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Abstract BACKGROUND AND OBJECTIVE: Sleep-disordered breathing (SDB) is more 
prevalent in patients with stroke than in the population without a history of stroke. 
SDB is an independent risk factor for stroke. SDB impairs cerebral circulation 
by several mechanisms, and therefore possibly contributes to wake-up stroke. 
Ultrasound-tagged near-infrared spectroscopy (UT-NIRS) is a novel technology 
able to detect cerebral blood flow noninvasively and in real-time, displaying cere-
bral flow as cerebral flow index (CFI). Positive airway pressure (PAP) is the most 
effective approach in the treatment of SDB. We aimed to assess if single-night 
PAP impacts cerebral blood flow in sleep apnea patients after stroke and without 
a history of stroke.
MATERIALS AND METHODS: 11 stroke patients and six controls with sleep 
apnea were enrolled. Stroke patients underwent overnight pulse oximetry within 
seven days after stroke. Desaturation index ≥ 15/hour was considered a positive 
screening. Six weeks after stroke, patients with positive screening underwent 
overnight polysomnography together with cerebral blood flow monitoring using 
UT-NIRS (diagnostic night) and also with additional PAP therapy (therapeutic 
night). 
RESULTS: The number of respiratory events decreased significantly in the group 
of stroke patients (apnea-hypopnea index [AHI] from 22.6±9.0 to 9.9±9.9) and 
controls (AHI from 58.1±14.9 to 7.0±9.7). CFI showed no significant changes 
between a diagnostic and therapeutic night in both groups. 
CONCLUSION: Despite the significant reduction of respiratory events, single-night 
PAP therapy does not improve overall cerebral blood flow, as defined by CFI. 

Abbreviations:
AHI - Apnea-hypopnea index
CBF - Cerebral blood flow
CSA - Central sleep apnea
CFI - Cerebral flow index
NIRS - Near infra-red spectroscopy
OSA - Obstructive sleep apnea

PAP - Positive airway pressure
PSG - Polysomnography
SDB - Sleep-disordered breathing 
UT-NIRS -  Ultrasound tagged near-infrared 

spectroscopy 
WUS - Wake-up stroke
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INTRODUCTION
The prevalence of sleep-disordered breathing (SDB) 
has increased over the past years, owing to the 
increase in obesity in particular. Its most common 
form, obstructive sleep apnea (OSA), defined as 
apnea-hypopnea index (AHI) ≥ 5/hour, is present 
in about 24% of men and 9% of women world-
wide (Klobučníková et al. 2018). However, among 
patients with stroke or transient ischemic attack, the 
age-adjusted prevalence of  SDB increases as high 
as 72% (Bassetti & Aldrich 1999; Parra et al. 2000). 
According to a 2010 meta-analysis, 93% of these 
SDBs are OSA (Johnson & Johnson 2010). OSA is 
a well-established independent risk factor for isch-
emic stroke contributing to overall cerebrovascular 
morbidity. In the long-term, OSA contributes to  an 
increase in blood pressure, autonomic imbalance 
with sympathetic hyperactivity, endothelial dysfunc-
tion, metabolic changes, and pro-inflammatory state 
(Culebras 2014; Slouka et al. 2019; Sova et al. 2020, 
Šiarnik et  al. 2014). It is pathophysiologically plau-
sible and demonstrated by a 2012 study (Ciccone 
et al. 2012) that long OSA episodes (> 20 seconds) in 
combination with patent foramen ovale are associated 
with an almost 2-fold increased risk of an ischemic 
event on waking. Findings from Parra et  al. (Parra 
et al. 2000), analyzing the time course of  subtypes 
of apneic events in the acute and subacute phase after 
stroke suggest, that OSA is a  condition preceding 
the cerebrovascular event and probably acts as a risk 
factor. In contrast, central sleep apnea (CSA) seems 
to be its consequence, confirming a known bidirec-
tional relationship between SDB and stroke. Positive 
airway pressure (PAP) is the first-line therapeutic 
option and the most effective approach in the treat-
ment of SDB. 

