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Abstract The objective of this study is to assess by
echography and Doppler the Cerebral (Vmca), Aortic
(Vao) and Femoral (Vfem) arterial flow velocity and calf
vein (Tibial, Gastrocnemius) section (Tib, Gast) during
orthostatic intolerance (OI) test after a 60-day, head down
tilt bed rest (HDBR). Twenty-four women (25-40 years)
underwent a 60-day HDBR at —6°: eight as control (Con),
eight with exercise against lower body negative pressure
(Ex-Lb) and eight with nutrition supplement (Nut). Before
and after (RO) HDBR, all subjects underwent a 10-min, 80°
tilt followed by progressive LBNP until presyncope. After
the post-HDBR Tilt + LBNP test, two groups were iden-
tified: finishers (F, n = 11) who completed the Tilt and
non-finishers (NF, n = 13). A higher percentage decrease
in Vao flow, higher percentage distension of Tib vein and a
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lack of increase in Vmca/Vfem ratio during the post-
HDBR Tilt + LBNP compared to pre-HDBR were corre-
lated to OI, but not all of these abnormal responses were
present in each of the NF subjects. Abnormal responses
were more frequent in Con and Nut than in Ex-Lb subjects.
(1) HDBR did not affect the cardiac, arterial and venous
responses to the orthostatic test to the same extent in each
subject. (2) Exercise within LBNP partially preserved the
cardiovascular response to Tilt, while Nutrition supple-
mentation had no efficacy. (3) Cerebral/femoral flow ratio
and aortic flow were the parameters most closely related to
OL. (4) Reduction in aortic flow was not the major hemo-
dynamic change preceding syncope.

Keywords Tilt - LBNP - Orthostatic tolerance -
Cerebral - Aortic - Femoral flow

Introduction

After 60 days in head down tilt bed rest (HDBR), the
cardiovascular system is affected morphologically (e.g.,
myocardial atrophy, altered carotid wall thickness, venous
enlargment) and the hemodynamic responses to orthostatic
and exercise activities are altered (Macias et al. 2007;
Shoemaker et al. 1998; Hughson et al. 2004, Arbeille et al.
2008b; Bringard et al. 2010). Aerobic exercise counter-
measures partially prevent muscular and cardiac atrophy
and plasma volume loss (Macias et al. 2007; Dorfman et al.
2007; Trappe et al. 2007), while resistive exercise alone
had a limited benefit on these processes (Alkner and Tesch
2004). Each mode of exercise countermeasure alone does
not protect against Ol. Lower body negative pressure
(LBNP) in association with aerobic exercise not only
restores plasma volume and myocardium thickness but also
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reduces peripheral vascular deconditioning and orthostatic
intolerance during HDBR (Guell et al. 1991; Gharib et al.
1992; Arbeille et al. 1995; Macias et al. 2007; Watenpaugh
et al. 2007). A nutrition countermeasure (daily amino acid
supplementation) marginally maintains myocardium, but
does not maintain orthostatic tolerance (Dorfman et al.
2007; Guinet et al. 2009; Arbeille et al. 2008b).

During HDBR studies, cardiovascular responses are
evaluated using exercise (Bringard et al. 2010, Esposito
et al. 2010) or orthostatic stress tests (LBNP, Stand, Tilt
tests (Pavy-Le Traon et al. 1999). Usually the only car-
diovascular parameters measured are HR and BP, with few
studies measuring cerebral and femoral arterial flows.
Recently, simultaneous assessment of femoral artery and
portal vein flows before and after HDBR demonstrated that
both vascular regions are affected more by HDBR in non-
finishers during orthostatic stress than in finishers (Arbeille
et al. 2008b). In addition, calf vein area increases more in
non-finishers during a stand test after a HDBR compared to
finishers (Belin de Chantemele et al. 2004). These arterial
and venous parameters have not been measured simulta-
neously during an orthostatic test (Stand or Tilt) in the
same subject.

