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R E S E A R C H  A R T I C L E

     E
xposure to intermittent hypoxia (IH) is considered to be 

unique from sustained hypoxia, whereby the inability to 

adapt to IH oft en leads to autonomic dysregulation.  18   For 

instance, isolated rodent vessels exhibit autonomic vasodilator 

dysregulation following IH.  19   Similarly, patients with obstruc-

tive sleep apnea demonstrate autonomic dysfunction in the 

ventilatory, cardiovascular, and cerebrovascular systems — an 

eff ect attributed to the IH inherent to the syndrome.  5   Healthy 

human models of IH show autonomic dysregulation that paral-

lels pathology.  16 , 22   In a previous study, we found the cerebro-

vascular sensitivity to acute hypoxia was signifi cantly blunted 

following 10 consecutive days of IH in healthy humans.  22   Th e 

mechanistic explanation for this impairment in hypoxic cere-

brovascular regulation is still uncertain, but may be the result 

of an increase in IH-induced oxidative stress, leading to endo-

thelial dysfunction.  13   Oxidative stress due to IH may increase 

reactive oxygen species, which in turn reduces the bioavail-

ability of endothelial nitric oxide (NO) — a key regulator of 

cerebrovasculature in hypoxia.  13   Support for this hypothesis 

is demonstrated in studies that have prevented the typical 

IH-induced autonomic impairments with the administration 

of an antioxidant.  7 , 14   

 Although multifactorial, cerebrovascular regulation is par-

ticularly sensitive to adjustments in arterial pressures of CO 2 .  8   

Similar to the cerebrovascular response to hypoxia, endothelial 

function plays a signifi cant role in the cerebrovascular response 

to hypercapnia via a CO 2 -NO pathway.  12 , 26   However, the eff ect 

of IH on the cerebrovascular response to CO 2  has shown con-

fl icting results, being increased,  11   decreased,  20   or unchanged 

with IH.  10   Integrating and interpreting the available literature is 

diffi  cult, given that diff erences in IH protocol (e.g., short- vs. 

long-duration hypoxia cycles) and subject characteristics 
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    INTRODUCTION:   It has been demonstrated that the cerebrovascular response to hypoxia is blunted following 10 d of intermittent 

hypoxia (IH) in healthy humans. The purpose of this study was to test the hypothesis that IH reduces the cerebrovascular 

response to CO 2 . 

   METHODS:   Healthy male subjects ( N   5  8; 25  6  2 yr) were exposed to 10 consecutive days of IH (12% O 2  for 5 min followed by 5 min 

of normoxia for 1 h/d). The cerebrovascular response to CO 2  was assessed prior to (PRE-IH) and following (POST-IH) the 

IH paradigm with transcranial Doppler ultrasound. 

   RESULTS:   There was no change in eupnic measures during or following the IH paradigm; however, the ventilatory response to IH 

increased by the last exposure (3.0  6  2.8 L · min  2 1 ). Cerebral blood fl ow velocity decreased and increased with hypocap-

nia and hypercapnia, respectively, but cerebrovascular sensitivity to CO 2  remained unchanged with IH (PRE-IH: 2.58  6  

0.50%/mmHg; POST-IH: 2.59  6  0.74%/mmHg). 

   DISCUSSION:   Our data indicates that 10 d of IH in healthy humans does not alter the cerebrovascular response to CO 2 . Redundancy of 

cerebrovascular regulation mechanisms to CO 2  may work to counteract IH-induced dysregulation and protect cerebral 

tissue.   
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(e.g., healthy humans vs. patients) could play a large role in the 

discrepancies between studies. Accordingly, the purpose of this 

study was to investigate cerebrovascular regulation to CO 2  fol-

lowing an IH protocol that we previously demonstrated elicited 

cerebral blood fl ow dysregulation.  22   

 Our healthy human model of IH led to cerebrovascular dys-

regulation in acute hypoxia, a likely result of endothelial dys-

function from a reduced bioavailability of NO.  22   If NO plays 

a key role in the cerebrovascular response to CO 2 , then it is 

expected that this identical IH paradigm would result in a 

blunted cerebral blood fl ow response to CO 2 . Th erefore, it is 

hypothesized that the cerebrovascular sensitivity to CO 2  is 

reduced following 10 consecutive days of IH in healthy humans.  

 METHODS  

    Subjects 

 Healthy young male subjects ( N   5  8; 25  6  2 yr) were recruited to 

participate in the study aft er providing written informed consent. 