Several studies have engaged near-infra-red spec-
troscopy (NIRS) in cerebral blood flow (CBF) moni-
toring, showing a decrease of oxygenation during 
obstructive apneas (but not hypopneas). These 
decreases were more pronounced in more severe 
OSA cases (Aries et al. 2012; Pizza et al. 2010). While 
NIRS shows many advantages, being noninvasive, 
continuous, and having an excellent temporal reso-
lution, its disadvantage is that it measures tissue 
oxygenation rather than cerebral perfusion. New 
technology, ultrasound-tagged NIRS (UT-NIRS), 
combines the advantages of NIRS with ultrasound's 
ability to  measure the movement of blood cells 
(corresponding to blood flow). This method was 
compared with the "gold standard "in cerebral perfu-
sion measurement, Xe-SPECT, showing a perfect 
correlation (Schytz et al. 2012). 

This study aimed to explore, whether single-night 
PAP, besides a decrease in respiratory events, also 
contributes to an increase in CBF, defined by the cere-
bral flow index (CFI), assessed by a UT-NIRS device.

MATERIALS AND METHODS 
Eleven patients with ischemic stroke were enrolled in 
this study (one of them with a wake-up stroke [WUS]). 
Six controls were also enrolled: patients with OSA and 
no other significant disease, particularly without stroke 
history. The local ethical committee approved the 
design of this study. All participants signed informed 
consent before enrollment. The diagnosis of stroke 
was made clinically, and the location of the ischemic 
lesion was confirmed by computed tomography (CT) 
or magnetic resonance imaging (MRI). 

In patients with stroke, initial SDB screening was 
performed within seven days after the stroke onset 
using overnight pulse oximetry (WristOx2 device 
model 3150, Nonin Medical, USA). Patients with desat-
uration index (number of desaturations ≥3% and >10 
seconds per hour of recording) ≥15 were considered as 
possible PAP therapy candidates. Patients with positive 
screening were re-admitted six weeks after stroke for 
overnight polysomnography (PSG) using Alice 6 device 
(Philips-Respironics, Netherlands). Each patient under-
went diagnostic PSG monitoring. The next night also 
PAP titration under PSG control was performed. CBF 
monitoring was performed during both PSG recordings 
using UT-NIRS technology: C-Flow device (Ornim 
medical, Israel). The device displays a cerebral flow 
index (CFI) as a unit-less number ranging from 0 to 100. 
The probe emits light at three wavelengths between 780 
and 830 nm and detects the scattered light at 12 mm 
from the emitter. Each probe illuminates tissue of the 
frontal cortex with laser light and collects light scattered 
back. The probes also incorporate a small ultrasound 
transducer that provides low-power waves to induce the 
UT-NIRS signal, and the monitors display an indicator 
of the signal quality. Preparation of patients and the 
set-up of the device were done according to the C-Flow 
User Manual. A flat hairless area on the forehead on 
both sides was selected, cleaned with an alcohol solu-
tion, and two disposable adhesive pads (Smart Pads, 
supplied by Ornim) were applied, one on the right and 
one on the left side. Pads were secured with a headband. 
A small amount of ultrasound gel was then applied 
to the UT-NIRS probes, which were then placed onto 
adhesive pads (Caccioppola et al. 2018). The data were 
monitored overnight. When the probe was displaced, 
the sleep laboratory technician put it back on the 
adhesive pad. All data were acquired directly from the 
Ornim devices in digital format and archived.

The average CFI value of both probes was consid-
ered. Patients underwent diagnostic PSG and CBF 
monitoring on the first night (diagnostic night), PSG 
+ CBF monitoring, and PAP therapy on the following 
night (therapeutic night). PSG was scored manually by 
a trained somnologist according to the standardized 
criteria (Iber et al. 2007). Biograph software (Beset, 
Slovakia) was used to evaluate the CBF signal and 
for synchronization with PSG data. Any vasoactive 
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medication was avoided 12 hours before monitoring. 
The statistical analyses were performed using SPSS 
version 18 (SPSS Inc., Chicago, USA). Categorical vari-
ables were expressed as numbers and proportions (%), 
continuous variables as means ± standard deviation. 
For group comparison, the Student t-test and Mann-
Whitney test were used for particular variables. P values 
< 0.05 were considered statistically significant.

