
ORIGINAL RESEARCH

Compliance in the deep and superficial conduit veins of the
nonexercising arm is unaffected by short-term exercise
Anna Oue1 & Tomoko Sadamoto2

1 Faculty of Food and Nutritional Sciences, Toyo University, Gunma, Japan

2 Research Institute of Physical Fitness, Japan Women’s College of Physical Education, Tokyo, Japan

Keywords

Cuff deflation protocol, sympathoexcitation,

ultrasonography, venoconstriction.

Correspondence

Anna Oue, Faculty of Food and Nutritional

Sciences, Toyo University, 1-1-1 Izumino,

Itakura-machi, Ora-gun, Gunma 374-0193,

Japan.

Tel: +81 276 82 9145

Fax: +81 276 82 9000

E-mail: oue@toyo.jp

Funding Information

This research was supported in part by a

Grant-in-Aid for Scientific Research from the

Japanese Ministry of Education, Culture,

Sports, Science and Technology (No.

22700593 to A.O.).

Received: 14 February 2018; Revised: 2 May

2018; Accepted: 9 May 2018

doi: 10.14814/phy2.13724

Physiol Rep, 6 (11), 2018, e13724,

https://doi.org/10.14814/phy2.13724

Abstract

The effects of short-term dynamic and static exercise on compliance (CPL) in

a single conduit vein in the nonexercising limb are not fully understood,

although prolonged cycling exercise was found to produce a significant reduc-

tion of CPL in the veins. In this study, we investigated the cross-sectional area

(CSA) and CPL in the brachial (deep) and basilic (superficial) veins of the

nonexercising arm in 14 participants who performed a 5-min cycling exercise

at 35% and 70% of peak oxygen uptake (study 1) and in 11 participants who

performed a 2-min static handgrip exercise at 30% of maximal voluntary con-

traction (study 2). The CSA in the deep and superficial veins at rest and dur-

ing the final minute of exercise was measured by high-resolution

ultrasonography during a short-duration cuff deflation protocol. The CPL in

each vein was calculated as the numerical derivative of the cuff pressure and

CSA curve. During short-term dynamic and static exercise, there was no

change in CPL in either vein, but there was a decrease in CSA in both veins.

The simultaneous findings of unchanged CPL and decreased CSA suggest that

CPL during short-term exercise are independently controlled by the mecha-

nisms responsible for exercise-induced sympathoexcitation in both single

veins. Thus, short-term exercise does not alter CPL in both conduit superficial

and deep veins in nonexercising upper arm.

Introduction

The veins have high compliance (CPL), so the venous

component of the cardiovascular system plays an impor-

tant role as a blood reservoir, containing approximately

70% of the total blood volume at rest. Physiologic stres-

sors, such as exercise, orthostatic stress, and exposure to

heat, change venous capacitance (Drees and Rothe 1974;

Greenway et al. 1985), CPL, or both (Shoukas et al. 1981;

Monahan and Ray 2004), which could assist the shift of

blood from veins to the heart and maintain central blood

volume and blood pressure (Rothe 1983).

The CPL in a single conduit vein during exercise has

not been adequately examined, although we previously

found that prolonged dynamic cycling exercise produced

significantly decreased CPL and cross-sectional area

(CSA) in a single conduit vein in the nonexercising upper

arm (Oue et al. 2017). This was the first report of reduc-

tion in CPL at the level of a single conduit vein during

exercise, despite ample data for venous CPL in a whole

limb measured by venous occlusion plethysmography

(VOP) (Freeman et al. 2002; Monahan and Ray 2004;

Hernandez and Franke 2005; Young et al. 2006; Delaney

et al. 2008). From the simultaneous reductions in CSA
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and CPL during prolonged exercise seen in our previous

study (Oue et al. 2017), it was thought that the decrease

in CPL was induced by exercise-induced sympathoexcita-

tion (venoconstriction). However, the prolonged exercise

in the previous study (Oue et al. 2017) was accompanied

by a significant increase in core temperature. Since the

elevation of core temperature during passive heating was

known to be one of conceivable factors that altered CPL

(Tripathi et al. 1984), it was unclear in the previous study

whether exercise-induced sympathoexcitation per se or

the concomitant increase in core temperature caused the

reduction in CPL during prolonged exercise.

To understand better the CPL during exercise, it was

necessary to examine whether exercise-induced sympa-

thoexcitaion that does not produce a significant elevation

in core temperature leads to a reduction in CPL. Given

that core temperature does not change during 5-min

dynamic cycling exercise or during a 2-min static hand-

grip exercise (SHG) (Smolander et al. 1991; Crandall

et al. 1998; Kondo et al. 1998), these forms of short-term

exercise would be suitable for investigating the cause of

reduction of CPL during exercise. In addition, dynamic

cycling exercise with large muscle mass produces a greater

activation of sympathetic nerve activity (SNA) and plasma

norepinephrine concentration than SHG with small mus-

cle mass (Davies et al. 1974; Blomqvist et al. 1981), and

that high-intensity exercise induces a greater SNA and

norepinephrine than low-intensity exercise (Lewis et al.