All subjects (183  6  6 cm; 77  6  10 kg) were free of any known 

cardiorespiratory illness. Subjects underwent a preliminary ses-

sion to familiarize themselves with the experimental setup and 

procedures. All procedures and protocols were approved by 

the Clinical Research Ethics Board at the University of British 

Columbia, which conforms to the Declaration of Helsinki.   

 Equipment 

 Breathing frequency, tidal volume, and minute ventilation (V I ) 

were determined from a pneumotachograph (model 3813, 

Hans Rudolph, Kansas City, MO). Ventilated O 2  and CO 2  were 

measured at the mouth and analyzed using gas analyzers (mod-

els S-3A/I and CD-A, respectively, Applied Electrochemistry, 

Pittsburgh, PA). Beat-by-beat blood pressure (including mean 

arterial pressure) and oxyhemoglobin saturation (S p  o  2 ) were 

measured noninvasively at the fi nger with photoplethysmogra-

phy (Finometer, FMS, Arnhem, Netherlands) and fi nger pulse 

oximetry (Model 3740, Ohmeda, Louisville, CO), respectively. 

Standard 3-lead electrocardiography was used to determine 

heart rate. Cerebral blood flow velocity was continuously 

measured at the proximal segment of the middle cerebral 

artery with a 2 MHz pulsed-wave transcranial Doppler ultra-

sound (Neurovision 500 M, Multigon Industries, Yonkers, NY). 

All data was collected using an analog to digital converter 

(PowerLab/16SP ML 795, ADInstruments, Colorado Springs, 

CO), sampled at 200 Hz and stored on a computer for offl  ine 

analysis (Chart V5.02, ADInstruments).   

 Procedure 

 Th e cerebrovascular sensitivity to CO 2  was assessed on the day 

prior to (PRE-IH) and following (POST-IH) 10 consecutive 

days of IH. Th e middle cerebral artery was insonated through 

the right temporal window, above the zygomatic arch, to 

obtain backscattered Doppler signals. Optimal Doppler sig-

nals were achieved using previously described methods.  21   

A transparency of each subject ’ s facial features was taken 

to ensure consistency of probe placement during the two 

experimental sessions (PRE-IH and POST-IH). Th e probe was 

then secured using a headband device (Marc 600, Spencer 

Technologies, Seattle, WA) to provide a fi xed angle of insonation. 

For each subject, the same depth and gain of the Doppler signal 

was used during PRE-IH and POST-IH testing. Placement of 

the Doppler probe was performed by the same investigator. 

Each experimental day began with a minimum of 10 min of 

resting eupnea to ensure stable baseline measurements. Subjects 

abstained from caff eine, alcohol, and exhaustive exercise for 24 h 

prior to the experimental tests. Th e IH protocol consisted of 

subjects breathing a hypoxic inspirate [fraction of inspired oxy-

gen (F I  o  2 ) of 12%, corresponding to an approximate altitude 

of 13,123 ft  (4000 m)] from a reservoir for 5 min followed by 

5 min of room-air breathing; this cycle was repeated for 1 h each 

day (    Fig. 1  ). Subjects wore a sealed facemask during hypoxic 

exposures and breathed through a mouthpiece during sensitivity 

  
 Fig. 1.        Physiological measurements during an IH exposure in a representative 

subject.    
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testing. Ventilated gases were continuously monitored at the 

mouth to ensure there were no leaks in the inspiratory circuit 

and precise hypoxic control was attained. Th e cerebrovascular 

sensitivity to CO 2  was determined by the rebreathe method as 

described by Duffi  n et al.  3   Subjects were required to hyperven-

tilate for 5 min in order to reduce end-tidal partial pressure of 

CO 2  (P ET  co  2 ) by  ; 15 mmHg. Following the hyperventilation 

period, subjects expired completely before taking three deep 

breaths from the rebreathing bag, consisting of 7% CO 2  and 

balance O 2 . Subjects then continued to rebreathe from the bag 

at a self-paced rate. During the rebreathe portion of the test, 

O 2  pressure of the inspirate was maintained at 150 mmHg by 

a computer-controlled device. Th e test was terminated once 

P ET  co  2  reached 60 mmHg.       