RESULTS
The mean age of stroke patients (n=11) was 67.7±9.6 
years; four of them were females. The mean age 
of  controls (n=6) was 43.7±14.6 years. None of the 
control group patients was a smoker, and 8 (72.7%) 
patients of the stroke group were non-smokers, other 
3 (27.3%) were mild smokers (occasional smoking in 
one patient and up to 10 cigarettes/day in other two 
subjects). In the stroke group, three patients were using 
their chronic medication, which might be potentially 
vasoactive (doxazosin in 2 patients, urapidil in one 
patient). No other vasoactive treatment was given 
to  any patient from neither stroke nor control group. 
The results of stroke patients and controls are in table 
1. The number of respiratory events significantly 
decreased in the group of stroke patients (AHI from 
22.6±9.0 to 9.9±9.9) and controls (AHI from 58.1±14.9 
to 7.0±9.7) when comparing diagnostic and therapeutic 
night, respectively. CFI showed no significant changes 
between a diagnostic and therapeutic night in both 
groups. See table 1 for details.

DISCUSSION
Our study failed to find any significant CFI changes 
(representing CBF) when evaluating the effect of single-
night PAP therapy. Several factors could explain this.

First, there were not enough data to compare CFI in 
"awake stroke" patients to WUS patients. Above three-
fold increased prevalence of WUS were reported among 
patients with OSA compared to non-OSA patients 
(Mohammad et al. 2019). Šiarnik et al. reported a higher 
prevalence of moderate to severe OSA types among 
WUS patients than among non-WUS and higher AHI 
in the WUS population (Šiarnik et al. 2016). The CBF 
autoregulation is impaired in patients with recurrent 
intermittent hypoxia, as is seen in chronic obstructive 
pulmonary disease and OSA, and cerebral vasculature 
responds poorly to hypoxia (Beaudin et al. 2017). It 
seems that noninvasive ventilatory correction improves 
short-term neurological disability, according to a 2017 
meta-analysis (Tsivgoulis et al. 2017). Therefore we 
suppose that more significant differences in CFI might 
be found in the group of WUS patients.

Second, in this study, we compared the average 
CFI between diagnostic and therapeutic night, which 
showed no significant differences in both groups. 
However, it might be more appropriate to examine 
relatively temporary excursions of CFI in time correla-
tion with the specific respiratory event (i.e., apnea or 
desaturation). It has been shown by several studies that 
patients with OSA have an inadequate response to cere-
bral hypoxia, and their autoregulation fails to adjust 
to a hypoxic state by vasodilatation. This response 
even decreased with higher severity of OSA (Beaudin 
et al. 2017). Moreover, another study (Gregori-Pla 
et al. 2019) has found that bilateral CBF fluctuations 
occurred in close time relationship to apneic and/or 
hypopneic events (time window between -5 to 35 sec. 
from the start of the event). Future studies should focus 
on the association of particular respiratory events with 
CBF swings. 

Finally, in our study, patients underwent only one 
therapeutic night with PAP therapy, whereas long-term 

Tab. 1. Polysomnographic characteristics of patients with stroke and controls, comparing diagnostic and therapeutic night

Diagnostic night Therapeutic night p

Strokes (n=11; Age 67.7±9.6 years, 4 females/ 7  males)

AHI (n/h) 22.6±9.0 9.9±9.9 0.004**

Average sat (%) 94.5±2.1 94.9±2.1 0.659

Minimal sat (%) 86.3±11.7 91.6±3.2 0.157

CFI 50.3±6.4 49.0±4.5 0.602

Heart rate (n/h) 68.9±17.3 69.1±15.3 0.97

Controls (n=6, Age 43.7±14.6, 6 males)

AHI (n/h) 58.1±14.9 7.0±9.7 <0.001***

Average sat (%) 94.6±2.0 94.7±1.9 0.943

Minimal sat (%) 79.0±10.7 91.7±2.7 0.019*

CFI 45.9±7.3 49.7±11.7 0.521

Heart rate (n/h) 63.3±6.5 66.3±6.0 0.413

CFI: cerebral flow index, AHI: apnea-hypopnea index, sat: nocturnal saturation of blood with oxygen, *: p<0.05, **: p<0.01, ***: p<0.001
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treatment might be necessary for change in cere-
brovascular reactivity. In studies examining cerebral 
vasoreactivity among patients after stroke, patients 
with OSA had worse vasodilator response to hypoxia, 
which, however, returned to normal after 4-12 weeks 
of PAP treatment (Gregori-Pla et al. 2019; Reichmuth 
et al. 2009). Vasodilator response was defined by mean 
velocity in the middle cerebral artery, hence not corre-
sponding to CBF per se. However, it was demonstrated 
before that microcirculatory changes (Gregori-Pla 
et  al. 2019; Zirak et al. 2018) mirror those of macro-
circulation (Alex et al. 2014), both showing an increase 
(velocity in middle cerebral artery or blood flow index, 
BFI) with the peak occurring toward the end or shortly 
after cessation of OSA episode, followed by a sudden 
subnormal decrease after the episode. 