1983, 1985). Since the degree of venconstriction in nonex-

ercising limb during short-term exercise depended on the

magnitude of exercise-induced sympathoexcitation (Row-

ell et al. 1971), venous CPL is also expected to be influ-

enced by the amplitude of activated SNA during exercise.

Thus, short-term exercise with different modes and inten-

sities would be suitable for determining the effect of exer-

cise-induced sympathoexcitation on CPL in the vein.

The large conduit veins in a limb are roughly divided

into two different types, deep and superficial. For example,

the veins in the arm are separated into deep veins (e.g., the

brachial vein), which run along the brachial artery beneath

the muscle tissue, and superficial veins (e.g., the basilic and

cephalic veins), which run beneath the cutaneous tissue

(Roddie et al. 1956). The deep veins contain less sympa-

thetic innervation than the superficial veins (Abdel-Sayed

et al. 1970). Given that the superficial and deep conduit

veins are not uniform anatomically or functionally, the

responses to sympathoexcitation during short-term

dynamic and static exercise might be different, thereby

leading to different CPL responses during exercise.

The aim of this study was to investigate the effects of a 5-

min dynamic cycling exercise at low and high intensities on

CPL (study 1) and the effects of 2-min SHG on CPL (study

2) in the superficial (basilic) vein and deep (brachial) vein in

the nonexercising upper limb. To assess CPL in a single con-

duit vein, the CSA of the deep vein and that of the superfi-

cial vein were measured by high-resolution ultrasonography

during the short-duration cuff deflation protocol devised by

Halliwill et al. (1999). This protocol was chosen because (1)

the methodology of the short cuff deflation protocol allows

an overall pressure–CSA curve to be generated without the

assumption that resting venous pressure is zero, as is

assumed when a cuff inflation protocol is used; (2) venous

CPL measurements during cuff deflation are minimally

influenced by capillary filtration when the duration of occlu-

sion is short (4–8 min); and (3) the methodology can be

used during sympathoexcitatory maneuvers. Ultrasonogra-

phy also allows the response of a single vein to be assessed.

A single vein seems to be less influenced by shifts of intersti-

tial fluid, so measurement of CPL by ultrasonography would

reflect the change in CPL in the vein itself rather than that

measured by VOP (de Groot et al. 2005). Moreover, several

other research groups have measured the CSA and CPL of a

single vein at rest using ultrasonography (de Groot et al.

2005; Young et al. 2008; Zachrisson et al. 2011; Leinan et al.

2015, 2016; Oue et al. 2017).

Materials and Methods

Subjects

Participants were 25 healthy volunteers (11 men, 14

women) who were instructed not to ingest caffeine for

24 h or food for 2 h before each experiment. Informed

consent was obtained from all participants after they had

received an explanation of the purpose, procedures, and

risks of the study. The study was approved by the Human

Ethics Committee of the Japan Women’s College of Phys-

ical Education and was conducted in accordance with the

tenets of the Declaration of Helsinki.

Study 1

In study 1, we investigated the response of CPL in the

superficial vein and deep vein of a resting upper limb dur-

ing cycling exercise. Fourteen healthy volunteers (4 men,

10 women) participated in this study. Their mean (�SD)

age, height, weight, and peak oxygen uptake ( _VO2peak)

were 21.4 � 2.7 years, 163.6 � 8.8 cm, 54.6 � 6.9 kg,

and 38.6 � 4.4 mL min-1 kg-1, respectively. All partici-

pants reported to the laboratory on three occasions.
_VO2peak was determined during incremental cycling

exercise during the first session and CPL was measured in

the superficial or deep vein during the second and third

sessions. Each experimental session was performed in a

thermoneutral environment (27.1°C � 0.4°C) to evaluate

CPL in each vein at rest and during dynamic exercise. After
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participants had rested in a seated position on a cycle

ergometer (StrengthErg, Mitsubishi Electric Engineering,

Co., Ltd., Tokyo, Japan) for at least 30 min, venous CPL

was measured at rest (REST1). Venous CPL was then

assessed during 5 min of cycling exercise at low intensity

(35% _VO2peak; EX35%) and at high intensity (70% _VO2peak;

EX70%), with each assessment separated by a 15–20-min

interval of quiet rest. In addition, exercise at both intensi-

ties was performed randomly. Measurements of each vein

were randomized between the second and third sessions.

Study 2

In study 2, we investigated the response of CPL in the super-

ficial vein and deep vein of a resting upper limb during

SHG. Eleven healthy volunteers (7 men, 4 women) with

mean age, height, and weight of 21.9 � 2.0 years,

166.9 � 9.2 cm, and 57.1 � 7.3 kg, respectively, partici-

pated in this study. They reported to the laboratory on two

occasions, one for measurement of CPL in the superficial

vein and the other for measurement of CPL in the deep vein.

Each experiment was performed in a thermoneutral envi-

ronment (26.2°C � 0.4°C) to evaluate CPL in each vein at

rest and during SHG as follows. After participant had rested

in the supine position for at least 20 min, venous CPL in the

left arm was measured in the resting condition (REST2) and

again during SHG at 30% maximal voluntary contraction

for 2 min. During all experiments, participants were

required to maintain a respiratory rate of 10–15 breaths per

min guided by a metronome. Measurements of each vein

were randomized between the first and second sessions.

