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Chapter 4.3

Cerebrovascular effects of leg crossing in humans with 
sympathetic failure

M.P.M. Harms, W. Wieling, W.N.J.M. Colier, J.W.M. Lenders, N.H. Secher, J.J. van Lieshout

Submitted

Introduction

Assumption of the upright position challenges the cardiovascular system by the gravitational 

displacement of blood to the lower part of the body with a decline in venous return and 

cardiac output. In the upright body position, the brain is positioned some 30 cm above 

heart level and the cerebral perfusion pressure is reduced accordingly (224). The normal 

adjustment to a postural fall in central blood volume is an increase in systemic vascular 

resistance through autonomic refl ex activity. Subjects with sympathetic dysfunction lack the 

ability to increase vasomotor tone in the upright body position resulting in a fall of arterial 

blood pressure upon standing (14, 256). Patients with sympathetic dysfunction (267, 291, 

309) and subjects with recurrent vasovagal syncope (132, 135) may combat symptomatic 

orthostatic hypotension by tensing leg muscles as a result of leg crossing. The benefi cial 

effects of leg crossing on orthostatic tolerance have been attributed to a mechanical 

augmentation of venous return to the heart by translocation of blood from the legs to the 

chest resulting in an increase in arterial pressure (269, 291). The cerebrovascular effects of 

leg crossing in normal subjects have been reported (287), but the effects in patients with 

sympathetic failure have not been evaluated. The purpose of the present study is to compare 

the acute cerebrovascular effects of leg crossing in patients with sympathetic failure and 

symptomatic orthostatic hypotension with those in age and sex matched controls.

Methods

Subjects

Eight patients (age range 37-67 years, 3 females) with severe orthostatic hypotension (271) 

related to sympathetic failure, classifi ed as pure autonomic failure (PAF; n=7) and multiple 

system atrophy (MSA; n=1) participated in the study (Table 1). Oral and written informed 

consent was obtained and the study was approved by Ethics Committee of the Academic 

Medical Center. No patient had symptoms or signs of heart disease. Eight age and sex 

matched healthy subjects with intact autonomic circulatory control and normal orthostatic 

tolerance served as controls.
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Table 1. 

Patient characteristics

Patients Gender Disease Treatment BPsup

(mmHg)

BPstd

(mmHg)

age

(yr)

weight

(kg)

height

(cm)

S1 m PAF none 156/68 97/51 65 78 172

S2 m PAF HUT 175/101 76/47 51 83 176

S3 f PAF none 175/99 85/48 40 65 176

S4 f PAF NaCl/Flu 112/71 73/49 37 56 164

S5 m PAF Flu 159/81 60/42 65 80 175

S6 f PAF NaCl/Flu 163/98 75/55 61 65 160

S7 m MSA Flu/HUT 135/84 76/45 54 96 196

S8 m PAF NaCl/Flu/HUT 192/102 68/47 67 98 189

Pure autonomic failure (PAF), multiple system atrophy (MSA), blood pressure supine (BPsup), blood pressure standing (BPstd), sleeping 12º head-up-tilt 

(HUT), dietary salt supplementation (NaCl), and Fludrocortisone (Flu) 

Protocol

Systemic hemodynamic and cerebrovascular measurements were obtained at least 2 hours 

after a light breakfast without caffeine containing beverages. The subjects reported to the 

laboratory at 8:00 AM after an overnight fast and were studied in a room at 22� C. Subjects 

were placed in the supine position and instrumented. A test run was performed to familiarize 

the subjects to the protocol. After 10 min of supine rest, the subjects were asked to stand up. 

After 2 min in the standing position, they crossed the legs while maintaining that position. 

This was repeated twice, interspaced by one min of rest. The leg crossing manoeuvre was 

carried out by crossing one leg in direct contact with the other while actively standing on both 

legs (Figure 1). Standing was terminated if the subject developed symptoms of orthostatic 

intolerance as blurred vision, light-headedness or non-responsiveness.

