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Abstract 

 

When healthy subjects stand up, it is associated with a reduction in cerebral blood velocity and 

oxygenation although cerebral autoregulation would be considered to prevent a decrease in cerebral 

perfusion. Aging is associated with a higher incidence of falls, and in the elderly falls may occur 

particularly during the adaptation to postural change. This study evaluated the cerebrovascular 

adaptation to postural change in 15 healthy younger (YNG) vs. 15 older (OLD) subjects by recordings 

of the near-infrared spectroscopy-determined cerebral oxygenation (cO2Hb) and the transcranial 

Doppler-determined mean middle cerebral artery blood velocity (MCA Vmean). In OLD (59 (52-65) 

years) vs. YNG (29 (27-33) years), the initial postural decline in mean arterial pressure (-52±3% vs.  

-67±3%), cO2Hb (-3.4±2.5 µmol·l-1 vs. -5.3±1.7 µmol·l-1) and MCA Vmean (-16±4% vs. -29±3%) was 

smaller. The decline in MCA Vmean was related to the reduction in MAP. During prolonged orthostatic 

stress, the decline in MCA Vmean and cO2Hb in OLD remained smaller. We conclude that with healthy 

aging the postural reduction in cerebral perfusion becomes less prominent.  
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Introduction 

 

Aging is associated with a higher incidence of postural symptoms such as dizziness and syncope. 

Falls being more common in the elderly are believed to be multifactorial in origin, resulting from 

complex interactions between intrinsic and environmental factors.304,305 Community-based prospective 

cohort studies identified several risk factors for falls, including age,305 visual impairment,306 lower 

extremity weakness,307 orthostatic hypotension,308 impaired cognition,309 and psychotropic drug 

use.309-311  

 Aging is associated with a decline in resting cerebral metabolism and cerebral blood flow (CBF)166 

with a ~15% reduction in gray matter flow between the third and fifth decade.167 In addition, orthostatic 

stress lowers cerebral perfusion pressure even in healthy subjects with a reduction in CBF that takes 

place although the perfusion pressure remains within what is considered to be its autoregulatory 

range.69,75,85,86 Thus, despite functional cerebral autoregulation, standing upright is associated with a 

reduction in cerebral perfusion and oxygenation.69,86 In the elderly falls may occur particularly during 

the early adaptation to postural change,47 suggesting a less efficient cerebro- or cardiovascular 

adaptation to compensate for the further decline in brain perfusion pressure.312  

 The effects of aging on the cardiovascular adaptation to orthostatic stress have been reported by 

several studies.48-51 There is, however, no consensus regarding the effect of healthy aging on the 

postural cerebrovascular adaptation. A larger postural reduction in the near-infrared spectroscopy 

(NIRS)-determined cerebral cortical oxygenation (cO2Hb)48 and transcranial Doppler (TCD)-

determined middle cerebral artery (MCA) mean blood flow velocity (Vmean)
313 has been reported in 

healthy elderly compared to younger subjects. In contrast, there are also reports claiming a smaller 

postural reduction in MCA Vmean in older subjects,49 or no age-dependent differences in postural 

decline in either MCA Vmean
50 or cO2Hb.51 Assuming that dynamic cerebral autoregulatory capacity is 

maintained in the elderly,133,135 these conflicting observations may be attributable to different 

methodological approaches by reporting changes in cerebral perfusion either as changes in 

cO2Hb,48,51 or MCA Vmean,
49,50,133,135 leaving open the question of whether or not the larger postural 

decline in cerebral perfusion or oxygenation is an independent risk factor for falls in the elderly.  

 Therefore, we evaluated the initial and early steady-state cerebro- and cardiovascular postural 

adaptation in healthy young and older subjects with simultaneous continuous recordings of beat-to-

beat blood pressure (BP), MCA Vmean and cO2Hb. The use of psychotropic medication, frequently 

prescribed to elderly patients, has been regarded as a risk factor for falls.311 To account for this 

potential influence, only subjects without cardiovascular or psychotropic medication were studied. 

