthy subjects were also the adults over age
18 with no complaints or symptoms which could be associated with
ischemic and/or hemorrhagic cerebrovascular diseases.
Patients were also grouped according to their clinical outcomes;
good clinical status (group 1) and poor clinical status (group 2). The
patients who had died, observed in intensive care unit and the ones who
needed surgical treatment were all included in the poor clinical status
group. All other patients formed the good clinical status group. The
cerebral oxygen saturations were compared between the groups to investigate whether poorer clinical status would worsen cerebral oxygenation.

3. Results
Forty-five patents with cerebrovascular disease were included in the
study. Of these patients, 26 (57.8%) had ischemic stroke, while 19
(42.2%) had hemorrhagic stroke. The mean age of the patients was
69.7 ± 16.4 in patient group and 69.5 ± 16.4 in healthy control
group. There was no statistical difference between the patients and the
healthy subjects according to the gender and age (p values respectively;
0.8 and 0.9). Characteristics of the patients and control group were
given in Table 1.
The mean cerebral oxygen saturations of the patients and healthy
people were similar (59.48% ± 10.6 versus 58.44% ± 9.6).
Considering that at least 5% or more difference were expected to be
able to define the difference as clinically significant, there was no difference between patients and healthy population according to cerebral
oxygen saturations. Furthermore, mean oxygen levels were also similar
between the hemisphere without lesion and with lesion (59.8% ± 11.8
versus 59.2% ± 10.4).
When the patients were grouped according to their clinical status,
there were 30 patients in good clinical status group (group 1) and 15 in

2.2. Management of patients and collection of data
Cerebral oxygen saturation of all patients who were admitted to the
emergency department with symptoms suggesting CVD as an initial
diagnosis were measured as soon as possible by a near-infrared cerebral
oximetry system at the time of admission.The cerebral oxygen saturations of both right and left hemispheres were not monitored continuously but a single measurement was done. The mean oxygen saturation was then calculated to be able to compare patients and health
subjects through their whole cerebral oxygenations.After primary examination, cranial CT scan was performed on all patients having the
initial diagnosis of CVD. Finally, diffusion MRI was performed to those
whose cranial CT did not reveal hemorrhage.All diagnoses were confirmed by cranial CT and/or diffusion MRI according to a radiologist's
report who was blinded to the study aims. Patient demographics (age,
gender), arterial blood pressure measurement results, Glasgow Coma
Scale scores (GCS), final diagnosis of the patients and the data of
clinical outcomes (mortality, need of surgical treatment, intensive care
unit observation) were noted.

Table 1
Characteristics of the patients and control group.

Age
Gender
Female
Male
Tension arterial (mmHg)
SBP
DBP
GCS
Final diagnosis
Ischemic stroke
Hemorrhagic stroke
Subarachnoid hemorrhage
Subdural hemorrhage
Epidural hemorrhage
Intraparenchymal
hemorrhage
Cerebral oxygen saturations
sO2 of the hemisphere without
lesion
sO2 of the hemisphere with
lesion
Delta sO2 (healthy sideeffected side)

2.3. Cerebral oxygen saturation measurement
Cerebral oxygen saturations were measured by the INVOS™ system,
which is a near-infrared cerebral oximetry system. Although it was
suggested by the manufacturer that a cerebral oxygen level of either < 50% or a 20% decline from the baseline may be a sign of ongoing clinical deterioration, some authors accepted a 5% decline from
the baseline as a significant sign of neurological deterioration.7 In the
present study, the authors of the study accepted a difference of cerebral
oxygen saturations greater than or equal5% between the patients and
healthy subjects as clinically significant. When comparing the cerebral
oxygen saturations of the healthy hemisphere and the hemisphere with
lesion of the patients, 5% difference was again accepted as the cut-off
for the clinical significance.

