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Abstract
Aims—We tested the hypotheses that vasoconstrictor responses to limb dependency are: 1)
greater in the leg than the arm, 2) impaired with age, and 3) not sympathetically mediated.

Methods—Vascular responses to limb dependency (i.e., lowering the limb from heart level to 30
cm below heart level) were determined in 17 young and 17 older adults. Indices of blood flow
were obtained in the brachial and popliteal artery (Doppler ultrasound) as well as the cutaneous
circulation (forearm and calf using laser Doppler flowmetry). Vasoconstriction was quantified by
calculating indices of vascular resistance as height corrected mean arterial pressure/limb blood
velocity or skin flux. A second group of subjects repeated the limb dependency trials after acute
systemic sympathetic blockade.

Results—Limb dependency increased vascular resistance index in the brachial artery (Δ59±8%;
P<0.05) and popliteal artery (Δ99±10%; P<0.05 for change from heart level and brachial vs.
popliteal) of young and older adults (Δ60+9% brachial and Δ61±7% popliteal artery; p<0.05 for
change from heart level and response in popliteal young vs. older). In contrast, cutaneous
vasoconstrictor responses to limb dependency were similar in the forearm (Δ218±29% and
Δ200±29% for young and older, respectively) and calf (Δ257±32% and Δ236±29%; all P<0.05
from heart level) of young and older adults. Vasoconstrictor responses to limb dependency were
not affected by sympathetic blockade in young or older adults.

Conclusion—These findings indicate that age-, limb-, and tissue-related differences may exist in
the vasoconstrictor response to limb dependency in healthy humans, which are not sympathetically
mediated.
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Introduction
Limb dependency elicits a powerful local vasoconstrictor response within skeletal muscle,
subcutaneous tissue, and skin of humans (Henriksen et al., 1973a, Henriksen et al., 1973b,
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Henriksen and Sejrsen, 1977, Henriksen, 1991, Kooijman et al., 2007). This vasoconstrictor
response persists after spinal anesthesia (Henriksen and Sejrsen, 1977), proximal
sympathetic neural blockade (Henriksen and Sejrsen, 1977, Vissing et al., 1997), and in
denervated skin flaps (Zoltie et al., 1989), but is abolished by topical anesthetic (cutaneous
circulation) (Crandall et al., 2002, Okazaki et al., 2005, Vissing et al., 1997). Additionally,
some (Henriksen, 1976, Henriksen and Sejrsen, 1977, Henriksen, 1977), but not all studies
(Kooijman et al., 2009, Crandall et al., 2002) indicate that local administration of α-
adrenergic antagonists to various tissues abolishes this vasoconstrictor response.
Collectively, these data suggest that vasoconstrictor responses to limb dependency arise
from a local, possibly axonal mechanism(s) as a result of venous distention (venoarteriolar
response) or as a result of changes in transmural pressure (myogenic response) (Low, 2004,
Gaskell and Burton, 1955, Rowell, 1993, Henriksen, 1991).

A locally mediated vasoconstrictor response to limb dependency could be critical during
times in which venous pressures are increased, such as during orthostasis. It has been
estimated that ~45% of the total vasoconstriction required to avoid a persistent fall in arterial
pressure (BP) during orthostasis results from engagement of a local reflex response
(Henriksen and Sejrsen, 1977, Henriksen, 1977, Henriksen, 1976). The existence of such a
response could help explain how some level of orthostatic tolerance is maintained in spinal
cord injured individuals (Theisen et al., 2000, Skagen et al., 1982, Andersen et al., 1986,
Kooijman et al., 2007, Kooijman et al., 2009) and those with autonomic failure (Groothuis et
al., 2011) despite losses in postganglionic sympathetic function.

As older adults exhibit impaired BP regulation (Monahan, 2007), factors such as age-related
alterations in baroreflex function (Monahan, 2007) and local reflex function (Lott et al.,
2004) take on an added level of importance. Presently, the effect of aging on the vascular
response to limb dependency has not been determined. Moreover, whether or not limb-
related differences exist in the vascular response to limb dependency has not been
determined. Accordingly, the aim of the present study was to test the hypotheses that
vasoconstrictor responses to limb dependency: 1) are augmented in the leg relative to the
arm, 2) are impaired with age, and 3) are not sympathetically mediated.