 

 

Methods 

 

Subjects 

Thirty healthy subjects aged between 26 and 73 years participated in the study. Fifteen subjects 

(median age 29, interquartile range 27-33 years) were assigned to the younger (YNG) group and 15 
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subjects (median age 59, interquartile range 52-65 years) to the older group (OLD). Exclusion criteria 

included a history of stroke or clinical manifestations of cerebro- or cardiovascular disease, orthostatic 

hypotension, cardiovascular autonomic dysfunction, diabetes mellitus and use of medication with 

known effects on the cardiovascular system. Oral and written informed consent was obtained and the 

study was approved by the Medical Ethical Committee of the Academic Medical Center in Amsterdam 

in accordance with the Declaration of Helsinki. None of the subjects were taking medication. The 

studies were performed in morning sessions in a room at 22ºC. Subjects were requested to abstain 

from caffeinated beverages for at least 12 hours prior to the measurements.  

 

Protocol and hemodynamic parameters 

Following instrumentation and after obtaining a 5 min baseline recording of cerebro- and 

cardiovascular variables, the subjects were asked to stand up and remain in the free standing position 

for 5 min without further support. Continuous arterial BP was measured non-invasively by a servo-

controlled finger photoplethysmograph (Portapres, FMS, Amsterdam, The Netherlands) with the cuff 

placed on the middle phalanx of the left middle finger. Stroke volume (SV) was determined non-

invasively by pulse wave analysis using the Modelflow method (BeatScope 1.1 software, FMS, 

Amsterdam, The Netherlands) that tracks a thermodilution112 and inert gas rebreathing determination 

of SV113 during active and passive postural stress. Heart rate (HR) was the inverse of the interbeat 

interval, cardiac output (CO) was the product of HR and SV, and systemic vascular resistance index 

(SVRi) was mean arterial pressure (MAP) divided by CO. 

Postural changes in cerebral perfusion were assessed by simultaneously monitoring of MCA 

Vmean and oxygenated hemoglobin concentration. The TCD (DWL Multidop X4, Sipplingen, Germany)-

determined blood flow velocity was measured in the proximal segment of the right MCA, by insonating 

through the posterior temporal ultrasound window. The probe was secured with a headband (Marc 

600, Spencer Technologies, Seattle, USA), once the optimal signal-to-noise ratio was obtained. 

Changes in regional cerebral tissue oxygenation at 775 and 850 nm were followed by NIRS (Oxymon, 

Artinis Medical Systems, Zetten, The Netherlands) as oxygenated and deoxygenated hemoglobin 

concentrations (cO2Hb and cHHb), recorded with the light source and sensing optode positioned on 

the forehead below the hairline.69,73 Changes in cerebral blood volume are reflected by changes in 

total hemoglobin concentration (ctHb) expressed as the sum of cO2Hb and cHHb. Postural changes in 

cO2Hb, cHHb and ctHb were expressed as changes (µmol/l) from baseline (supine). Changes in TCD-

determined cerebral blood flow velocity reflect flow in the basal cerebral arteries and precede changes 

in NIRS-determined frontal cortical brain tissue oxygenation.79 Therefore, the MCA Vmean to cO2Hb, 

cHHb and ctHb delay tau (τ), providing for the highest positive coefficient of correlation (R2), was 

selected. The relationship between postural changes in MCA Vmean and changes in cO2Hb, cHHb and 

ctHb was analyzed taking τ into account. Arterial CO2 tension influences CBF independently of 

cerebral autoregulation81 and to account for the cerebrovascular effects of CO2, end-tidal CO2 tension 

(PETCO2) was tracked by a sampling infrared capnograph (Tonocap, Datex-Ohmeda, Madison, USA).  
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Data analysis 

Postural change: The circulatory response to standing is characterized by a rapid initial decrease in 

BP to a nadir with a transient reduction in MCA Vmean, followed by BP recovery, overshoot and 

stabilization.314,315 The early steady-state response to postural change was assessed from data 

sampled at t = 5 min of standing compared to baseline. Beat-to-beat values for MCA Vmean and MAP 

were derived as the integral over one beat divided by the corresponding beat interval. MAP at brain 

level (MAPbrain) was calculated from MAP measured at heart level and the vertical finger-to-TCD probe 

distance.69 Cerebrovascular resistance index (CVRi) was the ratio of MAPbrain and MCA Vmean. Cardiac 

baroreflex sensitivity (BRS) was calculated from the 5 min baseline recording from the cross spectrum 

between systolic BP and interbeat interval variability, and was expressed as the transfer function gain 

(ms·mm Hg-1) in the low frequency (LF) region (0.07-0.15 Hz).316 

For dynamic cerebral autoregulation please the see Methods section (Chapter 2). 

