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SUMMARY - The aim of the study was to assess differences in cerebrovascular reactivity in
healthy subjects during orthostasis. Twenty healthy volunteers (11 men and 9 women) with no at­
herosclerotic risk factors were evaluated by use of transcranial Doppler. The breath holding index
(BHI) was obtained in supine and upright posture using standardized procedure. Student's t-test
was used on comparison of the mean blood flow velocities (MBFV) and BHI between supine and
upright posture and between the left and right side of the body. The middle cerebral artery MBFV in
supine posture was 66.6 cm/s on the right side and 68.5 cm/s on the left side and in upright posture
60.6 cm/s on the right side and 62.3 cm/s on the left side. There was no significant MBFV difference
either between supine and upright posture or between male and female subjects. The mean BHI in
supine posture was 1.59 on the right side, 1.65 on the left side, and in upright posture 1.63 on the
right side and 1.7 on the left side, without significant sex difference. There was no statistically signi­
ficant differences in BHI between supine and upright posture (P=0.81 and P=0.68 for the right and
left side, respectively) or between the two sides of the body in supine (P=0.71) and upright posture
(P=0.8). In conclusion, evaluation of cerebrovascular reactivity yielded no significant difference in
BHI values during orthostatic stress.
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Introduction

The ability to assume upright posture depends cru­
cially on adequate perfusion of the brain':". Blood flow
to the brain can be influenced through adjustments
in systemic hemodynamics (i.e. perfusion pressure),
or through local vascular modulation (i.e. cerebral
autoregulation)'. Cerebral autoregulation refers to the
inherent ability of cerebral blood vessels to keep cere­
bral blood flow constant over a wide range of systemic
blood pressure",

Transcranial Doppler (TCD) is a noninvasive ul­
trasonic technique that measures local blood flow ve-
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locity and direction in the proximal portions of large
intracranial arteries'>. TeD evaluation of large basal

conducting vessels, which remain relatively constant
in diameter during moderate pressure fluctuations or
changes in microcirculatory function, can provide an
index of relative flow changes in response to small

blood pressure changes and physiologic stimuli to as­
sess autoregulation and vasomotor reactivity of distal
cerebral arteriolar bed? Techniques used on vasomo­

tor reactivity testing of static (i.e. at rest) or dynamic
(i.e. after provocative stimuli) cerebral autoregulation
include measuring changes in flow velocities following
1) hemodynamic stimuli (rapid leg cuff deflation, Val­
salva maneuver, deep breathing, ergometric exercise,
head-down tilting, orthostasis and lower body nega­

tive pressure, and beat-to-beat spontaneous transient
pressor and depressor changes in the mean arterial
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pressure); 2) CO2 inhalation (hypercapnia/hyperven­
tilation, hypocapnia); 3) breath-holding index (BHI);
4) acetazolamide injection; and 5) transient hyperemia
response and its variants":". BHI is a nonaggressive,
well- tolerated, real-time and reproducible screening
method to study cerebral hemodynamics' "!',

Several studies have reported a marked decrease
in the steady-state mean cerebral blood flow veloc­
ity during orthostatic stress with head upright tilt
and lower-body negative pressure in normal subjects,
despite maintenance of a relatively constant mean ar­
terial blood pressure!'-!8 These findings suggest the
presence of a paradoxical cerebral vasoconstriction,
which may be induced by a reduction in arterial CO

2

and/or sympathetic activation elicited by orthostatic
stress19-22 . Moreover, a significant increase in the gain
of the transfer function estimates between sponta~

neous beat-to-beat fluctuations in the mean arterial
blood pressure and mean cerebral blood flow velocity
has been reported at high levels of lower body nega­
tive pressure>, suggesting impaired dynamic cerebral
autoregulation. In addition, dynamic cerebral auto­
regulation was found to be dependent on end-tidal
CO2 level and impaired during head upright tilt by
analyzing transfer function estimates between the
mean arterial blood pressure fluctuations and beat-to­
beat cerebrovascular resistance-". Arterial CO