Mean sO2 ((Right
hemisphere + left
hemisphere)/2)

Patients

Healthy control
group

P value

N (%)

N (%)

69.7 ± 16.4

69.5 ± 16.4

0.9

26 (57.8)
19 (42.2)

28 (59.6)
19 (60.4)

0.8

159.4 ± 35.4
87.9 ± 27.1
1513–15

139.4 ± 27.3
76.3 ± 16

0.003
0.016

58.44 ± 9.6

0.6

26 (57.8)
19 (42.2)
10 (22.2)
5 (11.1)
1 (2.2)
11 (24.2)
59.8 ± 11.8
59.2 ± 10.3
0.64 ± 6.9
59.48 ± 10.6

*GCS: Glasgow Coma Scale score, sO2: saturation of oxygen, SBP: Systolic blood
pressure, DBP: Diastolic blood pressure.
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Table 2
Characteristics and cerebral oxygen saturations of the patients according to their clinical status.

Age
Blood pressure (mmHg)
SBP
DBP
GCS
Cerebral oxygen saturations
sO2 of the hemisphere without lesion
sO2 of the hemisphere with lesion
Delta sO2 (healthy side-effected side)

Group 1 (Good clinic group, 30 patients)
N (%)

Group 2 (Poor clinic group, 15 patients)
N (%)

P value

68.2 ± 17.4

72.2 ± 14.1

0.3

155 (133.75–170)
80 (70–91.25)
15 (14.75–15)

175 (140–203)
80 (70–140)
125–14

0.07
0.4
< 0.001

60.1 ± 9.2
59.2 ± 9.3
0.9 ± 6.1

59.2 ± 16.2
59.1 ± 12.6
0.13 ± 8.4

0.8
0.9
0.7

*GCS: Glasgow Coma Scale score, sO2: saturation of oxygen, SBP: Systolic blood pressure, DBP: Diastolic blood pressure.

the poor clinical status group (group 2). Of the group 2 patients, one of
the patients died, 9 needed intensive care unit observation and 5
needed surgical treatment. The cerebral oxygen saturations of the
hemisphere with lesion were similar between these groups and no
statistical
difference
were
observed
(59.2% ± 9.3
versus
59.1% ± 12.6, p = 0.9). There was also no statistical difference between the groups when delta oxygen levels of the affected and unaffected hemispheres of the groups were calculated (0.9% ± 6.1 versus
0.13% ± 8.4, p = 0.7). Characteristics and cerebral oxygen saturation
results of the patients according to their clinical status were given in
Table 2.

point of being the first study investigating this subject.
5. Limitations
The number of the patients may be the major limitations of the
study, especially the ones with hemorrhagic stroke.The second limitation of the study is measuring the cerebral oxygen only with INVOS™.
As we know that cerebral blood flow and oxygen distribution as altered
in CVDs, it is hard to explain the reason why no difference was found
between patients and healthy population according to cerebral oxygen
saturations. Our sample size may be inadequate to find out a statistical
difference between groups. Confirmation of the cerebral oxygen saturations either with another non-invasive infrared oximeter or any
other method measuring cerebral blood flow, with a bigger sample size,
the results of the study would have been much trustable and we would
be able to discuss the study results.

4. Discussion
Early recognition of stroke symptoms is essential for seeking timely
care.8 Evaluation of the stroke patients requires careful attention as the
diagnosis of ischemic stroke can be made accurately on the basis of the
clinical presentation and either a negative cranial CT in earlier presentations.9–11 So we need other new materials for detection of impaired perfusion of the cerebral tissue. According to our knowledge,
this study was the first study investigated whether measurement of
cerebral oxygen saturations have early diagnostic value. According to
cerebral oxygen saturations, our results revealed no difference neither
between patients and healthy population nor the hemisphere without
lesion and with lesion in the patients. Furthermore, comparing the good
and poor clinical status groups, no difference was observed between the
groups and this result also showed that cerebral oxygen measurement
by the INVOS™ did not also have a prognostic value in patients with
CVD.
Cerebral oxygen saturations were used in several clinical scenarios.12–17The majority of the studies measuring the cerebral tissue
oxygen were mostly based on the monitoring the neonates and adult
patients needed neurocritical care.In the meta-analysis by Xie et al., the
prognostic value of cerebral oxygen measurement was confirmed, while
the diagnostic value was not investigated. it was reported that adding
brain tissue oxygen monitoring to the standard intracranial pressure/
cerebral perfusion pressure-guided therapy improved long term outcomes in patients with traumatic brain injury.18Oxygen measurement
was confirmed but the diagnostic value was not investigated.
There are studies reporting that measuring regional cerebral oxygen
saturations in the course of cardiopulmonary resuscitation facilitated
prognostication of return of spontaneous circulation (ROSC) as well as
neurological outcome.19,20 Although Schnaubelt et al., in their review,
confirmed that higher cerebral oxygen saturations were correlated with
increased rates of ROSC, they finally concluded that the discriminatory
power of cerebral oxygen saturations to prognosticate favorable neurological outcome remains unclear.21
There are several articles in the literature studied the cerebral
oxygen monitorization either in adults or in infants but we could not
find any articles investigated its diagnostic value in patients with
CVD.22,23 We believe that the present study has a unique value from the