The hypotheses tested in this study are:

— That HDBR may not affect cardiac, arterial and venous
hemodynamic responses to the orthostatic test to the
same extent in each subject.

— That exercise within LBNP and a nutritional counter-
measure prevent deconditioning of cardiac and periph-
eral responses to an orthostatic test (Tilt + LBNP) after
HDBR.

— Alterations of arterial and venous hemodynamic
parameters in the leg changes are more closely related
to orthostatic intolerance than the changes in cerebral
or aortic blood flow. Thus, syncope is not mediated by
a drop in cardiac output but rather by local vascular
changes in the lower body.

The main objective of our study is to simultaneously
quantify the hemodynamic response to a calibrated 10 min
Tilt with additional LBNP at the heart (aortic flow), arterial
(cerebral, femoral artery) and calf vein levels. The effi-
ciency of two countermeasures for preventing cardiovas-
cular degradation of the orthostatic response is also
evaluated.

Methods

In 2005, a 60-day, 6° HDBR study [Women international
space simulation for exploration (WISE) study] was orga-
nized by the MEDES Space Clinic at Rangueil Hospital,
Toulouse, France. The experiment was approved by a
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French Committee for Health. Twenty-four healthy women
signed a consent form after being informed of the risks of
this long-term HDBR study. The population was randomly
assigned to three groups, exercise within lower body neg-
ative pressure (Ex-Lb: n = 8) and nutrition (Nut: n = 8)
countermeasure groups and controls (Con: n = 8). Exer-
cise subjects performed flywheel resistance exercise in the
6° head down position (Alkner et al 2007; Trappe et al.
2007) every third day, plus 40-min supine treadmill exer-
cise within LBNP (Macias et al. 2007) 3—4 days per week
with interspersed rest days. The treadmill within LBNP
exercise was followed by 10-min passive LBNP at
50 mmHg. Nutrition subjects consumed a daily supplement
of protein (0.6 g/kg/day) during meals. This supplement
included 3.6 g/day free leucine, 1.8 g/day valine and
1.8 g/day free isoleucine (Trappe et al. 2007).

Orthostatic tolerance test

A Tilt + LBNP test was performed pre-HDBR (Day —1)
and after 60 days of HDBR (Day 0). After instrumentation
with echographic and Doppler probes (see below) and
collection of baseline data in supine position, the subject
was tilted to +-80° for 10 min and then LBNP was applied
from —10 to —50 mmHg, where the pressure was reduced
by 10 mmHg every 3 min until presyncope (sudden drop in
SBP (>10 mmHg/min), sudden drop in HR (>15 bpm),
SBP <70 mmHg, severe light headedness, or nausea). This
tilt + LBNP protocol was used in previous studies allow-
ing a precise determination of changes in orthostatic tol-
erance induced by bed rest (Watenpaugh et al. 2007).

Echographic and Doppler measurements

During the TILT + LBNP test, the maximal and mean
aortic blood flow velocity (cm/s) (Aortic Flow) were
measured from the aortic Doppler spectrum assuming an
angle of 0° between the Doppler beam and the aortic axis
(2 MHz pulsed Doppler). The aortic probe was fixed on a
chest harness. Cerebral flow velocity (MCA Flow) was
recorded using a 2 MHz transcranial Doppler probe fixed
over the temporal window to insonate the right middle
cerebral artery (MCA). The angle of insonation of the
MCA was also 0°. The superficial femoral artery flow
velocity (Fem Flow) was investigated using a flat Doppler
probe of 4 MHz fixed by two straps passing around the
upper part of the thigh and around the abdomen.
The Doppler beam was steered at 45° from the front face of
the probe, and the angle between the Doppler beam and the
vessel axis remained unchanged during the session. All
sensors worked during all Tilt and Tilt + LBNP tests. The
Doppler spectrum was recorded and analysed by the Car-
diolab ground module (ESA-CNES device). Based on an
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earlier report (Arbeille 1997), it was assumed that the
diameter of these vessels remained constant during the
orthostatic tolerance tests and that mean velocity changed
in proportion with flow volume (ml/min) as calculated
from velocity and vessel cross-section.