Peak oxygen uptake

In study 1, _VO2peak was determined by an incremental

load exercise protocol (5–20 W min-1, pedaling frequency

60 rpm) using a cycle ergometer (StrengthErg, Mitsubishi

Electric Engineering). During the incremental load exer-

cise, ventilatory and gas exchange parameters were mea-

sured breath-by-breath using a mass spectrometer

(ARCO-1000, Arco System, Chiba, Japan). At least two of

the following criteria were used to evaluate _VO2peak: max-

imal or near-maximal values for rating of perceived exer-

tion; a respiratory gas exchange ratio >1.05; heart rate

(HR) within 10 bpm of the age-predicted maximal HR;

and inability to maintain a pedaling frequency of 50 rpm.

Venous CSA and CPL

The basilic vein was selected as the superficial vein and the

brachial vein as the deep vein. For CSA measurements

under all conditions in study 1 and study 2, the venous col-

lecting cuff was wrapped around the right upper arm and

inflated to 60 mmHg for 8 min. The cuff pressure was then

manually reduced over a 1-min period at a rate of

1 mmHg sec-1 from 60 mmHg to 0 mmHg according to

the cuff deflation protocol described previously (Halliwill

et al. 1999). In study 1, during EX35% and EX70%, partici-

pants performed cycling exercise at 35% _VO2peak or 70% _V

O2peak starting after 4 min of cuff inflation and stopping at

the end of deflation (total exercise time, 5 min). In study 2,

participants performed SHG starting after 7 min of cuff

inflation and stopping at the end of deflation (total exercise

time, 2 min). During cuff deflation, transverse scans of the

deep and superficial veins were obtained 5–6 cm proximal

from the right elbow in the resting arm by high-resolution

B-mode ultrasonography (Vivid e, GE Healthcare, Japan)

equipped with a linear-array transducer with a mean trans-

mission frequency of 8.7 MHz. The CSA was calculated by

manually tracing the edge of the transverse venous image at

4-sec intervals (4 mmHg). The relationship between cuff

pressure and CSA (i.e., the pressure–CSA curve) was gener-

ated from the datum points between 60 mmHg and

10 mmHg during the cuff deflation protocol. To avoid any

a priori assumption regarding the pressure (P)–CSA curve

and obtain the physiologic CPL curve, CPL was calculated

as the numerical derivative of each pair of pressure–CSA
datum points with the following equation (Freeman et al.

2002; Oue et al. 2017).

CPLPi ¼ CSAPi � CSAPi�1

Pi � Pi�1
where 1 � i � 60

The coefficient of variation (CV) for repeated measure-

ments of baseline CSA was 4.2 � 0.6% in the superficial

vein and 5.8 � 0.9% in the deep vein in study 1 and

2.2 � 0.3% in the superficial vein and 6.7 � 0.8% in the

deep vein in study 2.

Circulatory variables

In both studies, mean arterial pressure (MAP) was mea-

sured noninvasively using photoelectric plethysmography

with a Finometer (Finapres Medical Systems BV, Arnhem,

Netherlands), which was calibrated with upper cuff and

height adjustment. Furthermore, HR and stroke volume,

hence cardiac output (CO), were determined from the

blood pressure waveform using the Modelflow software

program (BeatScope 1.1, Finapres Medical Systems BV,

Amhem, Netherlands), which takes into account the par-

ticipant’s sex, age, height, and weight.

Statistical analysis

In study 1, MAP, HR, and CO values from 1 to 3 min

were averaged during cuff inflation as the baseline data

and during cuff deflation as the exercise data. In study 2,
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the same values from 5 to 7 min during cuff inflation were

averaged as the baseline data and during cuff deflation as

the exercise data. The relative change in SV and CO during

cuff deflation was then calculated from the baseline data as

a percentage. In both studies, MAP, HR, and CO values

were similar in the deep and superficial veins in all partici-

pants, so the average values on two occasions were consid-

ered representative for each variable.

To compare the changes with cuff pressure between rest

and exercise, two-way analysis of variance (ANOVA) with

repeated measures was applied to the CSA and CPL

obtained by a cuff pressure of 10–60 mmHg under each

condition (rest and exercise), using cuff pressure and condi-

tion as fixed factors. If a main effect of condition and/or

interaction was detected, post hoc analysis with a Bonfer-

roni test was performed every 4 mmHg in study 1. If a main

effect of condition and/or interaction was detected, post hoc

analysis with a paired t-test was performed every 4 mmHg

in study 2. Intraclass correlation coefficients and the CV

were used to determine the reproducibility of the CSA and

CPL in the superficial and deep veins as assessed by ultra-

sonography. The CV was calculated as the SD divided by

the mean and multiplied by 100%. CVs were determined

for the absolute CSA and CPL of each vein at the different

cuff pressures. For biological variables, CV < 10% is consid-

ered good and CV < 20% is considered acceptable (Scott

et al. 1989). Statistical significance was set at P < 0.05. All

data are presented as the mean � SE of the mean.