6. Conclusion
Results of this study revealed that there was no difference in cerebral oxygen saturations measured by near-infrared cerebral oximetry
system between the patients with cerebrovascular disease and healthy
population. Furthermore, our results did not support that the cerebral
oxygen saturations may be used for determining the prognosis of the
patients with cerebrovascular disease.
Author contribution statement
Serkan Emre EROĞLU and Gökhan AKSEL conceived and designed
the study; 2) Hayrullah YÖNAK and Merve Osoydan SATICI performed
the patient management and collection of the data 3) Gökhan AKSEL
analyzed and interpreted the data; 4) Serkan Emre EROĞLU contributed
reagents, materials, analysis tools or data; 5) Serkan Emre EROĞLU and
Gökhan AKSEL wrote the paper.
Conflicts of interest
The authors declare no conflict of interest.
Funding
No funding was needed for this original article.
References
1. Backhouse EV, McHutchison CA, Cvoro V, et al. Early life risk factors for cerebrovascular disease: a systematic review and meta-analysis. Neurology. 2017 Mar
7;88(10):976–984. https://doi.org/10.1212/WNL.0000000000003687 Epub 2017
Feb 10.
2. Fehnel CR, Trepman A, Steele D, et al. Survival after in-hospital cardiac arrest among
cerebrovascular disease patients. J Clin Neurosci. 2018 Aug;54:1–6. https://doi.org/
10.1016/j.jocn.2018.04.033 Epub 2018 May 19.

66

Turkish Journal of Emergency Medicine 19 (2019) 64–67

S.E. Eroğlu et al.
3. Dong R, Dong Z, Liu H, et al. Prevalence, risk factors, outcomes, and treatment of
obstructive sleep apnea in patients with cerebrovascular disease: a systematic review.
J Stroke Cerebrovasc Dis. 2018 Jun ve;27(6):1471–1480. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2017.12.048 Epub 2018 Mar 16.
4. Njomboro P. Social cognition deficits: current position and future directions for
neuropsychological interventions in cerebrovascular disease. Behav Neurol.
2017;2017:2627487. https://doi.org/10.1155/2017/2627487 Epub 2017 Jul 3.
5. Romero JM, Rosand J. Hemorrhagic cerebrovascular disease. Handb Clin Neurol.
2016;135:351–364. https://doi.org/10.1016/B978-0-444-53485-9.00018-0.
6. Donahue MJ, Strother MK, Hendrikse J. Novel MRI approaches for assessing cerebral
hemodynamics in ischemic cerebrovascular disease. Stroke. 2012
Mar;43(3):903–915. https://doi.org/10.1161/STROKEAHA.111.635995 Epub 2012
Feb 16.
7. Schramm P, Tzanova I, Hagen F, et al. Cerebral oxygen saturation and cardiac output
during anaesthesia in sitting position for neurosurgical procedures: a prospective
observational study. Br J Anaesth. 2016 Oct;117(4):482–488. https://doi.org/10.
1093/bja/aew250 Epub 2016 Oct 17.
8. Powers WJ, Rabinstein AA, Ackerson T, et al. American heart association stroke
council. 2018 guidelines for the early management of patients with acute ischemic
stroke: a guideline for healthcare professionals from the American heart association/
American stroke association. Stroke. 2018 Mar;49(3):e46–e110. https://doi.org/10.
1161/STR.0000000000000158 Epub 2018 Jan 24.
9. Chalela JA, Kidwell CS, Nentwich LM, et al. Magnetic resonance imaging and computed tomography in emergency assessment of patients with suspected acute stroke:
a prospective comparison. Lancet. 2007;369:293–298. https://doi.org/10.1016/
S0140-6736(07)60151-2.
10. Barber PA, Hill MD, Eliasziw M, et al. ASPECTS Study Group., ASPECTS Study.
Imaging of the brain in acute ischaemic stroke: comparison of computed tomography
and magnetic resonance diffusion-weighted imaging. J Neurol Neurosurg Psychiatry.
2005;76:1528–1533. https://doi.org/10.1136/jnnp.2004.059261.
11. Heidenreich JO, Hsu D, Wang G, et al. Magnetic resonance imaging results can affect
therapy decisions in hyperacute stroke care. Acta Radiol. 2008;49:550–557. https://
doi.org/10.1080/02841850801958320.
12. Aksel G. Effects of spinal immobilization at a 20° angle on cerebral oxygen saturations measured by INVOS™. Am J Emerg Med. 2018 Jan;36(1):84–87. https://doi.org/
10.1016/j.ajem.2017.07.034 Epub 2017 Jul 13.
13. Bendahan N, Neal O, Ross-White A, et al. Relationship between near-infrared spectroscopy-derived cerebral oxygenation and delirium in critically ill patients: a systematic review. J Intensive Care Med. 2018 Oct 30. https://doi.org/10.1177/