Changes in vascular resistance were estimated from the
maximal (§) and minimal (D) flow velocities on the MCA
(Cerebral resistance index CRI = [(S — D)/S)] and femo-
ral artery (Femoral resistance index FRI = D/S), D being
the amplitude of the reverse flow) (Adamson et al. 1990;
Arbeille 1997). From these mean velocities, a Cerebral to
Femoral flow ratio [CFR = (MCA flow/FEM flow)] that
measures the proportion of flow supplying the leg and the
brain was calculated. Calf veins were investigated using a
7.5 MHz ultrasound “T-shaped probe” attached to the
upper posterior level of the left calf by an adhesive patch,
and connected to the echograph by a 2 m long cable (Logic
book GE France). The ultrasound probe was placed in
order to visualize a transverse cross-section of the upper
part of the posterior tibial vein (Tib) and one or two gas-
trocnemius veins (Gast) depending on the subject’s anat-
omy. Echographic views were digitized and recorded
continuously during the test and processed on a program
designed by our laboratory. The contours of the tibial and
gastrocnemius veins were outlined on the images and vein
cross-sectional area (CSA) was expressed in cm?>.

Parameters display

Arterial and venous parameter changes (in percent from
supine) during the whole orthostatic test (Tilt + LBNP)
and the absolute values of the vein CSA (in cm?) were
displayed as mean £ SD for the three groups (Con; Ex-Lb
and Nut) and also for the two groups, finishers and non-
finishers. These data were also analysed subject by subject
to predict OI, but only during the 10-min TILT as none of
the non-finishers reached the first LBNP level. For the
subject-by-subject analysis, Ol parameters were compared
as the percent change during post-HDBR tilt to the percent
change during pre-HDBR tilt. For example, the difference
in aortic flow drop between RO and pre-HDBR TILT was
[A%Ao flow = (percent drop in Ao flow at RO TILT)
minus (percent drop in Ao flow pre-HDBR TILT)]. Thus
A%Ao flow <0 signifies that there was a higher drop in

aortic flow post-HDBR Tilt compared to pre-HDBR Tilt. In
addition, A%CFR = (A%CFR RO — A%CFR pre) <0
signifies that the blood flow redistribution towards the brain
was less efficient post-HDBR Tilt (less vasoconstriction on
the leg vascular area). Finally, A%Tib csa or A%Gast
csa > 0 signifies that the vein distension was higher during
the post-HDBR Tilt.

Statistical analyses

In the Tilt + LBNP data analysis (time to presyncope), the
absolute values at REST and the percent change from
supine to the end of the Tilt + LBNP were analysed with
the data grouped according to (a) HDBR effect, (b) the
countermeasure used, and (c) whether they finished (F) the
post-HDT 10-min Tilt test or not (NF). In the figures,
values were presented as mean + SD. Statistical compar-
isons were performed using two-factor analysis of variance
with main effects of group (Finishers, Non-finishers),
HDBR (pre-HDBR and post-HDBR). Differences were
significant for P < 0.05.

The accuracy of the flow redistribution parameters
(%MCA flow, %Ao flow, %CFR = %[MCA flow/(FEM
flows)], %Tib csa) to predict OI by the end of the HDBR
was determined on the basis of the sensitivity (SS) and
specificity (SP) of their response to the Tilt test. Each
parameter was expressed as positive (PPV) and negative
(NPV) predictive values. In NF subjects lower aortic flow
velocity, or femoral resistance, or lower increase in CFR,
or higher vein distension, at post-HDBR tilt compared to
pre-HDBR, was considered as a “true positive response”,
while the opposite was considered a “false negative
response”. Conversely, in F subjects, lower aortic flow
velocity, lower femoral resistance, lower CFR, or higher
vein distension at post-HDBR tilt (compare to pre-HDBR),
was considered false positive responses while the opposite
was considered as a true negative value.