2
ten­

sion is one of the strongest physiologic modulators of
cerebral blood flow", and a number of studies have
examined dynamic effects of PaC02 changes on the
mean cerebral blood flow velocity (cerebral vasomo­
tor reactivity) by employing step CO

2
changes25,26 ,

controlled breathing protocols", and spontaneous
breath-to-breath PaC0

2
fluctuations along with the

mean arterial blood pressure fluctuations:". Arterial,
end-tidal, and transcutaneous CO

2
levels have been

shown to fall significantly in normal subjects immedi­
ately after head upright tilt'°,2s-3!, whereas Cencetti et

al.20 demonstrated a significant link between declines
in the cerebral blood flow velocity and CO

2
after head

upright tilt, Despite the cerebral blood flow velocity
decrease during orthostatic stress, its effect on dy­
namic cerebral autoregulation is unclear, with both
intact19,32-34 and impaired-v" cerebral autoregulation

being reported in normal subjects. It remains contro­
versial whether dynamic cerebral autoregulation is
altered under orthostatic stress19,22,23,34,36,37. The aim

of this study was to assess cerebrovascular reactivity
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during orthostasis in healthy subjects using the breath
holding method,

Subjects and Methods

Twenty healthy volunteers (11 men and 9 women)
were included in the study. An informed consent was
obtained before the study entry, All subjects were free
from cerebral symptoms, stroke, or signs of transient
ischemic attack, and also free from stroke risk fac­

tors such as arterial hypertension, hyperlipidemia,
ischemic heart disease, atrial fibrillation or diabetes
mellitus, All subjects had negative history of ortho­
static hypotension and syncope, Cigarette smokers
were included in the study, Patients with moderate or
severe atherosclerotic changes of the main head and
neck blood vessels were not included in the study, Ex­
tracranial blood vessels were evaluated by the method
of color Doppler flow imaging (CDFI) and power
Doppler imaging (PDI) on an Aloka 5500 Prosound
with a 75 MHz linear probe,

Cerebrovascular reactivity to hypercapnia was
evaluated by use of BHp3 on a TCD Sonara TEC

(Vyasis Healthcare). Two dual 2-MHz transducers
fitted on a headband and placed on the temporal bone
windows were used for bilateral continuous measure­

ment of the mean blood flow velocity in middle ce­
rebral arteries, The depth of insonation ranged from
48 to 52 mm. BHI is obtained by dividing the per­
centage increase in the mean flow velocity occurring
during breath holding by the length of time (seconds)
the subjects hold their breath after normal inspiration
(mean flow velocity at the end of breath holding mi­
nus mean flow velocity at rest divided by mean flow
velocity at rest) multiplied by 100 divided by seconds
of breath holding), The mean flow velocity at rest was
obtained by continuous recording of l-rninute normal
breathing Subjects were asked to hold their breath for
30 seconds after normal inspiration to avoid Valsalva
maneuver, Subjects that could not hold their breath

for 30 seconds held breath as long as they could and
that time was taken in subsequent calculation. Be­
fore proceeding to definitive recording, subjects were
trained to perform the procedure correctly, The pro­
cedure was performed in supine posture and then in
upright posture. Student's t-test was used to compare
the mean blood flow velocity and BHI between su-
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Table 1. Mean bloodflow velocities (MBFV) and breath
holding index according to side and supine or upright pos­

ture

Right Left
MBFVin

Supine 66.6 68.5
middle
cerebral Standing 60.6 62.3

artery (cm/s) Supine after 20 s 88.9 91.7

Standing after 20 s 81.1 84.2
Breath Supine 1.59 1.65
holding

Standing 1.63 1.7index
Pvalue 0.81 0.68

pine and upright posture. It was also used for side to
side comparison. The level of significance was set at
P<O.01.

Results

Twenty healthy volunteers (11 men and 9 wom­
en), mean age 35, nine of them nine smokers, were
included in the study. There was no significant differ­
ence in the mean blood flow velocity between supine
and upright posture (Table 1) or between male and
female subjects (Table 2). The mean BHI in supine
posture was 1.59 on the right side and 1.65 on the left
side, and in upright posture 1.63 on the right side and
1.7 on the left side, without any significant sex differ­
ence. There was no statistically significant difference
in BHI between supine and upright posture (P=0.81
and P=0.68 for the right and left side, respectively),
or between the sides in supine (P=0.71) and upright
posture (P=0.8) (Tables 1 and 2).