Results

In study 1, MAP, HR, and CO increased significantly dur-

ing dynamic cycling exercise in accordance with increas-

ing exercise intensity (Table 1). Compared with REST1,

the rate of increase in MAP and HR during EX35% was

113.4 � 2.2% and 153.7 � 3.1%, respectively, and that in

MAP and HR during EX70% was 137.8 � 4.3% and

226.5 � 6.0%, respectively.

Figure 1 shows the effects of dynamic exercise on CSA

(CSAsup and CSAdeep) and CPL (CPLsup and CPLdeep) in

each vein. In both veins, the cuff pressure–CSA curve

shifted downwards during dynamic exercise compared

with the resting condition (Fig. 1A and C). ANOVA

yielded a significant condition effect (P < 0.01), and the

post hoc test showed a significant difference in mean

CSAsup between REST1 and EX35%, between REST1 and

EX70%, and between EX35% and EX70% at all cuff pres-

sures (P < 0.05), as well as a significant difference in

mean CSAdeep between REST1 and EX35% and between

REST1 and EX70% at all cuff pressures (P < 0.05).

ANOVA yielded a significant effect of condition

(P < 0.05) on the cuff pressure–CPLsup relationship

(Fig. 1B), but a post hoc test failed to show significant

difference in mean CPLsup between rest and exercise.

CPLdeep was not altered by dynamic exercise (Fig. 1D).

In study 2, SHG caused significant increases in MAP,

HR, and CO (Table 2). Compared with REST2, the rate

of increase in MAP and HR in SHG was 119.4 � 1.8%

and 115.8 � 2.0%, respectively.

Figure 2 shows the effects of static exercise on CSA and

CPL in each vein. Both CSAsup and CSAdeep curves were

decreased during SHG compared with REST2 (P < 0.05,

Fig. 2A and C). However, cuff pressure–CPLsup relation-

ship and cuff pressure–CPLdeep relationship was not chan-

ged by SHG (Fig. 2B and D).

Discussion

The primary findings of this study were that dynamic

exercise at low and high intensities and static exercise

induced parallel downward shifts of the cuff pressure–
CSA curve in both the superficial and deep veins and that

neither dynamic exercise nor static exercise changed the

cuff pressure–CPL relationship in either vein. The simul-

taneous occurrence of reduced CSA and unchanged CPL

suggests that CPL during short-term exercise were inde-

pendently controlled by the mechanisms responsible for

the reduced CSA, that is, exercise-induced sympathoexci-

tation, in conduit superficial and deep veins in the nonex-

ercising limb.

Measurement of venous CPL using
ultrasonography and a short cuff deflation
protocol

Our rationale for investigating the effects of exercise on

CPL at the single vein level using ultrasonography was that

a single vein is less likely to be influenced by the vascular

changes that typically occur during exercise (e.g., changes

in muscle mass and interstitial fluid shifts). Therefore, mea-

surement of CPL at the single vein level would reflect the

change in CPL in the vein itself rather than changes in CPL

at the whole limb level when measured by VOP (de Groot

et al. 2005). We used the short-duration cuff deflation

Table 1. Mean arterial pressure (MAP), heart rate (HR), and car-

diac output (CO) during REST1, EX35%, and EX70%.

REST1 EX35% EX70%

MAP, mmHg 80 � 2 90 � 21 110 � 31,2

HR, bpm 68 � 3 103 � 21 151 � 612

CO, % 100.9 � 0.8 196.0 � 7.11 328.4 � 15.01,2

Values represent the means � SE.
1

P < 0.05, significant difference from REST1.
2

P < 0.05, significant difference from EX35%.
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protocol validated by Halliwill et al. (1999). This protocol

considers that resting venous pressure is not equal to zero

and therefore allows assessment of venous CPL during

short-term sympathoexcitatory maneuvers with small hys-

teresis. The effects of sympathoexcitation (cold pressor test

and postexercise muscle ischemia) on venous CPL have

already been investigated using a short cuff deflation proto-

col (Monahan and Ray 2004; Young et al. 2006, 2008; Dela-

ney et al. 2008). In addition, we assessed reproducibility to

confirm the validity of using ultrasonography during a

short cuff deflation protocol. The CV for CSA at baseline

REST1
EX35%
EX70%

*************

††††††††††††
†

‡‡‡‡‡‡‡‡‡‡‡
‡

‡ Condition: P < 0.05
Cuff pressure: P < 0.05
Interaction: P < 0.05

*********
*

*
*

*

†††††††††
†

†
†

†

Condition: P < 0.05
Cuff pressure: P < 0.05
Interaction: P > 0.05

REST1
EX35%
EX70%

Condition: P < 0.05
Cuff pressure: P < 0.05
Interaction: P > 0.05

Condition: P > 0.05
Cuff pressure: P < 0.05
Interaction: P > 0.05

A C

B D

Figure 1. Relationship of cuff pressure–cross-sectional area (CSA) and cuff pressure–compliance (CPL) of a superficial vein and a deep vein

during the resting condition (REST1) and during dynamic cycling exercise at 35%( _V )O2peak (EX35%) and 70%( _V )O2peak (EX70%). Values are

mean � SE. *P < 0.05, significant difference between REST1 and EX35%, †P < 0.05, significant difference between REST1 and EX70%,
‡P < 0.05, significant difference between EX35% and EX70%.