Methods
Subjects

Thirty-four subjects 22-35 (young; n=17) and 58-79 (older; n=17) years of age participated
in the protocols associated with this study. All subjects were healthy, as assessed by history
and physical examination, normotensive, non-smokers, non-obese (body mass index <30 kg/
m2), and unmedicated. No subjects reported taking any vitamin supplements. The
experimental protocols conformed to standards set in the latest revision of the Declaration of
Helsinki and the Institutional Review Board at the Pennsylvania State University College of
Medicine approved them. Informed consent was obtained from all subjects.

Measurements
BP and Heart Rate (HR)—BP and HR at rest were determined at the left arm using a
semi-automated device (Dinamap; GE Healthcare) before each trial. Additionally, during
each trial BP and HR were determined on a beat-to-beat basis using photoplethysmography
(Finapres Medical Systems, Amsterdam, Netherlands) on the third finger of the left hand.

Skin Flux—An integrative index of skin blood flow (i.e., skin flux) was obtained using
laser Doppler flowmetry (Moor Instruments, Wilmington, DE). Two laser Doppler probes
were inserted in small local heating units affixed to the midpoint of the ventral aspect of the
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right calf and forearm. Local heating units were set to 34° C, a temperature that does not
affect the venoarteriolar response, but assures similar skin surface temperatures between
subjects (Davison et al., 2004).

Limb Blood Velocity—Blood velocity in the brachial and popliteal arteries was measured
using 4 MHz pulsed wave Doppler probes (Model 500M, Multigon Industries, Yonkers,
New York). The Doppler probes were taped in place over the arteries of interest and
adjusted until optimal signals were obtained with an insonation angle of 45°. Measurements
were obtained in the right arm and leg.

Thoracic Impedance—Impedance cardiography (HIC-2000 Bio-Impedance Technology,
Inc.) was used to measure thoracic impedance and provide insight into possible central
hypovolemia (baroreceptor unloading) that may have occurred during limb dependency
(Ebert et al., 1986, van Lieshout et al., 2005).

Experimental Design
General experimental protocol—Studies were performed on supine subjects in a
thermoneutral (20-22° C) laboratory after a minimum 4-hour fast and avoidance of caffeine
and alcohol for at least 12 hours. Subjects were asked to void their bladders before the study.
The examination table was modified with a pivoted drop out section located under the
subject’s right leg. This allowed the whole leg to be lowered solely through passive hip
extension into the dependent position. The right arm was positioned (abducted 90° to the
torso) on a board extending off the side of the examination table allowing the whole arm to
be lowered into the dependent position solely through passive shoulder extension. After
initial positioning the subject’s arm and leg were lowered to assure the desired (Δ-30 cm)
change in calf and forearm midpoint, measured from the midpoint of the tibia and ulna,
relative to the baseline position (heart level; mid-axillary line) could be achieved.

Protocol 1: Age- and limb-related differences in the vasoconstrictor response
to limb dependency—Twelve young and 12 older subjects rested quietly in the supine
position for at least 30 min prior to data collection. During this protocol the right arm and
leg were maintained at heart level at all times except when they were moved into the
dependent position. Data collection involved 4 trials (2 arm and 2 leg trials). After
measuring BP over the left brachial artery a 3 min baseline period ensued, in which the
studied limb was maintained at heart level. After this the limb was passively lowered into
the dependent position for 3 min. During each trial BP and HR (Finapres) were measured
(left hand) and skin flux and mean blood velocity was measured (final minute of limb
dependency). Results of the 2 trials in each limb were averaged.