 Statistical Analysis 

 For each measured physiological variable, an average was deter-

mined at each P ET  co  2  in 1-mmHg intervals. Th e slope of the lin-

ear regression between each variable and P ET  co  2  was taken to 

represent the sensitivity to CO 2  (    Fig. 2  ). For ventilatory mea-

sures, linear regression began at the ventilatory threshold. Stu-

dent ’ s paired  t -tests were used to investigate the diff erences in 

physiological variables during eupnea between PRE-IH and 

POST-IH experimental sessions, as well as the diff erences in sen-

sitivities to CO 2  (Statistica V7, Statsoft  Inc., Tulsa, OK). Pearson 

product moment correlations were performed on selected depen-

dent variables. Th e level of signifi cance was set at  P   ,  0.05 for all 

statistical comparisons. All data is presented as mean  6  SD.         

 RESULTS 

 All subjects completed the entire experimental protocol. Th ere 

was no eff ect of IH on eupnic measures during the 10-d IH pro-

tocol. Within an IH exposure, the hypoxic inspirate was well-

controlled (mean F I  o  2   5  12.15  6  0.3%, corresponding to a 

P a  o  2  of 87 mmHg), resulting in a decrease and increase in S p O 2  

and V I , respectively ( Fig. 1 ). 

 Specifi cally, on the fi nal day of IH exposure, the hypoxia 

resulted in a S p  o  2  of 84.7  6  2.6% and a subsequent V I  of 15.6  6  

3.0 L · min  2 1 . The V I  response to hypoxia significantly 

increased from the fi rst to last day of IH exposures [3.0  6  

2.8 L · min  2 1  increase;  t (7)  5   2 2.47,  P   5  0.046]. Th ere was no 

change in any physiological measure during eupnea between 

PRE-IH and POST-IH experimental sessions (    Table I  ).     

 The cerebrovascular sensitivity to CO 2  was 2.58  6  

0.50%/mmHg PRE-IH and did not change with IH [POST-IH: 

2.59  6  0.74%/mmHg;  t (7)  5   2 0.03,  P   5  0.97;     Fig. 3  ]. Simi-

larly, there was no eff ect of IH on the CO 2  sensitivity of any 

other ventilatory or cardiovascular measures ( P   .  0.05).       

 DISCUSSION 

 We assessed the cerebrovascular response to CO 2  in healthy 

humans following 10 consecutive days of IH. Contrary to our 

previous report that demonstrated a reduced cerebrovascular 

response to acute hypoxia following an identical IH paradigm, 

cerebrovascular reactivity to CO 2  was unchanged, although 

there were adjustments in the ventilatory response to IH. 

 IH is a stimulus that leads to multiple adjustments in ven-

tilatory, cardiovascular, neural, and cerebrovascular control.  1 , 6   

Animal, healthy human, and patient models of IH have dem-

onstrated blunted or augmented autonomic responsiveness 

depending on the autonomic system being investigated.  5 , 19 , 22   

Although the physiological eff ects of IH are well-described, 

the available literature does show some inconsistencies. For 

example, improvements and impairments in cerebrovascular 

reactivity have been shown following IH,  11 , 22   leading some to 

suggest a therapeutic eff ect of IH rather than pathological.  24   

A central caveat to integrating the results of the literature is 

the disparity between IH paradigms employed, an important 

consideration given that a distinct IH paradigm mediates the 

physiological response.  18   In particular, the severity of the 

hypoxic exposures and the number of hypoxic iterations (i.e., 

hypoxia-reoxygenation cycles) appear to be important in elic-

iting a pathological rather than therapeutic response.  18   Th e 

present study used an IH paradigm previously demonstrated 

  
 Fig. 2.        Cerebrovascular responsiveness to CO 2  PRE-IH (black circles) and POST-

IH (white circles) in a representative subject. MCA Vmean   5  mean middle cerebral 

artery velocity.    

 Table I.        Physiological Measurements During Eupnea in the PRE-IH and 

POST-IH Experimental Sessions.  

  PRE-IH POST-IH  

  Fb (breath/min) 13.9  6  4.4 13.6  6  5.5 

 V T  (L) 0.94  6  0.21 0.97  6  0.24 

 V I  (L · min  2 1 ) 12.4  6  3.4 12.3  6  3.4 

 P ET  CO  2  (mmHg) 39  6  2 38  6  2 

 HR (bpm) 59  6  8 59  6  8 

 MAP (mmHg) 92  6  5 94  6  5 

 MCA Vmean  (cm · s  2 1 ) 62  6  9 60  6  11  

   IH  5  intermittent hypoxia; Fb  5  breathing frequency; V T   5  tidal volume; V I   5  inspired 

minute ventilation; P ET  CO  2   5  end-tidal partial pressure of CO 2 ; HR  5  heart rate; 

MAP  5  mean arterial pressure; MCA Vmean   5  mean blood fl ow velocity of the middle 

cerebral artery.   
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to cause cerebrovascular dysfunction in acute hypoxia. How-

ever, our results demonstrated no eff ect of IH on cerebrovas-

cular response to CO 2 , suggesting that diverse mechanisms 

mediate cerebrovascular control in hypoxia and CO 2 . 