Measurements

Arterial pressure was measured with a Finapres™ model 5 (Netherlands Organization for 

Applied Scientifi c Research, Biomedical Instrumentation, TNO-BMI, Amsterdam) from the 

middle fi nger of the non-dominant arm fi xed in the anterior axillary line at heart level. Finger 

arterial pressure is a reliable method for the assessment of beat-to-beat changes in arterial 

pressure even under circumstances of hypotension (105). Cerebral oxygenation was monitored 

using near-infrared spectroscopy (NIRS) as based on the transparency of tissue to light in 

the near-infrared region, and the O
2
 status dependent changes in absorption in cerebral tissue 

caused by chromophores, i.e. mainly oxy- and deoxyhemoglobin (O
2
Hb and HHb) (4, 47, 161, 

170). To estimate the concentration changes in O
2
Hb and HHb a differential path length factor 

of 6.0 was applied to account for the scattering of light in the tissue (284). A continuous wave
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Figure 1.
Leg crossing in standing position in a 51-year old male patient with pure autonomic failure. Written informed consent of the patient was obtained. Solid 

box, leg crossing and open boxes, standing uncrossed. Note the instantaneous increase in arterial blood pressure (BP), cerebral blood velocity (CBV), 

cerebral oxygenation (O
2
Hb), end-tidal CO

2
 (P

ET
CO

2
) together with a reduction in thoracic electrical impedance (TI) indicating an acute increase in thoracic 

blood volume.

NIRS instrument (Oxymon, Artinis Medical Systems, Zetten, The Netherlands) with three 

wavelengths (at 901, 848 and 770 nm) and 10 Hz sampling time was used. The NIRS optodes 

were attached high on the forehead to avoid the temporalis muscle and suffi ciently lateral to 

avoid the superior sagittal sinus with the transmitting and receiving optodes placed 5.5 cm 

apart (4). Changes in O
2
Hb and HHb concentration (μmol.l-1) were reported with steady state 

standing values as reference set at 0 μmol.l-1. The NIRS determined oxygenation changes in 

parallel with cerebral blood fl ow as determined by 133Xe clearance (37) and estimated cerebral 

O
2 
saturation in humans during carotid clamping and declamping compares satisfactory with 

jugular bulb venous O
2 
saturation (316). Frontal lobe oxygenation by NIRS correlates well 

with brain capillary oxygenation saturation as calculated from the O
2 
content of brachial 

arterial and right internal jugular venous blood (218).

The transcranial Doppler derived blood velocity (V) in the right middle cerebral artery 

(MCA) was measured in the proximal segment of the right middle cerebral artery (MCA) 

and insonated (DWL Multidop X4, Sipplingen, Germany) through the posterior temporal 

“window”. Once the optimal signal-to-noise ratio was obtained, the probe was secured with 

a head band. Both at rest and during exercise, determination of fl ow velocity in the MCA has 
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a coeffi cient of variation of ~5% (215). The mean V (V
mean

) was obtained from the maximal 

TCD frequency shifts over one beat divided by the corresponding beat interval. The MCA 

V
mean

 is used for evaluation of cerebral perfusion in patients with sympathetic failure assuming 

that changes in MCA V
mean

 are representative of changes in cerebral blood fl ow (25, 184, 

250). The diameter of the large cerebral vessels did not change with large changes in arterial 

pressure during craniotomy and during orthostatic stress the MCA diameter did not alter as 

determined with MRI (67, 250). This supports that under the conditions of this study, the 

changes in MCA V
mean

 represent changes in cerebral blood fl ow. End-tidal CO
2
 (P

ET
CO

2
) was 

measured by an infrared CO
2
 analyzer (Hewlett Packard 78345A, Roeblingen, Germany) as 

a refl ection of partial arterial CO
2
 pressure (106, 319). Thoracic electrical impedance (TI) 

(121) was measured as an index of the central blood volume by an impedance cardiograph 

(Kardio-Dynagraph, Diefenbach GmbH, Frankfurt/Main, Germany). Stroke volume (SV) was 

calculated from the blood pressure waveform using the Modelfl ow method incorporating age, 

sex, height, and weight (BeatScope 1.0 software, FMS, Amsterdam, The Netherlands) (90, 

119). This technique tracks fast changes in SV during posture changes, and dynamic and static 

exercise (leg tensing) (102, 188, 265, 285).