Table 2. Mean arterial pressure (MAP), heart rate (HR), and car-

diac output (CO) during REST2, and SHG.

REST2 SHG

MAP, mmHg 78 � 2 93 � 31

HR, bpm 64 � 2 74 � 31

CO, % 99.2 � 0.7 111.9 � 4.41

Values represent the means � SE.
1

P < 0.05, significant difference between REST2 and SHG.
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and during exercise (1.2–6.0% in the superficial vein and

0.5–4.8% in the deep vein) was less than 10% and similar

to our previously reported data for the basilic vein (Ooue

et al. 2013) and other studies of the popliteal vein (de

Groot et al. 2005). In addition, the intraclass correlation

coefficients for the CSA and CPL of the two veins at base-

line and during exercise were more than 0.93, respectively,

which is consistent with another study reporting an intra-

class correlation coefficient of 0.92 for baseline venous CPL

assessed by ultrasonography (Young et al. 2008). Thus,

using ultrasonography during a short cuff deflation proto-

col seems to be appropriate for investigating the effects of

exercise on CPL at the level of the vein itself.

Decreased CSA in the superficial and deep
veins during dynamic and static exercise

In this study, both dynamic and static exercise produced

a downward shift of the cuff pressure–CSA curves for the

superficial and deep veins from the resting level. The

reduction in CSA during dynamic and static exercise was

similarly observed in our previous studies using the same

ultrasonography technique to assess a basilic vein during

cycling exercise (Ooue et al. 2008) and static exercise

(Ooue et al. 2012, 2013). This is also in line with earlier

research assessing venous capacitance of a whole limb by

VOP during dynamic exercise (Beveg�ard and Shepherd

REST2
SHG

REST2
SHG

************
*

*************

Condition: P < 0.05
Cuff pressure: P < 0.05
Interaction: P > 0.05

Condition: P > 0.05
Cuff pressure: P < 0.05
Interaction: P > 0.05

Condition: P < 0.05
Cuff pressure: P < 0.05
Interaction: P > 0.05

Condition: P > 0.05
Cuff pressure: P < 0.05
Interaction: P > 0.05

A C

B D

Figure 2. Relationship of cuff pressure–cross-sectional area (CSA) and cuff pressure–compliance (CPL) of a superficial vein and a deep vein

during the resting condition (REST2) and static handgrip exercise (SHG). Values are mean � SE.*P < 0.05, significant difference between REST2

and SHG.
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1965, 1966; Zelis and Mason 1969; Rowell et al. 1971;

Duprez et al. 1992) and the change in venous pressure as

an index of venoconstriction during static exercise (Lor-

entsen 1975). The reduced CSA during exercise in the

present study was probably attributable to exercise-

induced sympathoexcitation via neural innervation from

central command (Ooue et al. 2012) and from exercising

muscle (mechanoreceptors and metaboreceptors) (Duprez

et al. 1992; Ooue et al. 2013) and/or an indirect action of

circulating norepinephrine, given that the peripheral

venous system is richly innervated by sympathetic fibers

(Abdel-Sayed et al. 1970; Vanhoutte and Lorenz 1970;

Streeten 1990; Linder et al. 1996). Indeed, higher loads of

dynamic exercise (up to 70–75% of _VO2peak) targeting

large muscle groups, such as cycling, are known to bring

about significant increases in cutaneous vasoconstriction

(Taylor et al. 1988, 1990; Johnson 1992; Yanagimoto

et al. 2003), SNA in muscle (Saito et al. 1993; Saito and

Nakamura 1995), and plasma norepinephrine concentra-

tions (Christensen and Brandsborg 1973; Lehmann et al.

1985; Mazzeo and Marshall 1989). In addition, SHG has

been reported to induce an increase in SNA in muscle

(Saito et al. 1986, 1990; Seals 1989). Based on these con-

siderations, the decrease in CSA in the superficial and

deep veins in our study was probably caused by exercise-

induced sympathoexcitation. However, we cannot exclude

the effect of passive collapse and/or depression in

response to the decrease in pressure (€Oberg 1967; Noble

et al. 1998) on the decreased CSA of these veins.

Unchanged CPL in both superficial and deep
veins with simultaneous reduction of CSA
during dynamic and static exercise

From the simultaneous reductions in CSA and CPL dur-

ing prolonged exercise in our previous study (Oue et al.