 Th e cerebrovasculature is particularly sensitive to changes in 

arterial pressure of CO 2 , with increases and decreases leading to 

cerebral vessel dilation and constriction, respectively.  8   Previous 

investigators have demonstrated the importance of NO in 

mediating the cerebrovascular response to CO 2 .  26   Given the 

reduced bioavailability of NO following IH,  4   we expected a 

blunted cerebrovascular response to CO 2  following our IH par-

adigm. Surprisingly, our data shows no eff ect of IH on cerebro-

vascular responsiveness to CO 2 ; however, we are not the fi rst to 

show this.  10 , 27   An explanation for the absence of an eff ect of IH 

is uncertain, but the multifaceted and redundant nature of 

cerebrovascular control may play a role. For instance, it is 

theorized that CO 2  directly infl uences cerebrovascular tone 

independently of any intermediates (e.g., NO).  23   It is possible 

that an impairment in cerebrovascular chemoregulation via 

NO unavailability could have been compensated for by a 

direct CO 2  infl uence on the cerebral vessels. In this sense, pre-

vious studies that demonstrated a blunted cerebrovascular 

responsiveness to CO 2  in patients with obstructive sleep 

apnea may be explained by a desensitization of cerebral CO 2  

chemosensors from the apnea-induced periods of hypercap-

nia.  2 , 20   Although the poikilocapnic IH in the current study 

may have reduced the bioavailability of NO, a direct local 

eff ect of CO 2  on cerebral vessels could have maintained proper 

autonomic function, thereby negating the infl uence of NO 

on cerebrovascular response to hypoxia.  9   Th is implies a criti-

cal role of CO 2  on the physiological consequences of IH. 

Data from breath-hold divers, on the other hand, have shown 

normal cerebrovascular responsiveness to CO 2 ;  10   thus, an 

isolated intermittent hypo-/hypercapnia paradigm may pro-

vide further insights into the mechanisms of cerebrovascular 

control to CO 2 . 

 Th ere are inherent limitations in the current study. Tran-

scranial Doppler ultrasonography provides an estimation of 

cerebral blood fl ow with the assumption that the insonated 

vessel maintains a fi xed diameter. Previous reports have dem-

onstrated no change in cross-sectional area of the middle 

cerebral artery during CO 2  challenges.  21 , 25   As a result, we con-

sider our transcranial Doppler measurement to represent real 

changes in cerebral blood fl ow due to cerebral vessel dilation 

and constriction of small resistance vessels downstream of the 

area of insonation. In addition, extending our results to other 

models of IH must be done with caution. As previously men-

tioned, the specifi c IH paradigm combined with confounding 

factors can mediate the physiological response. While not the 

focus of the current study, the eff ect of prior IH exposure on 

subjective measures of performance and cognition in acute 

hypoxia has been the topic of previous investigations.  15 , 17   Fur-

ther research investigating this possible eff ect could prove 

useful for practically relevant models of hypoxia, such as avia-

tion and high-altitude. 

 In summary, we previously demonstrated cerebrovascular 

dysregulation in acute hypoxia following 10 d of IH. In the cur-

rent study, we used an identical IH paradigm and found no 

eff ect on the cerebrovascular response to CO 2 , although venti-

latory responsiveness to hypoxia increased. Our data suggest a 

possible redundancy in cerebrovascular control during CO 2  

challenges, which may act to protect the cerebrovasculature 

from IH-induced impairments.     

 ACKNOWLEDGMENTS 

 Th is study was supported by the Natural Sciences and Engineering Research 

Council of Canada (NSERC) and a Canadian Institutes of Health Research 

(CIHR) Respiratory Sleep Disorders Research Team Grant. J. F. Welch was sup-

ported by a Four Year Fellowship from the University of British Columbia. A. W. 

Sheel was supported by a New Investigator Award from the CIHR. 

 Th e authors declare that they have no confl ict of interest. 