Data Acquisition and Analysis.

The signals of arterial pressure, the spectral envelope of the middle cerebral artery velocity, 

TI, P
ET

CO
2
 and a marker signal were A/D converted at 100 Hz. NIRS data were sampled at 

10 Hz. Signals were routed through an interface providing electrical isolation with offset and 

sensitivity adjustments when appropriate. Variables were also recorded on a thermo-writer 

(Graphtec WR7700 ™, Western Graphtec Inc., Irvine, CA) for on-line inspection. The V
mean

 

was computed as the integral of the maximal frequency shifts over one beat divided by the 

corresponding beat interval. Mean arterial pressure (MAP) was the integral of pressure over 

one beat divided by the beat interval. MAP at the MCA level (MAP
mca

) was calculated from 

MAP measured at heart level and the vertical fi nger-to-TCD probe distance (19). HR was the 

inverse of the inter-beat pressure interval in beats per minute (bpm). Cardiac output (CO) was 

the product of SV and HR, and total peripheral resistance (TPR) was the ratio of MAP and 

CO. 

Beat-to-beat data were transformed to equidistantly re-sampled data at 2 Hz by polynomial 

interpolation for comparison (15). Blood pressure, HR, V
mean

, P
ET

CO
2
 and TI were expressed 

in absolute values. Resting supine values for SV, CO and TPR were set at 100% (control) and 

changes were expressed in percentages. Leg crossing values were calculated from the average 

of the three runs performed. Within each subject, the average of the 30 s quiet standing before 

leg crossing was used as baseline values and compared with the average of the last 

10 s of leg crossing. Variables are expressed as median and range. The effect of leg crossing 

on cerebral and systemic circulatory variables were evaluated by the Wilcoxon signed rank 
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test. Differences between patients and controls were analyzed by the Mann-Whitney rank sum 

test. Correlation between variables were evaluated by a nonlinear regression analysis. 

A P value <0.05 was considered to indicate a statistically signifi cant difference. 

Results

In one patient (S2) the quality of the Doppler velocity spectrum in the upright posture was 

insuffi cient. In standing position one patient (S5) developed serious orthostatic complaints 

and could not complete three runs of leg crossing. Therefore these data were excluded from 

analysis. Six patients and their six matched controls were studied. Of the six patients studied, 

two patients (S7 and S8) had orthostatic complaints during standing which disappeared with 

leg crossing.

Table 2. 

Postural cardiovascular and cerebral blood velocity responses 

Supine Standing

MAPmca (mmHg)

Controls 84 (65-94) 62 (56-73)*

Patients 106 (85-134)† 36 (19-58)*†

MCA Vmean (cm.s-1)

Controls 58 (47-83) 56 (46-77)

Patients 77 (64-123)† 55 (38-77)*

PETCO2 (mmHg)

Controls 38 (30-40) 35 (31-38)

Patients 37 (26-46) 36 (28-39)

HR (beats.min-1)

Controls 58 (46-68) 74 (72-86)*

Patients 66 (49-78) 75 (64-97)*

SV (%)

Controls 100 68 (54-85)*

Patients 100 54 (45-59)*†

CO (%)

Controls 100 93 (75-109)

Patients 100 66 (58-79)*†

TPR (%)

Controls 100 113 (93-126)

Patients 100 84 (58-115)†

TI (Ohm)

Controls 57 (47-80) 60 (54-80)

Patients 56 (47-66) 60 (55-64)