 

Statistical analysis 

Data are presented as means (SD) or medians (interquartile range). Differences between the groups 

were identified by means of an unpaired Student t-test, when data fitted a normal distribution and a 

Mann-Whitney rank sum test was applied when data were not normally distributed. Differences across 

groups (OLD vs. YNG) and body position were identified by two-way ANOVA. Changes in SV, CO, 

SVRi and NIRS variables within a group expressed as ∆% and ∆µmol·l-1 were examined by a paired t-

test using the 95% confidence interval when data were normally distributed. Effects of age on postural 

changes in MCA Vmean, cO2Hb, cHHb and ctHb were examined by Spearman’s correlation and P<0.05 

was considered to indicate a statistically significant difference. 

 

 

Table 1 Demographics and baseline characteristics 

 

 

 

 

 

 

 

 

 

 

 

Groups: YNG, younger group; OLD, older group; MCA, middle cerebral artery; * P<0.05 vs. YNG,  
** P<0.01 vs. YNG. Data are presented as means (SD) or medians (interquartile range). 

 

 

                                       Groups 

Characteristic                  YNG                     OLD  

      n  15  15  

M:F ratio   9:6        10:5  

Age (years)  29  (27-33) 59  (52-65)** 

Length (cm)  182 (7) 173 (7)** 

Body mass index (kg/m
2
)  22.2  (2.8) 24.2 (4.3) 

Heart-to-MCA distance  32 (3) 33 (3) 

Blood pressure (mm Hg) 

    Systolic 

    Mean 

    Diastolic 

  

119 

77 

57 

 

(13) 

(11) 

(10) 

 

128 

88 

66 

 

(21) 

(14)* 

(11)* 

Heart rate (bpm)  65 (10) 62 (8) 
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Results 

 

Group characteristics and baseline data  

Group characteristics on screening are summarized in Table 1. In OLD vs. YNG, baseline CVRi 

(P<0.05) and MAP (P<0.05) were higher, whereas BRS (P<0.05) was reduced (Table 2). No 

differences in MCA Vmean, HR and PETCO2 were observed.  

 

 

 

 
Table 2 Cerebro- and cardiovascular hemodynamic variables 

  Group    Supine    Standing t = 5 min    ∆ supine-standing 

MAPbrain (mm Hg) 
YNG 77  (11) 57  (11)‡ -25% 

OLD 88  (14)* 72  (18)‡  -18%* 

         

MCA Vmean (cm·s
-1

) 
YNG 64  (12) 55  (11)‡ -15% 
OLD 59  (15) 55  (15)† -6%* 

         

CVRi (mm Hg·cm
-1

·s
-1

) 
YNG 1.18  (0.25) 1.04  (0.24) -12% 

OLD 1.48  (0.41)* 1.30  (0.46) -12% 

         

cO2Hb (µmol·l
-1

) 
YNG    -7.6  (3.8)‡ -7.6 µmol·l

-1
 

OLD    -4.4  (4.2)‡ -4.4 µmol·l
-1

* 

         

cHHb (µmol·l
-1

) 
YNG    +5.5  (3.1)‡ +5.5 µmol·l

-1
 

OLD    +2.7  (1.3)‡   +2.7 µmol·l
-1

** 

         

ctHb (µmol·l
-1

) 
YNG    -2.1  (2.5)‡ -2.1 µmol·l

-1
 

OLD    -1.7  (3.5) -1.7 µmol·l
-1

 

         