Results

Table 1 shows that the basic cardiac volume and mass
parameters were significantly reduced at post-HDBR
compared to pre-HDBR on the NF subject. There was a

Table 1 Basic cardiovascular parameters pre-HDBR and end of HDBR (HR:/min; BP:mmHg; LVDV:ml; SV: ml; Mass: g)

HR pre BP pre LVDV pre SV Mass pre  HR post BP post LVDV post SV post Mass post
(min~") (mmHg) ~ (ml) m) () (min™") (mmHg) (ml) (ml) ®

F 66.27 89.8 106 71.6  90.1 76.7 90.5 101 68.4 84

NF 67.82 82.6 106 717 717 83.9 88.2 94.6 65 65

SD 73 6.7 19 13 17 11.7 12 16 12 11

SD 9.7 72 18 13 13 10.7 11.7 14 11 10
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significant increase in supine resting HR measured prior to
the tilt for both the F and NF subjects, but no change in
SBP or DBP during this supine baseline period comparing
the pre- versus post-HDBR tilt tests.

Average cardiac, arterial and venous changes
during the last 3 min of the Tilt + LBNP test in, F
and NF groups (Fig. 1 : mean + SD)

Pre-HDBR 22 subjects reached the Tilt + LBNP
—20 mmHg level (1Co and INut did not), while post-
HDBR 5 subjects stopped the test at —10 mmHg (2 Ex, 1
Co and 2 Nut) and 6 subjects stopped at —20 mmHg (Ex 4,
Co I, Nut 1).

Thus, the analysis of the cardiovascular changes during
the post-HDBR test in relation with OI was limited to Tilt
for the NF and to Tilt + LBNP at —20 mmHg for the F.
The impact of the CMs on cardiovascular responses to the
orthostatic test was analysed using only the Tilt data.

In the F and NF groups during the pre-HDBR
Tilt + LBNP

The changes in Vmca; Vao, Vfem, CFR (Vmca/Vfem),
FRI, Tib csa, Gast csa were similar for the two groups
(Fig. 1).

In the F group during post-HDBR Tilt + LBNP

Vmca decreased significantly more during Tilt + LBNP at
—20 mmHg (p < 0.05) compared to the end of Tilt but
not compared to pre-HDBR LBNP-20 mmHg, Vao also
decreased significantly more at LBNP-20 mmHg
(p < 0.05) compared to end of Tilt, while Vfem, CFR, FRI,
Tib csa and Gast csa changed similarly as compared to pre-
HDBR at each level.

In the NF group during post-HDBR Tilt

Vmca decreased significantly more compared to pre-
HDBR (—30 vs. —8% pre, p < 0.05), Vao decreased sig-
nificantly more (—30 vs. —10%, p <0.05), Vfem
decreased similarly (—42 vs. —33% ns), CFR (Vmca/
Vfem) increased less (423 vs. +43%, p < 0.05), FRI
increased less (420 vs. +30%, p < 0.05), Tib csa
increased more (+300 vs. +180%, p < 0.05) and Gast csa
increased more (pre +380 vs. +280%, p < 0.05).

Individual cardiac, arterial and venous changes
during Tilt: NF versus F (Fig. 2)

For Vao, 8 of 13 NF had a greater decrease post-HDBR
(>10% compared to pre), but 5 of 11 F also had a greater
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decrease. A greater increase in Gast Vein was observed in 8
of 13 NF as well as 5 of 11 F. For the Tib Vein, 7 of 13 NF
and 7 of 11 F had a greater increase post-HDBR. For CFR,
9 of 13 NF had a smaller increase of CFR post-HDBR, but
only 2 of 11 F had a smaller increase. At least one of these
abnormal responses was present in 12 of 13 NF and in 8 of
11 F. In 12 of 13 NF there was either a greater drop in Vao
or lack of CFR increase and similar changes were also
observed in 4 of 11 F. Three abnormal responses were
present in 4 of 13 NF, but only 1 F. Systolic Vfem and Vao
changed proportionately in each subjects.