Protocol 2: Role of sympathetic mechanisms in the age- and limb-related
differences in the vasoconstrictor response to limb dependency—After
obtaining an initial set of vasoconstrictor responses in the arm and leg to limb dependency (5
young and 5 older adults), as described above in protocol 1, systemic sympathetic blockade
was performed. Sympathetic blockade was achieved by intravenous infusion of propranolol
(priming dose; 0.25 mg/kg) over 15 min, into the antecubital vein of the left arm, followed
by phentolamine (priming dose; 0.18 mg/kg) over 5 min. After the priming doses
maintenance doses were infused (propranolol 0.006 mg/kg/min; phentolamine 0.018 mg/kg/
min) until study completion (Sielatycki et al., 2011). Vasoconstrictor responses to limb
dependency were repeated beginning ~10 min after the start of the maintenance doses.
Effectiveness of α-adrenergic blockade was assessed by measuring the pressor response to
bolus intravenous infusion of norepinephrine (3 μg) before (pre) and during sympathetic
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blockade (post) (Esler et al., 1975, Sielatycki et al., 2011). In addition to measures obtained
in protocol 1 we also measured thoracic impedance in this protocol.

Data Collection and Analysis
Data were digitally recorded at 400 Hz. Results were quantified over the final minute of the
baseline and limb dependent periods. An index of vascular resistance was calculated as
mean BP (height corrected)/skin flux or limb mean blood velocity. To account for
hydrostatic effects mean BP in the dependent limb was corrected according to the formula:
mean BP (height corrected)=mean BP (heart level)+0.766*30, where 30 represent the
number of centimeters the limb midpoint was below heart level (Christ et al., 1997).
Responses to norepinephrine were quantified as peak increases in mean BP (3-point moving
average) from baseline levels after bolus infusion.

Statistical Analysis
Differences in subject characteristics were determined by t-test. Effects of the intervention
were determined using 1 and 2 factor repeated-measures ANOVA and Student Newman-
Keuls post hoc tests. Statistical significance was accepted at P<0.05.

Results
Subject Characteristics

Subject characteristics are presented in Table 1. Diastolic BP (protocol 1), mean BP
(protocol 1), and height (protocol 2) differed between young and older subjects.

Vasoconstrictor Responses to Limb Dependency in Young Adults (Protocol 1)
Limb dependency elicited vasoconstriction, as measured by increased brachial and popliteal
artery vascular resistance index (Fig. 1 and Table 2), in the lowered arm and leg of young
adults. The magnitude of vasoconstriction produced by limb dependency was greater
(P<0.05) in the popliteal artery than in the brachial artery of young adults. Limb dependency
also produced cutaneous vasoconstriction (increased cutaneous vascular resistance index) in
the lowered forearm and calf of young adults (Fig. 2), although the magnitude of this
vasoconstriction did not differ between the limbs (P>0.05). HR and BP were unchanged by
limb dependency in young adults.

Effect of Aging on the Vasoconstrictor Responses to Limb Dependency (Protocol 1)
Limb dependency elicited vasoconstriction, as measured by increased brachial and popliteal
artery vascular resistance index (Fig. 1 and Table 2) in older adults. The vasoconstriction
produced by limb dependency was reduced with age in the popliteal artery. Similar to
responses observed in the skin of young adults limb dependency produced cutaneous
vasoconstriction in the forearm and calf of older adults, the magnitude of which did not
differ between limbs or when compared to responses in young adults. HR and BP were not
altered by limb dependency in older adults.

Effect of Sympathetic Blockade on Vasoconstrictor Responses to Limb Dependency
(Protocol 2)

Limb dependency elicited vasoconstriction in young and older adults before (Pre) and
during sympathetic blockade (Post) (Fig. 2 and Table 3). The magnitude of vasoconstriction
was not influenced by sympathetic blockade in young or older adults. Thoracic impedance,
HR, and BP were unchanged by limb dependency (arm and leg) in young and older subjects
both Pre and Post blockade.
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Pressor responses to norepinephrine (Δ mean BP) were similarly reduced by sympathetic
blockade in young (Δ18±2 vs. Δ4±1 mmHg for Pre and Post, respectively; P<0.05) and
older (Δ22±7 vs. Δ5±2mmHg for Pre and Post, respectively; P<0.05) adults.

No gender related effects were observed in either Protocol 1 or Protocol 2.