The main limitations of our study are a small study 
population, particularly that of WUS patients. It is 
necessary to admit, that our study did not focus on the 
time relationship of apneic events with CFI changes, 
which could confound the effect of sleep apnea on CBF. 
To the best of our knowledge, this is the first study using 
C-Flow for CBF monitoring during sleep, so physi-
ological values of CFI and physiological changes of CFI 
during sleep are unknown. Similarly, no studies are 
describing the effect of ischemic brain lesions on CFI 
change. We have to admit that CFI in our study assesses 
only CBF in a small volume of the frontal cerebral 
cortex, which is another important limitation. Future 
prospective CBF studies in stroke subjects with SDB 
should take all of these limitations into consideration.

ACKNOWLEDGMENTS
The Framework Programme for Research and 
Technology Development, Project: Building of Centre 
of Excellency for Sudden Cerebral Vascular Events, 
Comenius University Faculty of Medicine in Bratislava 
(ITMS:26240120023), co-financed by the European 
Regional Development Fund supported this work.

COMPLIANCE WITH ETHICAL 
STANDARDS
Funding
This study was supported by The Framework 
Programme for Research and Technology Development, 
Project: Building of Centre of Excellency for Sudden 
Cerebral Vascular Events, Comenius University 
Faculty of Medicine in Bratislava (ITMS:26240120023), 
co-financed by European Regional Development Fund.

Conflict of Interest
All authors declare that they have no conflict of interest.

Ethical approval
All procedures performed in this study involving 
human participants were in accordance with the ethical 

standards of the institutional research committee and 
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

Informed consent
Informed consent was obtained from all individual 
participants included in the study.

The institution where work was performed
1st Department of Neurology, Faculty of Medicine, 
Comenius University, Bratislava, Slovakia.

Financial support
The Framework Programme for Research and 
Technology Development, Project: Building of Centre 
of Excellency for Sudden Cerebral Vascular Events, 
Comenius University Faculty of Medicine in Bratislava 
(ITMS:26240120023), co-financed by European 
Regional Development Fund supported this work. 

All authors have seen and approved the manuscript.

REFERENCES

1  Alex R, Manchikatla S, Machiraju K, Altuwaijri E, Watenpaugh 
DE, Rong Z, Behbehani K (2014). Effect of apnea duration on 
apnea induced variations in cerebral blood flow velocity and 
arterial blood pressure. Proceedings of the 36th Annual Inter-
national Conference of the IEEE Engineering in Medicine and 
Biology Society; Aug 26-30, 2014, Chicago, IL, USA. New Jersey: 
Piscataway. 

2  Aries MJH, Coumou AD, Elting JWJ, van der Harst JJ, Kremer 
BPH, Vroomen PCAJ (2012). Near Infrared Spectroscopy for the 
Detection of Desaturations in Vulnerable Ischemic Brain Tissue. 
Stroke. 43: 1134–1136.

3  Bassetti C, Aldrich MS. (1999). Sleep Apnea in Acute Cerebro-
vascular Diseases: Final Report on 128 Patients. Sleep. 22: 217–
223.

4  Beaudin AE, Hartmann SE, Pun M, Poulin MJ (2017). Human 
cerebral blood flow control during hypoxia: focus on chronic 
pulmonary obstructive disease and obstructive sleep apnea. 
J Appl Physiol. 123: 1350–1361.

5  Caccioppola A, Carbonara M, Macrì M, Longhi L, Magnoni S, 
Ortolano F et al (2018). Ultrasound-tagged near-infrared spec-
troscopy does not disclose absent cerebral circulation in brain-
dead adults. Br J Anaesth. 121: 588–594.

6  Ciccone A, Proserpio P, Roccatagliata DV, Nichelatti M, Gigli GL, 
Parati G, et al (2012). Wake-up stroke and TIA due to paradoxi-
cal embolism during long obstructive sleep apnoeas: a cross-
sectional study. Thorax. 68: 97–104.

7  Culebras A (2014). Sleep Apnea and Stroke. Curr Neurol Neuro-
sci Rep. 15: 503.

8  Foster GE, Hanly PJ, Ostrowski M, Poulin MJ (2007). Effects 
of  Continuous Positive Airway Pressure on Cerebral Vascular 
Response to Hypoxia in Patients with Obstructive Sleep Apnea. 
Am J Respir Crit Care Med. 175: 720–725.