Mean arterial blood pressure at MCA level (MAP
mca

), mean blood velocity (MCA V
mean

), end-tidal CO
2
 (P

ET
CO

2
), heart rate (HR), stroke volume (SV), cardiac 

output (CO), total peripheral resistance (TPR) and thoracic electrical impedance (TI). Data are given as median and range. * P<0.05 in comparison to 

supine, † P<0.05 patients vs. controls.
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Posture

In the supine position MAP
mca

 and MCA V
mean

 were higher in the patients (Table 2). Standing 

induced a larger fall in MAP
mca

 in patients (67 (27-101) mmHg vs. 17 (9-27) mmHg; P<0.05) 

which resulted in lower upright values for MAP
mca

. This fall in MAP
mca

 was accompanied by a 

larger fall in SV (46 (41-55) % vs. 32 (15-46) % (P<0.05)) and CO (34 (21-42) % vs. 

7 (-9-25) %; P<0.05) without a refl ex increase in TPR as observed in the controls. Resting HR 

did not differ between the two groups. Upon standing, HR increased to a comparable level. 

Upon standing MCA V
mean

 decreased signifi cantly in the patients (from 77 (64-123) cm.s-1 

to 55 (38-77) cm.s-1) resulting in comparable MCA V
mean

 values for patients and controls in 

upright posture. From supine to standing prior to leg crossing, the fall in O
2
Hb was larger in 

the patients (-13.1 (-16.9--4.0) �mol.l-1 vs. -4.9 (-14.6--2.8) �mol.l-1; P<0.05). HHb increased 

in both groups with the larger increase in the patients (7.5 (3.7-10.9) �mol.l-1 vs. 2.2 (1.7-

9.1) �mol.l-1; P<0.05). P
ET

CO
2
 was comparable for patients and control subjects in both body 

positions. Resting TI and its orthostatic changes were similar in the two groups of subjects 

with a tendency for higher values (decrease in central blood volume) upon standing in both 

groups.

Cardiovascular effects of leg crossing 

Figures 2 and 3 show a representative example of the excellent reproducibility of the leg 

crossing manoeuvre. This reproducibility was present in all patients. Leg crossing was 

accompanied by a marked instantaneous drop in TI (increase in central blood volume). This 

transient decrease was observed in 13 out of 18 recordings in both the six patients and six 

healthy subjects. A typical initial transient hemodynamic change was observed both in the 

healthy subjects and the patients. CO and MAP
mca

 increased whereas the TPR decreased, and 

this pattern was observed in 15 out of 18 recordings in the patients and 14 out of 18 in the 

healthy subjects. After the initial drop, TI increased. On average, no signifi cant change in TI 

values during 1 min leg crossing was observed, although a trend towards a decrease in TI was 

present (Figures 2-4). In controls, leg crossing was accompanied by an increase in SV (16%) 

and CO (10%) and lower values for HR and TPR resulting in no signifi cant change in MAP
mca

 

(Table3). Pulse pressure increased from 48 (38-55) mmHg to 55( 50-58) mmHg (P<0.05) 

during leg crossing. In the patients, in contrast to the controls, standing leg crossing induced 

a signifi cant increase in MAP
mca

 (Figure 4) and also an increase in pulse pressure (from 33 

(23-48) mmHg to 40(28-55) mmHg (P<0.05)). The underlying hemodynamic change was an 

increase in SV (8%), CO (6%) and TPR (11%) while HR did not change.
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Figure 2.

Three leg crossing manoeuvres in the standing body position were performed each for one minute and were interspaced with periods of one minute of 

quite standing. Original tracings in a 65–year old male patient with pure autonomic failure. Solid box, leg crossing and open boxes, standing uncrossed. 

The effects on arterial blood pressure (BP), cerebral blood velocity (V
mean

), oxyhemoglobin (O
2
Hb), thoracic electrical impedance (TI) and end-tidal CO

2
 

(P
ET
CO

2
) are shown. Note marked initial changes.
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Figure 3.