Discussion
This study reports a number of novel findings. First, limb dependency produces a
vasoconstrictor response in both the arm and leg (popliteal and brachial artery) of young
adults, the magnitude of which is ~2-fold greater in the leg than in the arm. Second, limb
vasoconstrictor responses to limb dependency are reduced with age in the leg (popliteal
artery). Third, in contrast to those responses observed in the limb (popliteal and brachial
artery), vasoconstriction produced by limb dependency in the cutaneous vasculature displays
no age- or limb-related differences. Lastly, limb vasoconstrictor responses to limb
dependency do not appear to be sympathetically mediated in humans.

Vasoconstrictor responses to limb dependency are greater in the popliteal artery (leg) than in
the brachial artery (arm) of young adults and responses in the popliteal artery are decreased
with age. The mechanism(s) underlying these effects are unknown. One possibility is that a
sympathetic mechanism mediated these effects (Henriksen et al., 1983, Henriksen and
Sejrsen, 1977). Consistent with this possibility: 1) α-adrenergic receptor sensitivity is
increased in the leg relative to the arm of young adults (Pawelczyk and Levine, 2002) 2) leg
α-adrenergic receptor sensitivity is decreased with age (Smith et al., 2007) and 3) enhanced
sympathetic tone is present in the leg (Dinenno et al., 2001), but not the arm with age
(Dinenno et al., 2002). However, our finding that vasoconstrictor response to limb
dependency is unaltered by systemic sympathetic blockade does not support the view that a
sympathetic mechanism underlies the observed limb- or age-related effects. A second
possibility is that structural differences between the limbs, or associated with aging,
contributes to these differences. For instance it is possible that arterial stiffening with age
(Hess et al., 2009) or reductions in basal blood flow in the leg (Dinenno et al., 1999) reduces
the ability of these arteries to vasoconstrict (i.e., impair vasoconstrictor reserve) (Fu et al.,
2004). Additionally, increased arterial diameters at rest could affect vasoconstrictor
responsiveness. However, the fact that increases in brachial and popliteal artery diameter
with age in men is similar (Green et al., 2010) makes it unlikely that arterial enlargement
selectively effects vasoconstrictor responses to limb dependency in the leg, but not the arm.

It is possible that substances, other than norepinephrine, released by sympathetic nerve
terminals contributed to the observed age- and limb-related differences in the
vasoconstrictor response to limb dependency. For instance it is possible that blunted leg
(popliteal artery) vasoconstrictor responses to limb dependency occur as a result of impaired
vasoconstrictor responses to sympathetic nerve terminal release of co-transmitters, such as
neuropeptide Y or adenosine triphosphate. Based on the present study design we cannot
exclude this possibility. However, as both bretylium tosylate (Crandall et al., 2002) and
neural blockade (Vissing et al., 1997) do not decrease the vasoconstrictor response to
increased venous pressure, despite the fact that these methods should block release of all
sympathetic nerve terminal transmitters/co-transmitters, suggests that such effects are
unlikely to explain our findings.

Skin vasoconstrictor responses to limb dependency demonstrated no age- or limb-related
differences. Consistent with our data a previous study was unable to observe age-related
differences in leg cutaneous vasoconstrictor response to limb dependency (Moy et al., 1989).
Had a sympathetic mechanism been found to contribute importantly to responses during
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limb dependency, these responses likely would have been reduced, as aging is associated
with decreased cutaneous α-adrenergic responsiveness (Lang et al., 2010, Wilson et al.,
2004). Moreover, sympathetic blockade (protocol 2) should have blunted limb cutaneous
vasoconstrictor responses to limb dependency in both young and older adults, and it did not.
These findings are consistent with the observation that locally applied α-adrenergic
antagonists had no effect on cutaneous vasoconstrictor responses to forearm dependency
(Crandall et al., 2002). Combined, these results suggest sympathetic mechanisms are not
involved in cutaneous vasoconstrictor responses to limb dependency. One reason why early
studies may have observed an apparent sympathetic component to the cutaneous
vasoconstrictor response to limb dependency may relate to the fact that the locally
administered drug concentrations (Henriksen et al., 1983, Henriksen and Sejrsen, 1977,
Henriksen, 1976, Henriksen, 1977) were very high, resulting in effects mediated by receptor
types beyond that of the α-adrenergic receptors (Johnson, 2002).