2017), we hypothesized that a decrease in CSA would

induce a parallel decrease in CPL probably due to exer-

cise-induced sympathoexcitation (venoconstriction). Simi-

larly, we hypothesized that CPL during short-term

exercise would also vary according to different modes and

intensity of exercise (Lewis et al. 1983, 1985). The

increases in HR, MAP, and CO during exercise in the

present data varied between EX35%, EX70%, and SHG in

parallel with the decrease in CSA indicating that different

levels of sympathoexcitation were actually provided in the

present experiments. However, there was no significant

change in CPL during short-term dynamic or static exer-

cise from the resting level, and the CPL was almost iden-

tical even though exercise mode and intensity were

different. Based on these results, it seems likely that the

exercise-induced sympathoexcitation was not an essential

determinant for CPL during short-term exercise in

conduit deep and superficial veins. One possible explana-

tion for the unchanged CPL is that the sympathetic veno-

constriction induced by short-term exercise was not

sufficient to alter the wall tension in either conduit vein

in the nonexercising limbs. This finding is consistent with

previous studies, using VOP, that sympathoexcitation

during postexercise muscle ischemia (Halliwill et al. 1999;

Delaney et al. 2008) and after administration of nore-

pinephrine (Greenway et al. 1985) resulted in unchanged

CPL but caused decreased venous volume. Another possi-

ble explanation is that the reduction in CSA masked or

compensated for a possible decrease in CPL induced by

sympathetic venoconstriction during short-term exercise,

given that the tension-length relationship is known to be

true in terms of the relationship between venous wall ten-

sion and vein diameter (Rothe 1983). From these previ-

ous data and our present findings, we speculate that

adjustments of CPL during short-term exercise might be

regulated independently of the mechanisms involved in

sympathetic venoconstriction.

Limitations

This study has some limitations. First, we did not control

for stages of the menstrual cycle in our female subjects.

However, measurements of venous CPL in the superficial

and deep veins were separated by an interval of less than

3 days, meaning that the comparison between the veins

would have been in the same luteal or follicular phase of

the menstrual cycle. Therefore, we believe that lack of

adjustment for the menstrual cycle would not have influ-

ence our results. Second, we did not measure SNA or

venous pressure directly and no mechanistic investigation

was performed. Thus, we cannot completely separate the

decreased CSA of the veins into active venoconstriction

attributable to sympathoexcitation and passive collapse

and/or depression caused by decreased pressure. These

limitations need to be addressed in future studies.

Conclusion

In this study, neither short-term dynamic exercise nor

static exercise changed CPL in a superficial vein or a deep

vein in spite of a decrease in CSA in both veins. These

results suggest that CPL during short-term exercise are

independently controlled by the mechanisms responsible

for exercise-induced sympathoexcitation in both conduit

superficial and deep veins in the nonexercising upper

arm.

Acknowledgments

We thank the participants who volunteered for this study.

ª 2018 The Authors. Physiological Reports published by Wiley Periodicals, Inc. on behalf of
The Physiological Society and the American Physiological Society.

2018 | Vol. 6 | Iss. 11 | e13724
Page 7

A. Oue and T. Sadamoto Response of Compliance In Single Vein To Exercise



Conflict of Interest

The authors have no financial conflicts of interest to

declare.

References

Abdel-Sayed, W. A., F. M. Abboud, and D. R. Ballard. 1970.

Contribution of venous resistance to total vascular resistance

in skeletal muscle. Am. J. Physiol. 218:1291–1295.

Beveg�ard, B. S., and J. T. Shepherd. 1965. Changes in

tone of limb veins during supine exercise. J. Appl. Physiol.

20:1–8.

Beveg�ard, B. S., and J. T. Shepherd. 1966. Reaction in man of

resistance and capacity vessels in forearm and hand to led

exercise. J. Appl. Physiol. 21:123–132.
Blomqvist, C. G., S. F. Lewis, W. F. Taylor, and R. M.

Graham. 1981. Similarity of the hemodynamic responses to

static and dynamic exercise of small muscle groups. Circ.

Res. 48:I87–I92.
Christensen, N. J., and O. Brandsborg. 1973. The

relationship between plasma catecholamine concentration

and pulse rate during exercise and standing. Eur. J. Clin.

Invest. 3:299–306.
Crandall, C. G., D. P. Stephens, and J. M. Johnson. 1998.

Muscle metaboreceptor modulation of cutaneous active

vasodilation. Med. Sci. Sports Exerc. 30:490–496.

Davies, C. T. M., J. Few, K. G. Foster, and A. J. Sargeant.

1974. Plasma catecholamine concentration during dynamic

exercise involving different muscle groups. Eur. J. Appl.

Physiol. 32:195–206.

Delaney, E. P., C. N. Young, A. Disabatino, M. E. Stillabower,

and W. B. Farquhar. 2008. Limb venous tone and

responsiveness in hypertensive humans. J. Appl. Physiol.

105:894–901.

Drees, J. A., and C. F. Rothe. 1974. Reflex venoconstriction

and capacity vessel pressure-volume relationships in dogs.

Circ. Res. 34:360–373.
Duprez, D. A., M. de Buyzere, J. M. de Sutter, S. A. Deman,

N. Y. de Pue, and D. L. Clement. 1992. Venous responses to

rhythmic exercise in contralateral forearm and calf. Eur. J.

Appl. Physiol. Occup. Physiol. 65:94–98.
Freeman, R., V. Lirofonis, W. B. Farquhar, and M. Risk. 2002.