HR (beats·min
-1

) 
YNG 65  (10) 85  (11)‡ +20 bpm 

OLD 62  (8) 78  (8)‡ +16 bpm 

         

SV (%) 
YNG 100   66  (8)‡ -34% 

OLD 100   67  (10)‡ -33% 

         

CO (%) 
YNG 100   85  (8)‡ -15% 

OLD 100   85  (13)‡ -15% 

         

SVRi (%) 
YNG 100   127  (19)‡ +27% 

OLD 100   131  (21)‡ +31% 

         

BRS (ms·mm Hg
-1

) 
YNG 14.1  (6.5) 7.6  (3.3)‡ -46% 

OLD 8.5  (3.5)* 5.8  (3.1)† -32% 

         

PETCO2 (mm Hg) 
YNG 40  (4) 35  (3)‡ -12% 

OLD 40  (4) 36  (5)‡ -11% 

YNG, younger group; OLD, older group; MAPbrain, mean arterial pressure at brain level; MCA Vmean, middle 
cerebral artery mean cerebral blood flow velocity; CVRi; cerebrovascular resistance index; cO2Hb, cortical 
oxygenated hemoglobin; cHHb, deoxygenated hemoglobin; ctHb, total hemoglobin; HR, heart rate; SV, 
stroke volume; CO, cardiac output; SVRi, systemic vascular resistance index; BRS, baroreflex sensitivity; 
PETCO2, end-tital CO2 tension; † P<0.05 vs. supine, ‡ P<0.01 vs. supine, * P<0.05 vs. YNG, ** P<0.01 vs. 
YNG. Values are mean (SD) for 15 subjects per group. 
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Initial orthostatic response 

The timing of MAP nadir was comparable for OLD vs. YNG (9.1±2.3 s vs. 9.1±2.4 s). From baseline 

until MAP nadir, the initial postural decline in MAPbrain (-52±3% vs. -67±3%; P=0.015), MCA Vmean 

(-16±4% vs. -29±3%; P<0.05) and cO2Hb (-3.4±2.5 µmol·l-1 vs. -5.3±1.7 µmol·l-1; P=0.017) was 

smaller in OLD vs. YNG (Figures 1 and 2). The decline in MCA Vmean was related to the reduction in 

MAPbrain (R
2=0.46, P<0.001, Figure 3). At the nadir of the initial MAP drop, cO2Hb, ctHb and MCA 

Vmean also declined concomitantly, whereas cO2Hb followed MCA Vmean with a comparable delay in 

both groups (τ = 2.7±1.3 s in OLD vs. τ = 2.6±1.7 s in YNG). The magnitude of the individual postural 

changes in MCA Vmean did not relate to those in cO2Hb (Figure 4). Postural changes in Vmean and 

cO2Hb related weakly to age (Figure 5). 

 

Early steady-state response 

The steady-state postural changes in cerebro- and cardiovascular hemodynamics are presented in 

Table 2 and Figure 1. The decline in PETCO2 was comparable for OLD vs. YNG. In OLD, the postural 

decline in MAPbrain, MCA Vmean and cO2Hb after 5 min upright was smaller in parallel with a smaller 

increase in cHHb. The postural increase in SVRi and HR, and the reduction in SV and CO were 

comparable between groups. BRS remained lower in OLD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3 Transfer function gain, phase and coherence function 

 Group           Supine         Standing 

MAPpower (mm Hg
2
·Hz

-1
) 

YNG 4.2  (1.9-7.0) 12.2  (7.7)‡ 

OLD 3.7  (1.8-5.5) 11.1  (7.6)‡ 

        

MCA Vmean power ((cm·s
-1

)
2
·Hz

-1
) 

YNG 2.7  (1.3-11.0) 11.0  (6.0-14.0)‡ 

OLD 1.2  (0.7-2.7)* 4.0  (2.9-6.2)*‡ 

        

Coherence (k
2
) 

YNG 0.84  (0.08) 0.91  (0.04)‡ 

OLD 0.78  (0.07) 0.88  (0.04)‡ 

        

Phase (degrees) 
YNG 57  (13) 52  (8) 

OLD 52  (10) 48  (11) 

        