Individual cardiac, arterial and venous changes
during Tilt (Counter measure gr, Fig. 2)

For Vao, 8 of 16 Non-Ex-Lb had a greater decrease and this
was also observed in 4 of 8 Ex-Lb. For Gast vein, 11 of 16
Non-Ex-Lb had a greater increase, but only 2 of 8 Ex-Lb
had this response. For Tib vein, 11of 16 Non-Ex-Lb and 3
of 8 Ex-Lb had a greater increase. For CFR, 9 of 16 Non-
Ex-Lb had a lack of increase, while this was observed in 2
of 8 Ex-Lb. One of these abnormal responses was present
in 15 of 16 Non-Ex-Lb and 5 of 8 Ex-Lb. 7 of 16 Non-Ex-
Lb had Tib vein increase and lack of CFR increase, but
none of the 8 Ex-Lb had this response. All three of these
abnormal responses were present in 4 of 16 Non-Ex, but in
none of the 8 Ex-Lb.

Discussion

The primary vascular responses we found during the
Tilt + LBNP test were that in the NF and Non-Ex-Lb
groups, the drop in aortic flow and Tib-Gast vein distension
were greater and the average increase in cerebral to fem-
oral flow ratio (CFR) was smaller compared to the F and
Ex-Lb groups. Thus we could expect that the cardiac,
arterial and venous responses to an orthostatic test may be
more affected in each NF and Non-Ex-Lb subject after
HDBR, while none of these responses may be altered in the
F or Ex-Lb groups. In fact, the analyses of the mean data
among the NF and Non-Ex-Lb subgroups demonstrated
that each of the cardiac, arterial and venous abnormal
responses were only modestly related to OI or to CM, while
the subject-by-subject analyses found that not all of these
abnormal responses were present simultaneously in each of
the NF or Non-Ex-Lb subjects. This suggests that there is
not ONE specific cardiovascular region or function more
affected by the HDBR or involved in the development of
OI. Thus central and peripheral organs or systems involved
in the cardiovascular dysregulation after HDBR are neither
affected to the same extent nor in the same order for all
subjects.
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Fig. 1 Arterial flow velocity and venous cross-sectional area average
change in response to TILT and Tilt + LBNP (mean + SD). NF did
not reach Tilt + Lb post-HDBR. (Asterisk inside the bar: significant
compared to Tilt, Asterisk between 2 bars: significant compared to
pre-HDBR p < 0.05) a Middle cerebral mean flow velocity drop
(Vmca): percent drop from supine to Tilt and Tilt 4+ Lb (pre and post)
in finishers (F) and non-finisher (NF) gr. b Aortic mean flow velocity
(Vao): percent drop from supine to Tilt or Tilt 4+ Lb (pre and post) in
finishers (F) and non-finishers (NF). ¢ Femoral mean flow velocity
(Vfem): percent drop from supine to Tilt or Tilt 4+ Lb (pre and post)

Most of the changes in cardiovascular variables found
during the present Tilt + LBNP test were similar to the
changes during a supine LBNP orthostatic test after
55 days of HDBR (Arbeille et al. 2008a, b). Nevertheless,
none of these supine LBNP subjects approached the pre-
syncope level and thus the supine LBNP results could not
provide information on the aortic, cerebral, femoral arterial
and calf changes during presyncope.
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finishers (F) and non-finishers (NF). d Cerebral to femoral flow
velocity ratio (Vmca/Vfem): percent increase from supine to Tilt or
Tilt + Lb (pre and post) finishers (F) and non-finishers (NF)
e Femoral Resistance index (FRI): percent change from supine (pre
and post) finishers (F) and non-finishers (NF) f Tibial vein cross-
section (Tib): percent increase from supine to Tilt (pre and post)
finishers (F) and non-finishers (NF) g Gastrocnemius vein cross-
section (Gast): percent increase from supine to Tilt or Tilt 4+ Lb (pre
and post) finishers (F) and non-finishers (NF)