Discussion

During orthostasis, the mean blood flow velocity
values were slightly reduced as compared with supine

Table 2. Breath holding index according to sex and supine

or uprightposture

Breath
Male Female Pvalue

holding index

Supine 1.65 1.57 0.65

Standing 1,68 1.63 0.78
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posture. Assessment of cerebrovascular reactivity in
healthy subjects on supine and upright posture yielded
no significant BHI differences. These findings con­
firmed the results of previous studies showing the
mean cerebral blood flow velocity to decline in normal
subjects after passive head upright tilt14-18.36 Zhang et

al. used lower body negative pressure to demonstrate
that dynamic cerebral autoregulation may deteriorate
in normal subjects during high levels of orthostatic
stress:". The same results were shown in some other
studies21,36. The sympathetic neural activity was found
to have a constraining effect on cerebral blood flow
responses to CO

2
stimuli during head upright tilt21•2'.

Leftheriotis et al. showed the dynamic cerebral auto­
regulation to be preserved in normal subjects at low
levels of orthostatic stress". Carey et al. assessed dy­
namic cerebral autoregulation responses in normal
subjects and patients with recurrent vasovagal synco­
pe and showed that cerebral autoregulation was pre­
served initially after head upright tilt in both groups36
In some studies, dynamic autoregulation was found to
remain unchanged in normal and neurally mediated
syncope patients during head upright tilt19.]'. One
reason for these discrepancies is likely to be differ­
ent experimental methods used (lower body negative
pressure vs. head upright tilt), as well as timing of as­
sessment (before or during the throes of syncope in­
duced by orthostatic stress). The amount oforthostatic
stress during head upright tilt may not be equivalent
to high levels of lower body negative pressure. More­
over, head upright tilt stimulates the vestibulosympa­
thetic reflex, which may elicit cerebral hemodynamic
responses different to those during lower body nega­
tive pressure38,39.

Cerebral blood flow is particularly difficult to
measure because of its complex vascular supply and
control mechanisms that result in a heterogeneous re­
gional distribution of flow". The present study of ce­
rebral blood flow in humans required a technique that
is safe and noninvasive while allowing for repeatable
estimates of changes in global flow on a beat-to-beat
basis. To meet these requirements, we used the TCD
developed by Aaslid et al.6

, which takes advantage of
the ability of ultrasound at relatively low frequencies
(2 MHz) to penetrate the skull. The middle cerebral
artery is ideally suited for this technique because its
axis makes a relatively small angle with that of the
Doppler beam, optimizing the opportunity to obtain
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true maximum velocities. Furthermore, this angle re­
mains constant throughout the study, thus ensuring
that Doppler signals are proportional to the true blood
velocity. Because of its safety, ease of use, and ability
to monitor rapid changes in global cerebral blood flow
from the velocity, TeD has become a standard clini­
cal tool in the evaluation of cerebral circulation-":".

The results of this study showed changes in ce­
rebral hemodynamics during orthostasis. In healthy
subjects, there were no significant differences in BHI
during orthostatic stress. We used the simple, nonin­
vasive and well tolerated breath holding method to as­
sess cerebrovascular reactivity'v". To our knowledge,
it was the first time that it was used in assessing cere­
brovascular reactivity during orthostasis in healthy
subjects. These results can be used in further studies
to measure cerebral hemodynamics during orthostatic
stress in specific groups of patients (patients with syn­
cope, autonomic failure, cerebrovascular disease, arte­
rial hypertension, etc.).

References

1. BROOKS D], REDMOND S, MATHIAS C], et al. The
effect of orthostatic hypotension on cerebral blood flow and

middle cerebral artery velocity in autonomic failure, with

observations on the action of ephedrine.] Neurol Neurosurg

Psychiatry 1989;52:962-6.