Gain (cm·s
-1

·mm Hg
-1

) 
YNG 0.95  (0.30) 0.83  (0.74-1.02) 

OLD 0.60  (0.51-0.73)* 0.56  (0.50-0.81)** 

        

Normalized gain (%·%
-1

) 
YNG 0.83  (0.39) 0.55  (0.46-0.63) 

OLD 0.38  (0.25-0.59)* 0.28  (0.20-0.54)*† 

YNG, younger group; OLD, older group; MAPpower, mean arterial blood pressure low frequency power; 
MCA Vmean power, middle cerebral artery mean blood flow velocity power. † P<0.05 vs. supine, ‡ P<0.01 
vs. supine, * P<0.05 vs. YNG, ** P<0.01 vs. YNG. Values are mean (SD) or median (interquartile range) 
for 13 subjects per group. 
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Figure 1 Left panel: Postural cerebrovascular response in younger (YNG, 

n=15, thin line) vs. older group (OLD, n=15, thick line). Mean arterial pressure 

at brain level (MAPbrain), mean middle cerebral artery blood flow velocity 

(Vmean), changes in oxygenated (∆cO2Hb), deoxygenated (∆cHHb) and total 

hemoglobin (∆ctHb) concentration. Right panel: Initial postural responses of 

MAPbrain (black line), Vmean (dark gray line) and cO2Hb (lightgray line) in OLD 

(upper panel) vs. YNG (lower panel). 
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Figure 2 Relationship between postural 

decline in group averaged MAPbrain and 

Vmean in younger (open circle) vs. older 

group (closed circle) from baseline to MAP 

nadir at 9 s. * P<0.05 

Figure 3 Relationship between postural decline (from baseline to nadir) in MAP vs. mean blood flow 

velocity (Vmean, left panel) and oxygenated Hb (∆cO2Hb, right panel) concentrations in younger (open 

circles, n=15) and older subjects (closed circles, n=15). Line represents linear regression. P-value and 

correlation coefficient value (R
2
) are given. The dotted line of identity represents absence of cerebral 

autoregulatory control. The regression line conforms to that upon standing arterial blood pressure 

declines too rapidly for cerebral autoregulatory control to be fully effective. 
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Figure 4 Individual variation in postural decline in 

mean blood flow velocity (Vmean) vs. oxygenated 

Hb concentration (cO2Hb) at MAP nadir in 

younger (open circles, n=15) and older subjects 

(closed circles, n=15). 

Figure 5 Relationship between 

age vs. postural changes in 

mean blood flow velocity (Vmean, 

left panel) and oxygenated Hb 

(∆cO2Hb, right panel) 

concentrations at MAP nadir in 

all subjects (n=30). Lines 

represent linear regression. P-

value and correlation coefficient 

values (R
2
) are given. 
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Dynamic cerebral autoregulation  

In 2 subjects from each group coherence was <0.5 and these data were excluded from further 

analysis. Data of spectral and transfer function analysis are presented in Table 3. For OLD vs. YNG, 

baseline and postural increase (P<0.01) in LF MAP power were comparable, with a lower MCA Vmean 

power in the OLD (P<0.001). The transfer function phase lead between MCA Vmean and MAP was 

comparable for OLD vs. YNG, whereas postural stress did not influence phase lead in both groups. 

Both absolute and normalized gain were lower in OLD vs. YNG (P<0.05). Supine normalized gain 

values correlated with CVRi (Figure 6). 

 

 

 

 

 

Discussion 

 

The results of this study provide new insights regarding the effects of aging on the early cerebro- and 

cardiovascular adaptation to orthostatic stress. The main finding of the study was that in healthy older 

subjects the postural reduction in both cerebral blood flow velocity and oxygenation was smaller 

during the initial and early steady-state postural adaptation. This implies that the higher incidence of 

postural dizziness and falls in healthy elderly cannot be attributed to malfunctioning cerebro- and 

cardiovascular control. Almost half of the variance in the initial postural reduction in cerebral blood 

flow velocity was explained by the decline in blood pressure.  