Limb venous compliance in patients with idiopathic

orthostatic intolerance and postural tachycardia. J. Appl.

Physiol. 93:636–644.
Greenway, C. V., K. L. Seaman, and I. R. Innes. 1985.

Norepinephrine on venous compliance and unstressed

volume in cat liver. Am. J. Physiol. 248:H468–H476.

de Groot, P. C., M. W. Bleeker, and M. T. Hopman. 2005.

Ultrasound: a reproducible method to measure conduit vein

compliance. J. Appl. Physiol. 104:1374–1380.

Halliwill, J. R., C. T. Minson, and M. J. Joyner. 1999.

Measurement of limb venous compliance in humans:

technical considerations and physiological findings. J. Appl.

Physiol. 87:1555–1563.

Hernandez, J. P., and W. D. Franke. 2005. Effects of a 6-mo

endurance-training program on venous compliance and

maximal lower body negative pressure in older men and

women. J. Appl. Physiol. 99:1070–1077.
Johnson, J. M. 1992. Exercise and the cutaneous circulation.

Exerc. Sport Sci. Rev. 20:59–97.
Kondo, N., S. Takano, K. Aoki, M. Shibasaki, H. Tominaga,

and Y. Inoue. 1998. Regional differences in the effect of

exercise intensity on thermoregulatory sweating and

cutaneous vasodilation. Acta Physiol. Scand. 164:71–78.
Lehmann, M., P. Schmid, and J. Keul. 1985. Plasma

catecholamine and blood lactate cumulation during

incremental exhaustive exercise. Int. J. Sports Med. 6:78–81.

Leinan, I. M., Ø. Grønnevik, A. Støylen, U. Wisløff, and T.

Karlsen. 2015. A cross sectional study of arm venous

compliance in fit healthy subjects. J. Cardiovasc. Res. 1:2.

Leinan, I. M., I. L. Aamot, A. Støylen, T. Karlsen, and U.

Wisløff. 2016. Upper arm venous compliance and fitness in

stable coronary artery disease patients and healthy controls.

Clin. Physiol. Funct. Imaging 36:427–435.
Lewis, S. F., W. F. Taylor, R. M. Graham, W. A. Pettinger, J.

E. Schutte, and C. G. Blomqvist. 1983. Cardiovascular

responses to exercise as functions of absolute and relative

work load. J. Appl. Physiol. Respir. Environ. Exerc. Physiol.

54:1314–1323.

Lewis, S. F., P. G. Snell, W. F. Taylor, M. Hamra, R. M.

Graham, W. A. Pettinger, et al. 1985. Role of muscle mass

and mode of contraction in circulatory responses to

exercise. J. Appl. Physiol. 58:146–151.

Linder, L., B. M. Lautenschlager, and W. E. Haefeli. 1996.

Subconstrictor doses of neuropeptide Y potentiate alpha 1-

adrenergic venoconstriction in vivo. Hypertension 28:483–487.
Lorentsen, E. 1975. The venomotor response to static muscular

exercise. Scand. J. Clin. Lab. Invest. 35:789–794.
Mazzeo, R. S., and P. Marshall. 1989. Influence of plasma

catecholamines on the lactate threshold during graded

exercise. J. Appl. Physiol. 67:1319–1322.
Monahan, K. D., and C. A. Ray. 2004. Gender affects calf

venous compliance at rest and during baroreceptor

unloading in humans. Am. J. Physiol. Heart Circ. Physiol.

286:H895–H901.

Noble, B. J., M. J. Drinkhill, D. S. Myers, and R. Hainsworth.

1998. Reflex control of splanchnic blood volume in

anaesthetized dogs. J. Physiol. 513:263–272.
€Oberg, B. 1967. The relationship between active constriction

and passive recoil of the veins at various distending

pressures. Acta Physiol. Scand. 71:233–247.
Ooue, A., T. K. Ichinose, Y. Inoue, T. Nishiyasu, S. Koga, and

N. Kondo. 2008. Changes in blood flow in conduit artery

and veins of the upper arm during leg exercise in humans.

Eur. J. Appl. Physiol. 103:367–373.

2018 | Vol. 6 | Iss. 11 | e13724
Page 8

ª 2018 The Authors. Physiological Reports published by Wiley Periodicals, Inc. on behalf of

The Physiological Society and the American Physiological Society.

Response of Compliance In Single Vein To Exercise A. Oue and T. Sadamoto



Ooue, A., K. Sato, A. Hirasawa, and T. Sadamoto. 2012.

Tendon vibration attenuates superficial venous vessel

response of the resting limb during static arm exercise. J.

Physiol. Anthropol. 31:29.

Ooue, A., K. Sato, A. Hirasawa, and T. Sadamoto. 2013.

Superficial venous vascular response of the resting limb

during static exercise and post-exercise muscle ischemia.

Appl. Physiol. Nutr. Metab. 38:941–946.
Oue, A., K. Sato, M. Yoneya, and T. Sadamoto. 2017.

Decreased compliance in the deep and superficial conduit

veins of the upper arm during prolonged cycling exercise.