2. YONEHARA T, ANDO Y, KIMURA K, UCHINO M,
ANDO M. Detection ofreverse flow by duplex ultrasonogra­

phy in orthostatic hypotension. Stroke 1994;25:2407-11.

3. HURN PD, TRAYSTMAN RJ. Overview of cerebrovas­

cular hemodynamics. In: WELCH KMA, CAPLAN LR,

REIS D], eds. Primer on cerebrovascular diseases. New York,

NY: Academic Press, 1997:42-4.

4. PAULSON OB, STRANDGAARD S, EDVINSSON
L. Cerebral autoregulation. Cerebrovasc Brain Metab Rev
1990;2;161-92.

5. BABIKIAN VL, FELDMANN E, WECHSLER LR,
NEWELL DW, GOMEZ CR, BOGDAHN U, et al. Tran­
scranial Doppler ultrasonography: year 2000 update. J Neu­

roimag 2000;10:101-15.

6. ALEXANDROV A, DEMARIN V. Insonation techniques

and diagnostic criteria for transcranial Doppler sonography.
Acta Clin Croat 1999;38:97-108.

7. AASLID R, LINDEGAARD KF, SORTEBERG W,
NORNES H. Cerebral autoregulation dynamics in humans.
Stroke 1989;20;45-52.

8. MARKUS H, CULLINANE M. Severely impaired cere­

brovascular reactivity predicts stroke and TIA risk in pa-

302

Assessment of breath holding index during orthostasis

tients with carotid artery stenosis and occlusion. Brain

2001;124;457-67.

9. VERNIERI F, PASQUALETTI P, MATTEIS M, PAS­
SARELLI F, TROISI E, ROSSINI PM, et al.. Effect of
collateral blood flow and cerebral vasomotor reactivity on the

outcome of carotid artery occlusion. Stroke 2001;32:1552-8.

10. SETTAKIS G, LENGYEL A, MOLNAR C, BERECZKI
D, CSIBA L, FULESDI B. Transcranial Doppler study of

the cerebral hemodynamic changes during breath-holding

and hyperventilation tests.] Neuroimag 2002;12:252-8.

11. ZAVOREO I, DEMARIN V. Breath holding index in

the evaluation of cerebral vasoreactivity. Acta Clin Croat

2004;43;15-9.

12. SLOAN MA, ALEXANDROV AV, TEGELER CH,
SPENCER MP, CAPLAN LR, FELDMANN E, et al. A, ­
sessment: transcranial Doppler ultrasonography. Neurology
2004;62;1468-81.

13. MARKUS HS, HARRISON M]G. Estimation of cerebro­

vascular reactivity using transcranial Doppler, including the

use of breath-holding as the vasodilatory stimulus. Stroke

1992;23;668-73.

14. BONDAR RL, KASSAM MS, STEIN F, DUNPHY PT,
FORTNEY S, RIEDESEL ML. Simultaneous cerebrovas­

cular and cardiovascular responses during pre syncope. Stroke
1995;26;1794-800.

15. SUNG RYT, DU ZD, YU CW, et al. Cerebral blood flow

during vasovagal syncope induced by active standing or head
up tilt. Arelt Di, Child 2000;82;154-8.

16. GRUBB BP, GERARD G, ROUSH K, TEMESY-AR­
MOS P, MONTFORD P, ELLIOTT L, et al. Cerebral
vasoconstriction during head-upright tilt-induced vasovagal

syncope: a paradoxic and unexpected response. Circulation
1991;84;1157-64.

17. GILLER CA, LEVINE BD, MEYER Y, BUCKEY]C,
LANE LD, BORCHERS D], et al. The cerebral hemody­

namics of normotensive hypovolaemia during lower-body

negative pressure.] Neurosurg 1992;76:961-6.

18. LEVINE BD, GILLER CA, LANE LD, BUCKEY ]C,
BLOMQYIST CG. Cerebral versus systemic hemodynam­

ics during graded orthostatic stress in humans. Circulation
1994;90;298-306.

19. SCHONDORF R, BENOIT ], WEIN T. Cerebrovascular

and cardiovascular measurements during neurally mediated

syncope induced by head-up tilt. Stroke 1997;28:1564-8.