Reproducibility of systemic hemodynamic and cerebral responses to leg crossing in a 65–year old male patient with pure autonomic failure. The physical 

counter-manoeuvre was performed three times in the standing position. Values in each body position were calculated from the average of the three runs. 

Solid box, leg crossing and open boxes, standing uncrossed. Effects on mean arterial blood pressure at MCA level (MAP
mca

), mean blood velocity (V
mean

), 

oxyhemoglobin (O
2
Hb), thoracic electrical impedance (TI), heart rate (HR), stroke volume (SV), cardiac output (CO), total peripheral resistance (TPR) and 

end-tidal CO
2
 (P

ET
CO

2
) are shown.
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Figure 4.

Cardiovascular and cerebral perfusion and oxygenation responses to leg crossing in the standing position in patients vs. controls. Averages are shown. Solid 

box, leg crossing and open boxes, standing uncrossed. Bold lines, patients and thin lines, controls. Effects on mean arterial blood pressure at MCA level 

(MAP
mca

), mean blood velocity (V
mean

), oxyhemoglobin (O
2
Hb), thoracic electrical impedance (TI), heart rate (HR), stroke volume (SV), cardiac output (CO), 

total peripheral resistance (TPR) and end-tidal CO
2
 (P

ET
CO

2
) are shown.

Cerebrovascular effects of leg crossing

In both groups leg crossing induced a similar increase in MCA V
mean

 with a concomitant 

rise in O
2
Hb for the patients and a trend for lower values for HHb. P

ET
CO

2 
was comparable 

for patients and controls and did not change during leg crossing. Within one minute after 

uncrossing the legs all values returned to baseline. The relationship between MCA V
mean

 

and MAP
mca

 and CO during standing before and after leg crossing and during leg crossing 

is shown in Figure 5. In the patients the regression coeffi cient for MAP
mca 

and MCA V
mean

 

was 0.61, for CO and MCA V
mean

 was 0.52 (P<0.05). In the control subjects these values for 

MAP
mca 

and MCA V
mean

 were 0.34 (NS), for CO and MCA V
mean

 0.71 (P<0.05).
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Table 3..

Cardiovascular and cerebral responses to leg crossing in standing position

Standing Leg cross Standing

MAPmca (mmHg)

Controls 62 (56-73) 71 (59-72) 64 (55-72)

Patients 36 (19-58)† 50 (28-73)* 39 (17-62)†

MCA Vmean (cm.s-1)

Controls 56 (46-77) 64 (46-80)* 57 (47-72)

Patients 55 (38-77) 63 (45-80)* 57 (38-78)

�O2Hb (�mol.l-1)

Controls 0 0.83 (-0.11-2.04) 0.69 (-0.11-0.93)

Patients 0 1.12 (0.52-3.27)* 0.46 (-0.12-0.89)

�HHb (�mol.l-1)

Controls 0 -0.33 (-0.92- 0.01) -0.05 (-0.80- 0.45)

Patients 0 -0.53 (-2.33- 0.16) 0.07 (-0.23- 0.66)

PETCO2 (mmHg)

Controls 35 (31-38) 35 (34-42) 35 (33-40)

Patients 36 (28-39) 36 (29-40) 35 (29-39)

HR (beats.min-1)

Controls 74 (72-86) 71 (58-79)† 73 (65-83)

Patients 75 (64-97) 75 (59-92) 74 (63-95)

SV (%)

Controls 68 (54-85) 84 (73-102)* 69 (61-92)

Patients 54 (45-59)† 62 (56-69)*† 53 (43-61)†

CO (%)

Controls 93 (75-109) 103 (91-119)* 88 (82-114)

Patients 66 (58-79)† 72 (66-95)*† 67 (51-83)†

TPR (%)

Controls 113 (93-126) 105 (82-117) 112 (81-124)