  Authors and affi  liations:  Jordan S. Querido, Ph.D., and Najib T. Ayas, M.D., Fac-

ulty of Medicine, and Joseph F. Welch, M.Res., and A. William Sheel, Ph.D., 

School of Kinesiology, University of British Columbia-Vancouver, Vancouver, 

British Columbia, Canada.  

  REFERENCES 

   1.       Casas   M,     Casas   H,     Pages   T,     Rama   R,     Ricart   A,    et al.    Intermittent hypobaric 

hypoxia induces altitude acclimation and improves the lactate threshold . 

 Aviat Space Environ Med.   2000 ;  71 ( 2 ): 125  –  130 .  

   2.       Diomedi   M,     Placidi   F,     Cupini   LM,     Bernardi   G,     Silvestrini   M   .  Cerebral 

hemodynamic changes in sleep apnea syndrome and eff ect of contin-

uous positive airway pressure treatment .  Neurology.   1998 ;  51 ( 4 ):

 1051  –  1056 .  

   3.       Duffi  n   J,     Mohan   RM,     Vasiliou   P,     Stephenson   R,     Mahamed   S   .  A model 

of the chemorefl ex control of breathing in humans: model parameters 

measurement .  Respir Physiol.   2000 ;  120 ( 1 ): 13  –  26 .  

   4.       Feng   J,     Zhang   D,     Chen   B   .  Endothelial mechanisms of endothelial 

dysfunction in patients with obstructive sleep apnea .  Sleep Breath.   2012 ; 

 16 ( 2 ): 283  –  294 .  

   5.       Foster   GE,     Hanly   PJ,     Ostrowski   M,     Poulin   MJ   .  Eff ects of continuous 

positive airway pressure on cerebral vascular response to hypoxia in 

patients with obstructive sleep apnea .  Am J Respir Crit Care Med.   2007 ; 

 175 ( 7 ): 720  –  725 .  

  
 Fig. 3.        The eff ect of IH on cerebrovascular responsiveness to CO 2 . Error bars 

represent SD. MCA Vmean   5  mean middle cerebral artery velocity.    

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05



786  AEROSPACE MEDICINE AND HUMAN PERFORMANCE Vol. 86, No. 9 September 2015

CEREBROVASCULAR RESPONSE TO IH — Querido  et al. 

   6.       Foster   GE,     Poulin   MJ,     Hanly   PJ   .  Intermittent hypoxia and vascular 

function: implications for obstructive sleep apnoea .  Exp Physiol.   2007 ; 

 92 ( 1 ): 51  –  65 .  

   7.       Grebe   M,     Eisele   HJ,     Weissmann   N,     Schaefer   C,     Tillmanns   H,    et al.   

 Antioxidant vitamin C improves endothelial function in obstructive sleep 

apnea .  Am J Respir Crit Care Med.   2006 ;  173 ( 8 ): 897  –  901 .  

   8.       Heistad   DD,     Kontos   HA   .  Cerebral circulation . In:    Shepherd   JT,     Abboud 

  FM,     Geiger   SR   , editors. Handbook of physiology.  Th e cardiovascular 

system. Peripheral circulation. III.   Bethesda (MD) :  American Physio-

logical Society ;  1983 : 137  –  182 .  

   9.       Ide   K,     Worthley   M,     Anderson   T,     Poulin   MJ   .  Eff ects of the nitric oxide 

synthase inhibitor L-NMMA on cerebrovascular and cardiovascular 

responses to hypoxia and hypercapnia in humans .  J Physiol.   2007 ; 

 584 ( Pt. 1 ): 321  –  322 .  

   10.       Ivancev   V,     Palada   I,     Valic   Z,     Obad   A,     Bakovic   D,    et al.    Cerebrovascular 

reactivity to hypercapnia is unimpaired in breath-hold divers .  J Physiol. 

  2007 ;  582 ( Pt. 2 ): 723  –  730 .  

   11.       Kolb   JC,     Ainslie   PN,     Ide   K,     Poulin   MJ   .  Eff ects of fi ve consecutive 

nocturnal hypoxic exposures on the cerebrovascular responses to 

acute hypoxia and hypercapnia in humans .  J Appl Physiol.   2004 ;  96 ( 5 ):

 1745  –  1754 .  

   12.       Lavi   S,     Gaitini   D,     Milloul   V,     Jacob   G   .  Impaired cerebral CO 2  

vasoreactivity: association with endothelial dysfunction .  Am J Physiol 

Heart Circ Physiol.   2006 ;  291 ( 4 ): H1856  –  H1861 .  