9  Gregori-Pla C, Delgado-Mederos R, Cotta G, Giacalone G, 
Maruccia F, Avtzi S et al (2019). Microvascular cerebral blood 
flow fluctuations in association with apneas and hypopneas in 
acute ischemic stroke. Neurophotonics. 6: 1.

10  Iber CAIS, Chesson A, Quan SF (2007). The AASM manual for 
the scoring of sleep and associated events: rules, terminology 
and technical specification. Westchester, IL: American Academy 
of Sleep Medicine.

11  Johnson KG., Johnson DC. (2010). Frequency of Sleep Apnea 
in Stroke and TIA Patients: A Meta-analysis. J Clin Sleep Med. 
06: 131–137.



463Neuroendocrinology Letters Vol. 42 No. 7 2021 • Article available online: www.nel.edu

Jurik et al: Cerebral blood fl ow in stroke patients with sleep apnea

12  Klobučníková K, Šiarnik P, Čarnická Z, Kollár B (2018). Poruchy 
spánku vo vybranej skupine neurologických ochorení. 1st ed. 
Bratislava: Berlina p. 220.

13  Mohammad Y, Almutlaq A, Al-Ruwaita A, Aldrees A, Alsubaie A, 
Al-Hussain F (2019). Stroke during sleep and obstructive sleep 
apnea: there is a link. Neurol Sci. 40: 1001–1005.

14  Parra O, Arboix A, Bechich S, García-Eroles L., Montserrat JM, 
López JA et al (2000). Time Course of Sleep-related Breathing 
Disorders in First-Ever Stroke or Transient Ischemic Attack. Am 
J Respir Crit Care Med. 161: 375–380.

15  Pizza F, Biallas M, Wolf M, Werth E, Bassetti CL (2010). Noctur-
nal Cerebral Hemodynamics in Snorers and in Patients with 
Obstructive Sleep Apnea: A Near-Infrared Spectroscopy Study. 
Sleep. 33: 205–210.

16  Reichmuth KJ, Dopp JM, Barczi SR, Skatrud JB, Wojdyla P, Hayes 
D, Morgan BJ (2009). Impaired Vascular Regulation in Patients 
with Obstructive Sleep Apnea. Am J Respir Crit Care Med. 
180: 1143–1150.

17  Schytz HW, Guo S, Jensen LT, Kamar M, Nini A, Gress DR, Ashina 
M (2012). A New Technology for Detecting Cerebral Blood Flow: 
A Comparative Study of Ultrasound Tagged NIRS and 133Xe-
SPECT. Neurocrit Care. 17: 139–145.

18  Šiarnik P, Čarnická Z, Krížová L, Wágnerova H, Šutovský S, 
Klobučníkova K et al (2014). Predictors of impaired endothelial 
function in obstructive sleep apnea syndrome. Neuro Endocri-
nol Lett. 35: 142–148. 

19  Šiarnik P, Kollár B, Čarnická Z, Šurda P, Klobučníková K, Sýkora 
M et al (2016). Association of Sleep Disordered Breathing with 
Wake-Up Acute Ischemic Stroke: A Full Polysomnographic 
Study. J Clin Sleep Med. 12: 549–554.

20  Slouka D, Kucera R, Gal B, Betka J, Skalova A (2019). Biomarkers 
- a possibility for monitoring of obstructive sleep apnea syn-
drome. Neuro Endocrinol Lett. 40: 85–92. 

21  Sova M, Genzor S, Sovova E, Amjad Ghazal A, Nadjarpour S 
(2020). A positive correlation between adipocyte fatty acid 
binding protein and epicardial fat thickness in patients with 
obstructive sleep apnoea – preliminary data. Neuro Endocrinol 
Lett. 41: 239–244.

22  Tsivgoulis G, Alexandrov AV, Katsanos AH, Barlinn K, Mikulik R, 
Lambadiari V, et al (2017). Noninvasive Ventilatory Correction 
in Patients With Acute Ischemic Stroke. Stroke. 48: 2285–2288.

23  Zirak P, Gregori-Pla C, Blanco I, Fortuna A, Cotta G, Bramon P, et 
al (2018). Characterization of the microvascular cerebral blood 
flow response to obstructive apneic events during night sleep. 
Neurophotonics. 5: 045003.