Cardiac, arterial and venous responses to (Tilt + LBNP
during the last 3 min), pre- and post-HDBR in relation
with OI

During post-HDBR test in the F group, the added LBNP
stress caused a greater decrease in cerebral flow velocity
(Vmca) compared to Tilt, but of smaller amplitude than in
the NF. Despite the fact that these F subjects finished the
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Fig. 2 Individual subject results: aortic flow change during Tilt:
(%Ao at Tilt post—%Ao at Tilt pre) <O = > greater Ao decrease at
post-HDBR. CFR = (Vmca/Vfem) change during Tilt: (%CFR
increase at TILT post—%CFR at Tilt Pre) <0 = > loss in CFR
increase (vasoconstriction) at post-HDBR—Tib csa change during

10 min Tilt, their cardiovascular responses were already
affected in various territories (leg) by the HDBR, while
cerebral autoregulation as reflected by the limited drop in
Vmca was still operational and not affected by the HDBR.
Previous studies have reported that autoregulation is nei-
ther significantly affected by HDBR nor by the reduction in
plasma volume that accompanied LBNP, which supports
the present observation (Brown et al. 2003; Guo et al.
2006; Kuriyama et al. 2000).

The greater decrease in aortic flow (Vao) during post-
HDBR Tilt in the NF group (compared to F) is consis-
tent with an altered venous return as discussed below
and may be due to a reduced leg vasoconstriction and
increased venous distension. The lack of CFR smaller
increase at post-HDBR Tilt compared to pre-, in the NF
group expresses the lesser reduction of femoral flow
(Vfem) (lack of vasoconstriction) and its consequence on
the decrease in cerebral blood flow (Vmca). The intra-
muscular gastrocnemius vein and the tibial vein in
regions deeper and free from the muscle showed similar
and significant increase in vein cross-sectional area at
post-HDBR Tilt compared to pre-HDBR Tilt in the NF
subjects. Stand tests after a 90-day HDBR (Belin de
Chantemele et al. 2004) and WISE HDBR 55-day supine
LBNP showed significant increase in vein distension in
the NF subjects (Arbeille et al. 2008a).

On the other hand, the CFR which is the ratio between
the cerebral and femoral flow increased similarly during
pre- and post-HDBR both during Tilt and Tilt + LBNP in
the F group. This suggests that the femoral flow was
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Non-Ex-Lb subjects)

reduced more than cerebral flow and that the regulating
systems (baro-reflexes, cerebral auto-regulation, local leg
and splanchnic vasoconstriction) were still operational in
this group even after long-term HDBR. This was also
observed during supine LBNP or stand tests after long
duration HDBR (Arbeille et al. 2005, 2008b).

One may notice that most of the NF subjects were
hypovolemic and had myocardial atrophy (Dorfman et al.
2007; Macias et al. 2007) which also may contribute to the
drop in aortic flow during an orthostatic test. The greater
Ao flow decrease post-HDBR during Tilt + LBNP-
20 mmHg (compared to pre-HDBR) in the F group sug-
gests that cardiac function in this group was also partially
altered by the HDBR, even though these subjects had no
significant reduction in left ventricle volume and had no
significant decrease in cardiac mass.

Individual subject analysis in the 3 min preceding pre-
syncope and test termination post-HDBR compared
to the last 3 min in Tilt at pre-HDBR

The results from individual subjects indicated that a greater
aortic flow decrease, higher Tib vein distension and a lack
of increase in CFR (less efficient flow redistribution),
during post-HDBR Tilt compared to pre, did not occur in
all NF subjects (4/13 NF and 1/11 F). A significant drop in
aortic flow just before syncope (test end point), insufficient
vasoconstriction (too low CFR increase) or higher vein
distension was present in half of the whole population, but
most of the time only one of these conditions was present.
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The flow redistribution ratio (CFR) in relation with the
lower limb flow and resistance (FRI) change and the aortic
flow drop were the parameters that most correlated to OI
(SS 75%; SP 88%). Higher leg vein distension was less
correlated to OI. These observations are in agreement with
those reported by Goswami et al. (2009) concerning
changes in blood pressure, heart rate and cardiac output
(CO impedance measurements) during LBNP. These
authors observed that the differences in HR, BP and CO
responses between subjects indicated that the preferred
activation of selected pathways of blood pressure control
differed among individuals, but that the preferential
mechanisms were highly conserved and reproducible
within the same individual.