20. CENCETTI S, BANDINELLI G, LAGI A. Effect of
PCO

l
changes induced by head-upright tilt on transcranial

Doppler recordings. Stroke 1997;28:1195-7.

21. ]ORDAN J. SHANNON ]R, DIEDRICH A, BLACK
B; COSTA F, ROBERTSON D et al. Interaction of car­

bon dioxide and sympathetic nervous system activity in the

regulation of cerebral perfusion in humans. Hypertension

2000;36;383-99.

Acta Clin Croa t, Vol. 48, No.3, 2009



Petra Bago-Rozankovic et al.

22. ZHANG R, ZUCKERM AN ]H. LEVINE BD. De­
terioration of cerebral autoregu lation during orthostatic
stress: insights fro m th e frequency domain. J App l Physiol
1998;8H113-22.

23. EDWARDS MR. SHO EMAKE R K]. HUGH SO N RL.
D ynamic modulation of cerebrovascular resistance as an in­
dex of autoreg ulation under tilt and controlled PET C O l. A m
] Physiol Regul Integ' Comp PhysioI2002;283:653-62.

24. EDVINSSON L. KRAUSE DN. Cerebral blood flow and
metabolism. Ph iladelphia. PA: Lippincott \Vill iams and
Wilkins, 2002.

25. ELLING SEN I, HAUGE A, Nl COLAYSEN G, T HO RE­
SEN 1\1. \VALL0E L et a!. Ch anges in human cerebral blood
flow due to step changes in Pa01 and PaC Ol. Acta Physiol
Sa nd 1987;129:157-63.

26. POULI N M]. LIANG Pl . ROBBINS PA. Dynamics of
the cerebral blood flow response to step cha nges in end-t idal
PC Ol and POl in humans. J Ap pl PhysioI1 996;1084-95.

27. EDWARD S M R. A new two breat h techniqu e for extracting
th e cerebrovascular respons e to arterial carbon-dioxide. AmJ
Ph ysiol Regul Integr Comp Ph ysioI 2002;284:853-9.

28. MITSIS GD. POULIN M], ROBBINS PA. MARMARE­
LI S VZ . Nonlinear modeling of the dynamic effects of ar terial
pressure and C O2 variations on cerebral blood flow in healthy
humans. IEEE Trans Biomed Eng 2004;51:1932-43.

29. SERRADO R LM, BONDA R RL, HUGSON RL. Venti­
latory response to passive head up tilt . Adv Exp M ed BioI
1998;450:133-9.

30. ANT HON ISEN NR, BARTLETT D]R, TENNEY
SR. Postural effect on ventilato ry control. J App l Physiol
1965;20:191-6.

31. YOSHIZAKI H, YOSHIDA A, HAYASHI F. FUKUDA
Y. Effect of postural change on control of vent ilation. jpn J
PhysioI 1998;48:267-73.

32. LEFTHERIOTIS G. PRECKEL MP. FIZ ANNE L. VIC­
TOR ]. DUPUIS]M. SAUM ET ] L. Effect of head-upright
tilt on the dynamics of cerebral autoregu lat ion. Cl in Physiol
1998;18:41-7.

Acta Clin Croat, Vol. 48, No.3, 2009

Assessment of breath holding index J uring orthostasis

33. LIPSITZ LA, M UKAI S. HAM NER ]. GAGNON M,
BABl KIAN V. D ynamic reg ulation of middl e cerebral ar­
tery blood flow velocity in aging and hypertension. Stro ke
2000;31:1897-903.

34. SCHONDORF R. STEIN R. ROBERT S R. BENOIT ].
C U PPL ES \V. D ynamic cerebral autoregulatio n is pr eserved

in neurally mediated syncope. J Appl Physiol 2001;91:2493­
502.

35. MITSIS GD, ZHANG R, LEV!NE BD, et at. Cerebral he­
modynami cs during ort ho static stress assessed by nonlinear

modeling.] Appl Phy>io12006;101:354-66.