Patients 84 (58-115)† 95 (68-118)* 89 (65-113)

TI (Ohm)

Controls 60 (54-80) 60 (54-78) 61 (54-80)

Patients 60 (55-64) 60 (55-64) 60 (55-64)

Mean arterial blood pressure at MCA level (MAP
mca

), mean blood velocity (MCA V
mean

), oxy- and deoxyhemoglobin (O
2
Hb and HHb) end-tidal CO

2
 (P

ET
CO

2
), 

heart rate (HR), stroke volume (SV), cardiac output (CO), total peripheral resistance (TPR) and thoracic electrical impedance (TI). Data are given as 

median and range. * P<0.05 in comparison to standing before leg cross, † P<0.05 patients vs. controls.

Discussion

The main fi nding of this study is that leg crossing improves cerebral blood velocity and 

oxygenation in patients with sympathetic failure. The underlying mechanism is a rise of 

both cardiac output and total peripheral resistance resulting in an increase in arterial blood 

pressure. The effects of leg crossing on systemic vascular hemodynamics and cerebral 

perfusion were highly reproducible.
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Posture

Upon the change from supine to the erect posture rapid circulatory adjustments are necessary 

to maintain suffi cient blood pressure and adequate cerebral perfusion, despite the large 

gravitational shift of 300-800 ml of blood from the thorax to the regions below the diaphragm 

(254, 308). The tendency for higher values for thoracic electric impedance upon standing, 

documents a reduction of the central blood volume (Table 2) (89). As a consequence of this 

pooling of blood, the return of venous blood to the heart is reduced, resulting in a reduction 

in SV by 30-40% in healthy subjects (78, 89). The fall in CO is much smaller than the 

decrease in SV due to refl ex parasympathetic withdrawal and sympathetic activation of the 

heart resulting in an increased inotropic and chronotropic state (225, 308). In healthy subjects 

the compensatory adjustments result in an increase in mean and diastolic arterial pressure 

in upright posture with little change in systolic arterial pressure at heart level (308). The 

arterial pressure at brain level in upright posture is about 20mmHg lower than at heart level, 

since the brain is positioned approximately 30 cm above heart level (293). In the patients 

with sympathetic failure, the postural fall in MAP
mca

 was larger than in the controls. The 

underlying mechanism was a larger fall in SV and CO without a refl ex increase in TPR (Table 

2) (89). In healthy subjects the adaptive vasoconstriction in the upright position results from 

cardiopulmonary and arterial barorefl ex-mediated sympathoexcitation in addition to local 

myogenic responses and veno-arteriolar axon refl exes (58, 256, 295, 308). Patients with 

sympathetic failure lack this ability to modulate vascular tone in the upright position and 

this is the primary cause of orthostatic hypotension responses (14, 100, 256). An additional 

important factor is the excessive fall in SV and CO in patients with sympathetic failure. It is 

attributed to both increased pooling of venous blood and impaired inotropic and chronotropic 

cardiac responses (14, 100, 256, 292, 313). In the patients the fall in MCA V
mean

 and 

O
2
Hb was less compared to the excessive reduction in MAP

mca
 indicating functional static 

autoregulation. Upon standing only two patients had minor orthostatic complaints in this 

study despite the considerable fall in MAP
mca

. Previous studies have shown that those patients 

who become severely symptomatic are characterized by a very pronounced orthostatic fall in 

blood pressure, cerebral blood velocity and oxygenation manifest within the fi rst ten seconds 

of standing (89). In addition to the considerable decrease in MAP
mca

 and CO, a decrease in 

P
ET

CO
2
 may have contributed to this reduction in MCA V

mean
 (89, 106, 293), but this reduction 

was small in the present study.
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Figure 5.

Relationship between mean arterial blood pressure at MCA level (MAP
mca

), cardiac output (CO) and mean blood velocity (V
mean

) leg crossing. 