It is possible that blood volume translocated from the thorax to the limb, during limb
dependency resulting in baroreflex-mediated increases in sympathetic outflow and thus
vascular resistance. However, several lines of evidence argue against this possibility. First,
we observed no tachycardia when the arm or leg was lowered into the dependent position.
Second, we observed no increase in thoracic impedance during any of the limb dependency
trials (i.e., during arm or leg dependency before or during sympathetic blockade) in young or
older adults. Thus, it is unlikely that the increases in vascular resistance index we observed
during the limb dependency trials were mediated by the baroreflexes.

There are a few limitations that deserve comment. First, limb blood flow per se was not
measured, but rather limb blood velocity was. As previous studies indicate that arterial
diameters in vessels of similar size/composition measured in the present study do not change
under numerous physiological conditions/stressors (Lott et al., 2002, Shoemaker et al.,
1996) the changes in mean blood velocity we measured should reflect changes in blood
flow. Second, vascular responses measured from the brachial and popliteal artery likely
involve contributions from tissues beyond skeletal muscle (e.g., skin, subcutaneous, and
bone). However, we believe that under the thermoneutral conditions our non-obese subjects
were tested under that a large percentage of the measured change refglects responses from
skeletal muscle. Third, systemic blockade may not affect the skin to the same extent as other
tissues because of lower basal blood flows. The fact that we locally heated the skin at the
measurement site should reduce some of this concern. Fourth, it is not possible to directly
quantify the stimulus for vasoconstriction other than to verify that all limbs were lowered
the same distance from heart level in all subjects. Thus, any observed effects, such as age- or
limb-related differences in the vasoconstrictor to limb dependency likely did not result from
a difference in input. Measures of intravenous pressure obtained near the sites of
vasoconstriction during limb dependency would help to confirm this. Lastly, measuring the
vasoconstrictor responses to bolus norepinephrine infusion may have provided better insight
into the degree of sympathetic blockade achieved as opposed to measuring the systemic
pressor response, which was shown to be largely but not entirely blocked.

In this study we have identified: 1) an augmented vasoconstrictor response to limb
dependency in the popliteal artery compared to the brachial artery in young adults, 2) an
impaired vasoconstrictor response to limb dependency in the popliteal artery of older
compared to young adults, 3) that cutaneous vasoconstrictor responses to limb dependency
do not exhibit age- or limb-related differences, and 4) that age- and limb-related differences
in the vasoconstrictor response to limb dependency do not appear to be sympathetically
mediated. Collectively, these findings suggest that age-, limb-, and possibly tissue-related
differences in the vasoconstrictor response to limb dependency exist in healthy humans that
are not sympathetically mediated. The functional role of this attenuated popliteal artery
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vasoconstrictor response to dependency in regards to both BP regulation and orthostatic
tolerance in the upright position remains to be determined.
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Figure 1.
Percent change (Δ) in limb and skin vascular resistance index (VR) in the arm (left panels)
and leg (right panels) of young and older adults in response to limb dependency. VR index
was calculated as mean arterial pressure/mean blood velocity (limb) or flux (skin).
Responses are presented as the percent change from the baseline position (limb at heart
level) to the dependent position (limb lowered 30 cm below heart level). Mean arterial
pressure was corrected to account for the hydrostatic pressure gradient created when the
limb was studied in the dependent position (mean arterial pressure in control limb at heart
level + 0.766 * 30 cm). Limb VR in the arm was assessed in the brachial artery and in the
leg in the popliteal artery. Skin VR in was assessed on the ventral aspect of the forearm
(arm) and calf (leg). Values are mean±SE.
* P<0.05 from baseline
† P<0.05 from response in arm (same age group)
‡ P<0.05 from response in young (same limb)
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Figure 2.
Percent change (Δ) in vascular resistance index in the arm (left panels) and leg (right panels)
of young (n=5) and older adults (n=5) in response to limb dependency. Data obtained before
(Pre) and during systemic sympathetic blockade (Post) are presented on both an individual
(open symbols) as well as mean basis (closed symbols; mean±SE). Indices of vascular
resistance were calculated as mean arterial pressure/mean blood velocity (limb) or flux
(skin). Responses are presented as the percent change in vascular resistance index from the
baseline (limb at heart level) to the dependent position (limb lowered 30 cm below heart
level). Mean arterial pressure was corrected to account for the hydrostatic pressure gradient
created when the limb was studied in the dependent position (mean arterial pressure in
control limb at heart level + 0.766 * 30 cm). Responses to limb dependency were not altered
by sympathetic blockade in young or older adults. Limb VR in the arm was assessed in the
brachial artery and in the leg in the popliteal artery. Skin VR in was assessed on the ventral
aspect of the forearm (arm) and calf (leg).
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Table 1