Physiol. Rep. 5:e13253.

Roddie, I. C., J. T. Shepherd, and R. F. Whelan. 1956.

Evidence from venous oxygen saturation measurements that

the increase in forearm blood flow during body heating is

confined to the skin. J. Physiol. 134:444–450.
Rothe, C. F. 1983. Venous system: physiology of the

capacitance vessels. In J. T. Shephard, F. M. Abbound, eds.

Handbook of Physiology: the cardiovascular System III

Waverly Press, Baltimore.

Rowell, L. B., G. L. Brengelmann, J. M. Detry, and C. Wyss.

1971. Venomotor responses to rapid changes in skin

temperature in exercising man. J. Appl. Physiol. 30:64–71.

Saito, M., and Y. Nakamura. 1995. Cardiac autonomic control

and muscle sympathetic nerve activity during dynamic

exercise. Jpn. J. Physiol. 45:961–977.
Saito, M., T. Mano, H. Abe, and S. Iwase. 1986. Responses in

muscle sympathetic nerve activity to sustained hand-grips of

different tensions in humans. Eur. J. Appl. Physiol. Occup.

Physiol. 55:493–498.
Saito, M., M. Naito, and T. Mano. 1990. Different responses

in skin and muscle sympathetic nerve activity to static

muscle contraction. J. Appl. Physiol. 69:2085–2090.

Saito, M., A. Tsukanaka, D. Yanagihara, and T. Mano. 1993.

Muscle sympathetic nerve responses to graded leg cycling. J.

Appl. Physiol. 75:663–667.
Scott, M. J., P. H. Randolph, and C. V. Leier. 1989.

Reproducibility of systolic and diastolic time intervals in

normal humans: an important issue in clinical

cardiovascular pharmacology. J. Cardiovasc. Pharmacol.

13:125–130.
Seals, D. R. 1989. Sympathetic neural discharge and vascular

resistance during exercise in humans. J. Appl. Physiol.

66:2472–2478.

Shoukas, A. A., C. L. MacAnespie, M. J. Brunner, and L.

Watermeier. 1981. The importance of the spleen in blood

volume shifts of the systemic vascular bed caused by the

carotid sinus baroreceptor reflex in the dog. Circ. Res.

49:759–766.
Smolander, J., J. Saalo, and O. Korhonen. 1991. Effect of work

load on cutaneous vascular response to exercise. J. Appl.

Physiol. 71:1614–1619.
Streeten, D. H. 1990. Pathogenesis of hyperadrenergic

orthostatic hypotension. Evidence of disordered venous

innervation exclusively in the lower limbs. J. Clin. Invest.

86:1582–1588.
Taylor, W. F., J. M. Johnson, W. A. Kosiba, and C. M. Kwan.

1988. Graded cutaneous vascular responses to dynamic leg

exercise. J. Appl. Physiol. 64:1803–1809.

Taylor, W. F., J. M. Johnson, and W. A. Kosiba. 1990. Roles of

absolute and relative load in skin vasoconstrictor responses

to exercise. J. Appl. Physiol. 69:1131–1136.
Tripathi, A., X. Shi, C. B. Wenger, and E. R. Nadel. 1984.

Effect of temperature and baroreceptor stimulation on reflex

venomotor responses. J. Appl. Physiol. 57:1384–1392.

Vanhoutte, P. M., and R. R. Lorenz. 1970. Effect of

temperature on reactivity of saphenous, mesenteric, and

femoral veins of the dog. Am. J. Physiol. 218:1746–
1750.

Yanagimoto, S., T. Kuwahara, Y. Zhang, S. Koga, Y. Inoue,

and N. Kondo. 2003. Intensity-dependent thermoregulatory

responses at the onset of dynamic exercise in mildly heated

humans. Am. J. Physiol. Regul. Integr. Comp. Physiol. 285:

R200–R207.
Young, C. N., M. E. Stillabower, A. DiSabatino, and W. B.

Farquhar. 2006. Venous smooth muscle tone and

responsiveness in older adults. J. Appl. Physiol. 101:1362–

1367.

Young, C. N., R. Y. Prasad, A. M. Fullenkamp, M. E.

Stillbower, W. B. Farquhar, and D. G. Edwards. 2008.

Ultrasound assessment of popliteal vein compliance during

a short deflation protocol. J. Appl. Physiol. 104:1374–
1380.

Zachrisson, H., M. Lindenberger, D. Hallman, M. Ekman, D.

Neider, and T. L€anne. 2011. Diameter and compliance of

the greater saphenous vein - effect of age and nitroglycerine.

Clin. Physiol. Funct. Imaging 31:300–306.
Zelis, R., and D. T. Mason. 1969. Comparison of the reflex

reactivity of skin and muscle veins in the human forearm. J.

Clin. Invest. 48:1870–1877.

ª 2018 The Authors. Physiological Reports published by Wiley Periodicals, Inc. on behalf of
The Physiological Society and the American Physiological Society.

2018 | Vol. 6 | Iss. 11 | e13724
Page 9

A. Oue and T. Sadamoto Response of Compliance In Single Vein To Exercise