Closed circles indicate patients. Open circles, controls. Values are calculated from the average of three runs: standing-leg crossing-standing and three 

data points are plotted for each subject.

Leg crossing

In the healthy subjects leg crossing induced an initial transient increase in central blood 

volume (decrease in TI), CO and MAP
mca

 accompanied by a transient fall in TPR (Figure 4) 

(312). The increase in central blood volume is almost instantaneously and can be attributed 

to the mechanical effects of leg muscle and abdominal contraction at the onset of leg 

crossing (131, 309, 312). The infl ux of blood in the thorax is accompanied by characteristic 

hemodynamic events, i.e. a transient increase in CO and decrease in TPR (311). After the 

initial transient response of about 20 seconds, the steady state during leg crossing was 

characterised by an elevated CO and pulse pressure and a reduced HR and TPR, which 

resulted in no signifi cant effect on MAP
mca

 (Table 3 and Figure 4) (287). These adjustments 

indicate that they are mediated by the arterial barorefl ex (51, 269). After the onset of leg 

crossing the immediate drop in TI (increase in central blood volume) leveled of. Average 

TI was unchanged during crossing (Table 3) but there was a trend toward lower values 

(Figures 2,3 and 4). We suggest that most of the blood, that was translocated to the chest 

by the effect of the abdominal and leg muscle pump at the onset of leg crossing, returned to 

the venous vessels below the diaphragm, but that pooling was less due to sustained muscle 

tensing during leg crossing in the standing position. In addition, to an increase in CO (269), 
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an increase in TPR contributed importantly to the increase in MAP
mca

 during leg crossing in 

the patients. This increase in TPR in the patients is hard to explain. Against a background of 

defect vasomotor control with an inability to increase TPR by modulating sympathetic tone 

we consider the increase in TPR in the patients of mechanical origin related to compression of 

venous and arterial vascular bed by leg crossing/tensing. 

With leg crossing MCA V
mean

 increased in healthy subjects and the increase was related to 

an increase in CO confi rming earlier fi ndings (Table 3 and Figure 4) (287). Also, in healthy 

subjects, both at rest and during exercise, increases or decreases in CO with volume expansion 

or application of lower body negative pressure alter MCA V
mean

 in a linear fashion when mean 

arterial pressure and arterial CO
2
 were kept constant (190). In addition both the MCA V

mean
 

and O
2
Hb decrease in association with the postural reduction in CO (245). These observations 

indicate that there is evidence for a relationship between CO and MCA V
mean

 that cannot 

be explained by the changes in mean arterial blood pressure (190, 245). Further studies are 

needed to explore whether changes in pulse pressure play a role. An improvement in cerebral 

perfusion comparable to healthy controls was documented in the patients by the rise in MCA 

V
mean

 and O
2
Hb (Table 3 and Figure 4). In contrast to the healthy controls the increase in 

MCA V
mean

 was related to changes in MAP
mca

 (Figure 5). The explanation for this difference 

is that, in healthy controls the arterial barorefl ex buffers changes in preload instantaneously 

maintaining blood pressure. Patients with sympathetic failure lack the buffering capacity 

and blood pressure becomes importantly dependent on cardiac preload (294). Partial arterial 

CO
2
 pressure is an important determinant for cerebral perfusion. Leg crossing did not change 

P
ET

CO
2
 supporting that partial arterial CO

2
 pressure does not contribute to the increase in 

cerebral perfusion during leg crossing.

In conclusion, leg crossing is a highly reproducible manoeuvre that improves cerebral 

perfusion as refl ected in a rise of cerebral blood velocity and oxygenation in patients with 

sympathetic failure associated with a relieve of symptoms. The underlying mechanism is a 

rise in cardiac output, total peripheral resistance and arterial blood pressure. Patients with 

orthostatic intolerance should therefore be advised, besides increasing their salt intake, to 

sleep head-up tilted and take their medication (165), also to apply leg crossing when they 

stand up.
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