Subject characteristics

Protocol 1 Protocol 2

Young
(n=12)

Older
(n=12)

Young
(n=5)

Older
(n=5)

Sex 7 male / 5 female 6 male / 6 female 3 male / 2 female 3 male / 2 female

Age, years 25±3 66±7* 25±2 69±7*

Height, cm 175.9±10.4 173.2±6.9 182.9±3.6 175.6±4.3*

Body mass, kg 76.6±14.5 74.2±12.5 87.3±10.3 77.0±12.1

BMI, kg/m2 24.5±2.4 24.6±3.1 26.1±2.5 24.8±3.1

Systolic BP, mmHg 116±10 120±7 123±10 126±4

Diastolic BP, mmHg 66±3 73±7* 71±18 75±4

Mean BP, mmHg 86±3 90±3* 86±4 93±4

HR, beats/min 60±7 60±6.9 56±10 60±7

Values are mean±SD

BMI = body mass index; BP = arterial pressure; heart rate = HR

*
P < 0.05 compared to young
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Table 2

Responses to limb dependency (Protocol 1)

Arm Leg

Limb position Heart level Limb dependent Heart level Limb dependent

Young (n=12)

 HR, beats/min 61±2 61±2 63±2 61±2*

 Mean BP, mmHg 85±1 85±2 84±1 85±1

 Mean BP (corrected) 85±1 108±2 84±1 108±1

 Limb MBV, cm/sec 1.7±0.2 1.4±0.2* 1.3±0.1 0.9±0.1*

 Δ Limb MBV, cm/sec -- −0.3±0.1* -- −0.4±0.1*

 Limb VR index, au 61±10 95±15* 72±8 142±15*

 Δ Limb VR index, au -- 34±6* --
70±9*‡

 Skin flux, au 30.1±3.9 14.1±2.8* 25.7±3.8 10.0±1.9*

 Δ Skin flux, au -- −16.0±1.8* -- −15.7±2.3*

 Skin VR index, au 3.3±0.5 11.0±1.9* 4.5±1.0 14.7±2.1*

 Δ Skin VR index, au -- 7.7±1.5* -- 10.2±1.6*

Older (n=12)

 HR, beats/min 60±2 59±2
58±2

†
58±2

†

 Mean BP, mmHg
89±1

†
90±2

†
92±1

†
93±2

†

 Mean BP (corrected)
89±1

†
123±2

†
92±1

†
116±2

†

 Limb MBV, cm/sec 1.7±0.2 1.4±0.1* 1.2±0.10 0.9±0.1*

 Δ Limb MBV, cm/sec -- −0.3±0.1* --
−0.3±0.1*†

 Limb VR index, au 57±5 91±10* 86±9 136±13*

 Δ Limb VR index, au -- 34±7* --
50±6*†

 Skin flux, au 25.8±4.7 11.9±2.8*
18.4±2.6

† 6.9±0.7*

 Δ Skin flux, au -- −13.9±2.8* -- −11.5±2.3*

 Skin VR index, au 4.9±0.9 14.2±2.6* 6.1±0.7 18.4±1.7*

 Δ Skin VR index, au -- 9.2±2.1* -- 12.3±1.2*

Values are mean±SE; HR=heart rate; BP=arterial pressure; MBV=mean blood velocity; VR=vascular resistance index (mean BP/MBV or flux);

Mean BP (corrected) accounts for hydrostatic pressure effects (mean BP+(0.766*30cm)) when the limb was dependent (i.e., lowered below heart
level).