36. CAREY B], MA NKT ELOW BN. PANE RAI RB, POT­
TER JF. C erebral autoregulatory responses to head-up til t in
normal subje cts and patients with recurrent vasovagal syn­

cope. Circulat ion 20 01;104:898-902 .

37. DAN D. HOAG ]B. ELL ENBOG EN KA. WOOD MA .
ECKBERG DL . GILLIGAN DM. Cerebral blood flow ve­
locity decli nes before arteria l pressure in patients with orthos­
tatic vasovagal presyncope. J Am Coll C ardioI 2002;39:1039­

45.

38. KERM AN lA, EMANUEL BA, YATES B). Vestibular
stimulation lead s to distinct hemodynamic pattering. Am J
Physiol Regul Integr Ccmp PhysioI 2000;279:118-25.

39. LARSEN FS, OLSEN KS, HANS EN BA, PAULSON OB,
KN UD SEN GM. Transcranial D oppler is valid for determi­
nation of th e lower limit of cerebral blood flow autoregula­
tion. Stroke 1994;25:1985-8.

40. DEMARIN V, RUNDEK T. Acetazolami de test combined
with t ranscranial D oppler (TCD): a simple noninvasive test
for th e assessment of cerebral vasoreact ivity in humans. Pe­
riod BioI 1992;94:193-200.

41. P ETTY GW, WI EBERS DO. M EISSNER I. Transcranial
D oppler ultrasonography: clinical applications in cerebrovas­
cular disease. Jvl ayo Cl in Proc 1990;65:1350-64.

42. SILVESTRI NI M. VERNIE RI F. PASQUALETTI P.
MATTEIS M. PASSAR ELLI F.TROISI E. et al. Impaired
cerebral vasoreactivit y and ri sk of stroke in pat ients with as­

ymptomatic carotid artery disease. JAMA 2000;2 83:2122 -7.

303



Petra Bago-Rozankovtc et al.

Saietak
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PROCJENA INDEKSA ZADRZAVANJA DAHA TIJEKOM ORTOSTAZE

P. Bago-Roiankovii, A. Loureniic-Huxjan, M. Strineka, S. Basiii V Demarin

Cilj ovoga istraiivanja bio [e ispitati postojanjc razlike cerebrovaskularne reaktivnosti u zdravih ispitanika tijekom
ortostaze. Metodom transkranijskog doplera pregledano [e 20 zdravih ispitanika (11 muskaraca i 9 zena) bez prisutnih
cimbenika rizika za razvoj aterosklerotske bolesti. Vrijednosti indeksa zadrzavanja daha (IZD) odredene su u Iezecem i
stojecem stavu na standardiziran nacm. Studentov t-test primijenjen [e za usporedbu srednjih brzina strujanja krvi i IZD
izmedu lezeceg i stojeceg stava te u odnosu strana. Srednja brzina strujanja krvi u srednjoj cerebralnoj arteriji u lezecem
stavu ispitanika bila [e 66,6 cm/s desno i 68,5 cm/s lijevo, au stojecem stavu 60,6 cm/s desno i 62,3 cm/s lijevo. Nije bilo
znacajne razlike u vrijednosti brzine strujanja krvi izmedu lezeceg i stojeceg stava ispitanika kao niti izmedu spolova. Pro­
sjecna vrijednost IZD u lezecem stavu bila je 1,59 desno, 1,65lijevo, au stojecem stavu 1,63 desno te 1,7lijevo, podjednaka
za oba spola. StatistiCkom obradom nije nadena razlika u vrijednosti IZD usporedujuci lezeci i stojeci stav (P=0,81 za
desnu stranu, P=0,68 za lijevu stranu), a niti usporedujuci dvije strane u lezecem (P=0,71) i stojecem stavu (P=0,8). Nisu
zabiljeiene znacajne razlike IZD u procjeni cerebrovaskularne reaktivnosti tijekom ortostatskog stresa.

Kljucne rijeci: Poloiaj tijela - jiziologiJa; Cerebrovaskularna reaktivnost; Cerebrovaskularni krvotok ~ jiziologija; Hemodi­
namski procesi- jiziologija
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