Resting CBF declines with aging,166 accompanied by a larger incidence of cerebral symptoms 

like dizziness and falls, occurring particularly during the early adaptation to postural change.47 

Mehagnoul-Schipper et al.48 demonstrated a larger postural reduction in frontal cerebral oxygenation 

in older vs. younger subjects, which was linked to the higher vulnerability to cerebral ischemic 

symptoms in older subjects. In contrast, Lipsitz et al.49 found a smaller postural decrease in MCA 

Vmean. Cerebral blood flow velocity and oxygenation were simultaneously measured disclosing a 

Figure 6 Cerebrovascular 

resistance index (CVRi) and 

normalized low frequency 

transfer function gain for 

younger (open circles, n=13) 

and older (closed circles, n=13) 

subjects in supine position. P-

value and correlation coefficient 

values (R
2
) are given. 
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smaller reduction in both MCA Vmean and frontal cO2Hb in OLD. The concordant postural decline in 

MCA Vmean and cO2Hb was present for both groups although their interrelationship varied among 

subjects, confirming that these methodologies interrogate different aspects of brain perfusion. 

Together the Vmean and cO2Hb responses support the notion that with aging, the postural reduction in 

cerebral perfusion becomes less expressed. Also changes in cO2Hb detected by NIRS followed 

changes in MCA Vmean with a delay of approximately 3 s. In the aggregate, these observations may 

explain at least in part the discrepancy in postural responses in MCA Vmean vs. cO2Hb in the elderly.48-

51,133,135  

We considered the different methodological approaches used in these studies including the type 

of postural challenge, i.e. change from supine to standing,48 from sitting to standing,49,50 and from 

supine to sitting,51 further emphasizing that in future studies standardization of postural stress is 

indicated with simultaneous and continuous measurement of arterial pressure, cerebral blood flow 

velocity and cortical oxygenation.  

Many elderly have underlying vascular disease that compromises resting cerebral perfusion and 

it is conceivable that in those cases symptomatic cerebral ischemia, manifested by falls and syncope, 

is aggravated by the initial postural decline in BP initiating symptomatic transient cerebral 

hypoperfusion.47 Nevertheless, the results of the present study do not support that the higher 

incidence of falls in the elderly is attributable to impaired cerebro- and cardiovascular control. The 

smaller postural decline in both BP and indices of cerebral perfusion in OLD conforms to the finding 

that leg venous compliance is less in older vs. younger subjects with maintenance of venous return 

during simulated orthostatic stress.317  

We investigated the effect of healthy aging on the postural cerebrovascular adaptation. The data 

represent the findings of middle-aged subjects and do therefore not allow us to extend the conclusion 

directly to the very old. Although in comparison with previous studies in older subjects,48-50 the age 

difference between the younger and older group was limited, significant differences in both cerebro- 

and cardiovascular postural adaptation were found. 

We used TCD and NIRS to evaluate the postural changes in cerebral perfusion and 

oxygenation. Both cO2Hb73 and MCA Vmean are proposed to reflect changes in cerebral perfusion, 

whereas the methods are based on different principles. NIRS considers changes in cerebral cortical 

tissue oxygenation and blood volume in the frontal cortex, while TCD follows blood flow. TCD has a 

favorable temporal resolution compared with the more traditional techniques for assessing CBF.75 

MCA Vmean was chosen for evaluation of changes in CBF assuming that changes in MCA Vmean are 

representative of those in CBF. We consider that MCA Vmean and cO2Hb do not allow for absolute 

quantification of baseline flow and we do not know whether baseline blood flow was reduced in OLD. 

Doppler ultrasonography measures blood velocity rather than blood flow and changes in the diameter 

of the insonated vessel by enhanced sympathetic activity could modify velocity independently of flow. 

However, the large cerebral arteries, such as the MCA, are conductance rather than resistance 

vessels and MCA diameter changes could not be detected during moderate sympathetic activation.63 

Thus, the constancy of MCA diameter links changes in cerebral blood velocity to changes in flow. 