Limb responses were measured in the brachial (arm) and popliteal artery (leg). Skin responses were measured on the ventral aspect of the forearm
(arm) and calf (leg).

*
P<0.05 Δ from heart level

†
P<0.05 compared to young (same time point)

‡
compared to response in arm (same age group)
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Table 3

Responses to limb dependency before (Pre) and during systemic sympathetic blockade (Post) (Protocol 2)

Pre Post

Limb position Heart level Limb dependent Heart level Limb dependent

Young (n=5)

 Arm

 Thoracic impedance, Ω 34.3±4.8 33.8±4.7
31.8±5.5

† 31.4±5.3

 HR, beats/min 49±3 50±3 48±3 49±3

 Mean BP, mmHg 89±3 89±3
85±2

† 85±1

 Brachial MBV, cm/sec 1.6±0.4 1.3±0.4*
1.2±0.3

† 1.0±0.2*

 Brachial VR index, au 69±15 107±21* 83±18 120±19*

 Skin flux, au 21.1±3.5 12.1±2.3* 20.1±2.8 11.1±1.7*

 Skin VR index, au 4.7±0.8 10.8±2.1* 4.6±0.7 11.0±2.1*

 Leg

 Thoracic impedance, Ω 32.7±5.5 32.8±5.7
31.6±5.7

† 31.8±5.8

 HR, beats/min 51±4 51±4 49±3 50±3

 Mean BP, mmHg 88±3 89±3 84±2* 84±2

 Popliteal MBV, cm/sec 1.2±0.2 0.8±0.1* 1.2±0.2 0.8±0.1*

 Popliteal VR index, au 84±13 163±26* 78±12 149±20*

 Skin flux, au 14.3±3.6 5.8±1.5* 14.4±1.8 5.8±0.9*

 Skin VR index, au 7.9±1.9 23.5±4.6* 6.1±0.6 19.9±2.3*

Older (n=5)

 Arm

 Thoracic impedance, Ω 37.9±1.2 38.0±1.3
36.8±0.5

† 36.9±0.7

 HR, beats/min 58±3 58±4
55±2

† 56±2*

 Mean BP, mmHg 94±3 94±2
85±3

† 86±3

 Brachial MBV, cm/sec 1.6±0.2 1.5±0.3 1.3±0.2 1.3±0.2

 Brachial VR index, au 67±12 95±18* 69±9 90±14*

 Skin flux, au 18.6±3.9 10.7±2.3* 20.1±3.5 11.4±1.9*

 Skin VR index, au 6.8±2.3 16.5±6.9* 4.9±1.0 11.5±3.0*

 Leg

 Thoracic impedance, Ω 38.3±1.3 38.1±1.4 38.3±1.9 38.2±1.7

 HR, beats/min 58±3 58±3
56±2

† 57±2*

 Mean BP, mmHg 95±4 97±4
87±2

† 87±3

 Popliteal MBV, cm/sec 1.1±0.1 0.8±0.1* 1.0±0.1 0.7±0.1*

 Popliteal VR index, au 90±14 162±21* 91±11 154±15*

 Skin flux, au 11.2±3.0 5.3±1.5* 11.7±1.8 5.8±1.1*
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Pre Post

Limb position Heart level Limb dependent Heart level Limb dependent

 Skin VR index, au 12.9±4.8 35.5±14.5* 8.1±1.2 20.8±2.5*

Values are mean±SE; HR=heart rate; BP=arterial pressure; MBV=mean blood velocity; VR=vascular resistance index (mean BP/MBV or flux);

Mean BP was corrected to account for hydrostatic pressure effects (mean BP+(0.766*30cm)) when the limb was dependent.

*
P<0.05 Δ from heart level

†
P<0.05 compared to Pre (heart level)

‡
compared to response in arm (same age group)
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