   13.       Lavie   L   .  Sleep-disordered breathing and cerebrovascular disease: a 

mechanistic approach .  Neurol Clin.   2005 ;  23 ( 4 ): 1059  –  1075 .  

   14.       Lee   DS,     Badr   MS,     Mateika   JH   .  Progressive augmentation and ventilatory 

long-term facilitation are enhanced in sleep apnoea patients and are 

mitigated by antioxidant administration .  J Physiol.   2009 ;  587 ( Pt. 22 ):

 5451  –  5467 .  

   15.       Leiffl  en   D,     Poquin   D,     Savourey   G,     Barraud   PA,     Raphel   C,     Bittel   J   . 

 Cognitive performance during short acclimation to severe hypoxia .  Aviat 

Space Environ Med.   1997 ;  68 ( 11 ): 993  –  997 .  

   16.       Lusina   SJ,     Kennedy   PM,     Inglis   JT,     McKenzie   DC,     Ayas   NT,     Sheel   AW   . 

 Long-term intermittent hypoxia increases sympathetic activity and 

chemosensitivity during acute hypoxia in humans .  J Physiol.   2006 ; 

 575 ( Pt. 3 ): 961  –  970 .  

   17.       MacNutt   MJ,     Laursen   PB,     Kedia   S,     Neupane   M,     Parajuli   P,    et al.   

 Acclimatisation in trekkers with and without recent exposure to high 

altitude .  Eur J Appl Physiol.   2012 ;  112 ( 9 ): 3287  –  3294 .  

   18.       Navarrete-Opazo   A,     Mitchell   GS   .  Th erapeutic potential of intermittent 

hypoxia: a matter of dose .  Am J Physiol Regul Integr Comp Physiol.   2014 ; 

 307 ( 10 ): R1181  –  R1197 .  

   19.       Phillips   SA,     Olson   EB,     Morgan   BJ,     Lombard   JH   .  Chronic intermittent 

hypoxia impairs endothelium-dependent dilation in rat cerebral and 

skeletal muscle resistance arteries .  Am J Physiol Heart Circ Physiol.   2004 ; 

 286 ( 1 ): H388  –  H393 .  

   20.       Placidi   F,     Diomedi   M,     Cupini   LM,     Bernardi   G,     Silvestrini   M   .  Impairment 

of daytime cerebrovascular reactivity in patients with obstructive sleep 

apnoea syndrome .  J Sleep Res.   1998 ;  7 ( 4 ): 288  –  292 .  

   21.       Poulin   MJ,     Robbins   PA   .  Indexes of fl ow and cross-sectional area of the 

middle cerebral artery using Doppler ultrasound during hypoxia and 

hypercapnia in humans .  Stroke.   1996 ;  27 ( 12 ): 2244  –  2250 .  

   22.       Querido   JS,     Godwin   JB,     Sheel   AW   .  Intermittent hypoxia reduces cerebro-

vascular sensitivity to isocapnic hypoxia in humans .  Respir Physiol 

Neurobiol.   2008 ;  161 ( 1 ): 1  –  9 .  

   23.       Ringelstein   EB,     Otis   CL   .  Physiological testing of vasomotor reserve . In: 

Newell DW, Aaslid R, editors. Transcranial Doppler. New York: Raven 

Press;  1992 .  

   24.       Serebrovskaya   TV,     Manukhina   EB,     Smith   ML,     Downey   HF,     Mallet   RT   . 

 Intermittent hypoxia: cause of or therapy for systemic hypertension?   Exp 

Biol Med (Maywood).   2008 ;  233 ( 6 ): 627  –  650 .  

   25.       Serrador   JM,     Picot   PA,     Rutt   BK,     Shoemaker   JK,     Bondar   RL   .  MRI 

measures of middle cerebral artery diameter in conscious humans 

during simulated orthostasis .  Stroke.   2000 ;  31 ( 7 ): 1672  –  1678 .  

   26.       Th ompson   BG,     Pluta   RM,     Girton   ME,     Oldfi eld   EH   .  Nitric oxide 

mediation of chemoregulation but not autoregulation of cerebral blood 

fl ow in primates .  J Neurosurg.   1996 ;  84 ( 1 ): 71  –  78 .  

   27.       Urbano   F,     Roux   F,     Schindler   J,     Mohsenin   V   .  Impaired cerebral autoregula-

tion in obstructive sleep apnea .  J Appl Physiol.   2008 ;  105 ( 6 ): 1852  –  1857 .      

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05