With comparable time resolution, rapid changes in the local cerebral oxygenation are reflected by dual 
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wave length NIRS.69,70,85 NIRS-determined cO2Hb integrates the arterial O2 content and the regional 

CBF, and as established for skeletal muscle, NIRS obtains information on tissue oxygenation and 

metabolism beyond that obtained by venous blood sampling.85 We combined TCD and NIRS in an 

approach to overcome the uncertainty of each of the methods as they are based on different physical 

principles, assuming that concordant changes indicate a change in regional CBF.69,76-79  

Several potential mechanisms involved in the postural decrease in MCA Vmean are to be 

considered. The influence of the arterial CO2 tension (PaCO2) on CBF is of importance. The reduction 

in cerebral perfusion has been alleged to be associated with the postural decrease in PaCO2 but the 

reduction in PaCO2 accounts for only approximately half of the orthostatic influence on MCA Vmean.
103, 

318 Although the postural change in PETCO2 was limited and of comparable magnitude for both groups, 

CO2 sensitivity has been demonstrated to become reduced with aging.50,319 Therefore we cannot 

exclude PaCO2 as potentially contributing to the smaller postural decline in MCA Vmean and cO2Hb in 

OLD. Cerebral perfusion depends on arterial inflow pressure but also cardiac output is of 

importance.179 When assuming the standing position, the decrease in BP at the level of the brain is 

well within the autoregulatory range, but the reduction in cardiac output is substantial (~20%).78 In 

support, both MCA Vmean and cO2Hb increase when the standing position is supplemented by a leg 

muscle tensing maneuver that attenuates sympathetic activity320 by enhancing cardiac output,78 while 

BP remains unchanged.  

Dynamic cerebral autoregulation is characterized by high-pass filter properties, where BP 

oscillations are effectively dampened in the low but not in the high frequency range, indicating that 

rapid changes in BP are directly transferred to the cerebral circulation. The present study conforms to 

earlier observations that although increasing age is associated with lower resting CBF, dynamic 

cerebral autoregulatory capacity in itself remains unaffected by physiological aging.49,133,135,321 In the 

older subjects, resting blood pressures and CVRi were higher, whereas the LF power of the MCA 

Vmean in supine and upright position was respectively 55% and 63% less than in the YNG subjects, yet 

the LF power of MAP was not different between groups. A lower transfer function gain as found in 

OLD49 is assumed to indicate better dampening of BP oscillations.90 The linear relationship between 

normalized transfer function gain and cerebrovascular resistance conforms to the suggestion that a 

larger CVRi may reflect a relatively more vasoconstricted state of the cerebrovascular bed allowing 

more efficient dampening, resulting in a lower CBF variability, whereas in the more dilated state the 

pressure transmission is attenuated.142 This is consistent with studies demonstrating a more efficient 

dynamic cerebral autoregulation during hypocapnia, a condition associated with cerebral 

vasoconstriction.81,322  

A larger postural decline in MAP (and indices of cerebral perfusion) could be attributed to 

impaired baroreflex function.323 However, the finding of a smaller postural BP reduction in the older 

subjects is in contrast to the reduced BRS found in this group. We therefore consider it unlikely that 

differences in BRS explain the age-related differences in initial postural circulatory adaptation.  

Polypharmacy in the elderly is associated with an increased risk of falling. Particularly, the use 

of psychotropic medication is regarded as a risk factor for falls, with a higher incidence if combinations 

of medications are used.311 The findings of the study indicate that in healthy elderly subjects 
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orthostatic stress in itself does not explain their increased risk of falls. The design of the study 

accounted for the potential influence of medication by including healthy elderly subjects without 

medication with potentially confounding effects. Therefore the data of this study do not permit to 

decide whether elderly patients with psychotropic medication have an altered hemodynamic 

adaptation to orthostatic stress. 

In older vs. younger subjects the postural decrease in cerebral blood flow velocity and frontal 

cerebral oxygenation is smaller. The reduction in cerebral blood flow velocity appears to be related 

directly to the initial decline in blood pressure, independently of functional cerebral autoregulation. The 

findings of the present study do not support the notion that a higher incidence of postural dizziness 

and falls with healthy aging is attributable to malfunctioning cerebro- and cardiovascular control. 