Conversely others suggest that hypotension (presynco-
pe) during routine tilt testing is always cardiac output
mediated, which challenges the conventional idea of
insufficient vasoconstriction or systemic vasodilation
(vasovagal response) as the overriding cause of hypoten-
sion during postural syncope. But they directly measured
neither cardiac output nor peripheral flow and vascular
resistance changes (Verheyden et al. 2008; Gisolf et al.
2004) which may explain why this explanation is in con-
tradiction with our present results.

On the other hand, all except one of the Non-Ex-Lb
subjects had at least one of these abnormal responses
during Tilt but only half of the Ex-Lb subjects, which
suggests that the Ex-Lb CM partially prevented the cardiac,
arterial and/or venous deconditioning induced by the
HDBR. Thus, the Ex-Lb CM may have different effects on
each of the central and peripheral cardiovascular parame-
ters. The combination of “greater venous distension and
lack of CFR increase” was present in half of the Non-Ex-
Lb subjects but in none of the Ex-Lb subjects. This sug-
gests that the vascular parameters were most altered by the
HDBR and most protected by the Ex-Lb CM in the lower
limb arteries and veins (SS 86%; SP 59%).

During this same WISE study Guinet et al. (2009)
observed from the heart rate, blood pressure and the
duration of the Tilt-LBNP test that the Ex-Lb CM did not
significantly improve orthostatic tolerance but protected
blood volume and cardiovascular responses to sub-toler-
ance levels of orthostatic stress. Nevertheless, the Ex-Lb
group in the present study had better regional arterial and
venous responses to the post-HDBR orthostatic tests. This
is not in contradiction with the Guinet et al. results, as HR
and BP are systemic parameters which express the sum-
mation of peripheral arterial and venous responses. Again,
this is in agreement with the fact that not all NF subjects
had similar alterations in the various peripheral regions,
yet all had an earlier drop in BP post-HDBR compared to
pre-HDBR.

Limitations of the study

Carotid artery and Femoral artery diameter were measured
with the subject in supine and in tilt positions and these
values were used for the calculation of flow volume.
Although the common carotid diameter tended to decrease
and the femoral diameter to increase, these changes were
not significant and did not significantly affect the flow
volume calculation. One reason for this lack of effect was
that the diameter squared (cross-section area) is used for
the calculation of flow volume. The error on the cross-
section area is twice as high as the error on the diameter
measurement which also results in a twofold greater error
on the flow volume than for the diameter. This is true for
any kind of vessel but especially for small vessels (MCA).
Conversely the changes in mean velocity from supine to tilt
were significant. Therefore we used the change in flow
velocity for assessing a change in flow volume.

In the present Tilt-LBNP test splanchnic flow was not
investigated because too many sensors already were placed
on the subject and it would have required additional
operators touching the subject during the test. The impor-
tant role of this vascular area in the expression of OI has
been documented during supine LBNP (Arbeille et al.
2008b) and such information would have helped for
understanding the complete vascular response to the pres-
ent orthostatic test.

Conclusion

The present study confirms that: (1) HDBR did not affect to
the same extent the cardiac, arterial and venous hemodynamic
responses to the orthostatic test in each subject. (2) The
exercise within LBNP countermeasure, partially preserved
the cardiovascular responses to Tilt, while the Nutrition
countermeasure had no benefit on orthostatic tolerance. (3)
The cerebral/femoral flow ratio and the aortic flow responses
were the parameters that most closely related to OI after
HDBR, (4) but the reduction in aortic flow was not the major
hemodynamic change preceding the onset of syncope.
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