0885066618807399 885066618807399.
14. Miyazawa H, Ookawara S, Ito K, et al. Association of cerebral oxygenation with estimated glomerular filtration rate and cognitive function in chronic kidney disease
patients without dialysis therapy. PLoS One. 2018 Jun 25;13(6):e0199366. https://
doi.org/10.1371/journal.pone.0199366. eCollection 2018.
15. Kakumoto K, Harada K, Sankoda Y, et al. Near-infrared spectroscopy cerebral oximetry as a predictor of neurological intolerance during carotid artery stenting with
proximal protection. J Clin Neurosci. 2018 Dec;58:89–93. https://doi.org/10.1016/j.
jocn.2018.09.034.
16. Schneider A, Hofstätter E, Brandner J, et al. Benchmarking of four near infrared
spectroscopy devices for long time use in neonates. Klin Pädiatr. 2018
Sep;230(5):240–244. https://doi.org/10.1055/s-0044-102256.
17. Ziehenberger E, Urlesberger B, Binder-Heschl C, et al. Near-infrared spectroscopy
monitoring during immediate transition after birth: time to obtain cerebral tissue
oxygenation. J Clin Monit Comput. 2018 Jun;32(3):465–469. https://doi.org/10.
1007/s10877-017-0052-9.
18. Xie Q, Wu HB, Yan YF, et al. Mortality and outcome comparison between brain tissue
oxygen combined with intracranial pressure/cerebral perfusion pressure-guided
therapy and intracranial pressure/cerebral perfusion pressure-guided therapy in
traumatic brain injury: a meta-analysis. World Neurosurg. 2017 Apr;100:118–127.
https://doi.org/10.1016/j.wneu.2016.12.097.
19. Singer AJ, Ahn A, Inigo-Santiago LA, et al. Cerebral oximetry levels during CPR are
associated with return of spontaneous circulation following cardiac arrest: an observational study. Emerg Med J. 2015;32(5):353–356.
20. Ito N, Nishiyama K, Callaway CW, et al. Noninvasive regional cerebral oxygen saturation for neurological prognostication of patients with out-of-hospital cardiac
arrest: a prospective multicenter observational study. Resuscitation.
2014;85(6):778–784.
21. Schnaubelt S, Sulzgruber P, Menger J, et al. Regional cerebral oxygen saturation
during cardiopulmonary resuscitation as a predictor of return of spontaneous circulation and favourable neurological outcome - a review of the current literature.
Resuscitation. 2018 Apr;125:39–47. https://doi.org/10.1016/j.resuscitation.2018.01.
028.
22. Kusaka T, Isobe K, Yasuda S, et al. Evaluation of cerebral circulation and oxygen
metabolism in infants using near-infrared light. Brain Dev. 2014 Apr;36(4):277–283.
https://doi.org/10.1016/j.braindev.2013.05.011.
23. Toet MC, Lemmers PM, van Schelven LJ, et al. Cerebral oxygenation and electrical
activity after birth asphyxia: their relation to outcome. Pediatrics. 2006;117:333–339.

67

