Effects of Lower Body Negative Pressure on
Vascular Responses in the Upper Extremity
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Figl. Lower body negative pressure (LBNP) device. The
lower body of the supine subject is enclosed.
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Fig2. Protocol for Experiment I. Finger blood flow (Q)was
measured every 30-sec and forearm Q. and venous
distensibility (Va) were measured every 2-min. Vertical bars
indicate times of measurements. For finger Q, data of 4
individual measurements were averaged and plotted as grand
X of values during 2 min. Time 0 indicates the start of LBNP.
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Fig3. Diagrammatic representation of finger or forearm
volume change by venous occlusion. When venous occlusion
is made, the volume increases. The rate of volume increase
(the slope of the tangent line to the plethysmographic trace) is
proportioned to Q. The volume stops to increase and
maintains at a higher constant level some 30 sec after the start
of venous occlusion. The volume difference between this
higher level and that at no occlusion pressure (V) denotes
venous distensibility (Vs).

IE5%, A/DEWBEAL, F 7Y L, FOFHHEEL
TEbLAZ, F—& =k, A/DEHE (ADC12IB, &Rz >
bo— LS, SR 2ALTA—-VF LIy Ea—5— (PC
9801VX, NEC, HID) &4 ¥ 94 Y AN &€, IEHB LU
WEEEAI (&, HEVMEZT (MPV-7101, HAYXE) T1 0%
WE L7,

I. EROM/NMEEEMDEVIC L 2 RISOEEROB

1. Wb

R DR AR T (Flh, 23.2 + 15 ¥R, 1692 £
28 cm ; A&, 664 = 4.6 kg) 12, EERI COHE LFEEE, %
BoHBEFIE, o nwI el F o@mL, AExH
THLBBEIZ LT bl

2. KEFIH

WEREIL, Ta28C, HIAHBE40% D ATREEMIZER ]
ERUEICEBIRETAEL, WEETORER, LBNPH
FEEBRICUBA T T RS2 AN Z300HOLH -
TRERERMG L. LBNPAMER O 5 5B RGO RE %
L7:%, —11 mmHgd 53 — 22 mmHg O AT WEE
T5 M LBNPEM ATV, FOBRBUENRLZ LTS 0HO%
HEfRo /o,

3. fliE

FREFBMOMKBELHIRMES L FAETI 74— EL—
F— Ry 75 —MmiEfEEE (ALF 2100, 7 K32 R, EKN)
FHOWTEE L., ST, —AoEICHO2REREN
ERER ML VP —VIC Lo T30 L HOHEETQRIE
L7, L—#—Fvy 75— 2k 50k E (laser Doppler flow,
IDF) &, MUFROFROFEMEN LZL-F—FvTF
— MR EE T O WS & e (SR6312, FEBMlEE, HE)

A
g 1r
3
o
e Of
)
o
=
g2 ar
[3]
&
s 2=
|7LBNP-30mmHg
L 1 1 1 ]
B
g 1r
3
g
g Or
[}]
o
&
5 -ir
S
> QL
8_
3
E
= 6
£
(=]
o
= 4r
E
N
2L

L BNP -30mmHg J
1 1

-10 0 10 20 30 40 50

Time (min)

Figd.  Changes in finger volume (Vo) (A) and forearm volume
(V) and blood flow (Q) measured by venous occlusion
plethysmography (B) by LBNP at — 30 mmHg in one subject.
Time 0 indicates the start of LBNP. Ambient temperature was
25C.
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Fig5. Changes in venous distensibility (V) of the finger (A)
and the forearm (B) by LBNP at — 30 mmHg in one subject.
Explanations are the same as in Fig. 4.
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Fig6. Forearm blood flow (Q) and venous distensibility (Vi) with (O) and without (@) LBNP at — 30 mmHg at 3 different ambient
temperatures (Ts). Values are X & SEM (n =5). %, p<0.05 between the values with and without LBNP. *, p<0.05-between the values at T:
30C and 20 C.
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Fig7. Effects of LBNP at — 11 mmHg for 5 min on finger (A) and forearm (B) blood flow (Q) measured by venous occlusion
plethysmography (venous occlusion) and blood flow (LDF) measured by laser Doppler velocimetry (Laser Doppler) in 9 subjects. LBNP
was applied during the periods between 5 and 10 min. LDFs are arbitrary. Values areX & SEM (n = 9). *, significantly different from pre-
LBNP value (p<0.05).




TREBREREROMKBRE 477

G B ICEREHRE &Y, FYISA -2 HWTI0HEDT #BEITHL BRNEMOELEEL L, FA2L0BLE%T
—HELTavEa—F— AN LTk BITRE, 8 #FbhL7). FHTLHB TS, LBNPEMIC L Y ZOERITE
Bl RN S APRA ML Y- ViItkoTQ%, WELIRAL, 20BPCPLAFEENEZRTLIONERE LT
7 IDFIIASER P LU F — Va3 E v IS EVWEZ RS, BFMFIRL L LICHBUTREIIEMNL, dtol
CEELEETFORANER U EEMK EIGERER S, 0% ANV EE L. QI LBNPEMERABICHL L, +0%E
SLABOFETIONEOT—F L LTRDZ., FH Lk BHEMIIR LD O0EMKE LTRW LNV 2EL, BEFER
DQOKDFIERI OECHELZ LD LA L TH -7z, Bl —N— 2= PR THIN L%, BURENOLAR
B THRZEE L2, HROFHHFER, EBI OETE VEIDRBIZED, #0#%G4 ICEETAERZRL.
HLIBE)TH S, K5, ZOBBRBTHON-FH LD VDB TH
. #EtHe A, BEOBEROZEAL L FEEIZ, LBNPEMIZX - TVy b igd
EERI, ERIL DI, EEEORBZEBICHEI B, & L7295, #RREBWHEESITICE 2y a0 Lh, BFREL
HWHlE—~TLEBEMMOMETHRE L, FEEIFRD S LR, T L ALEFRO LAV ECERIELT.
FEEAWTHREIT, FEEOREEZT>7/. TERITA 6k, TOERL)—AOPHRESBTLONLHERDD
T X £ SEM & LTk, St EAKEIS%E L. b, BT TORED QL Vo OFEHE @ =5 Ths. LBNPE
& @ WER O QIE, Tad20CH530CT T TORETHE, Tudt LET
WO TITIZERAICHEML 7. — 30 mmHg ® LBNP &7
I. LBNPEROBRICRIZTREBEDEEORE 0FMOTHDQE, WERDOT.CLERICS R Zorhs,
R4k, —AOHWBETLONAT25CT —30 mmHg ® LBNP&512 & 2 QOBAES 5 21 THTNIL, Ta30TTO
LBNP & & Z DFiE TOFHE LB OB L il QO FNDROKELEETH- /.
A :
Venous occlusion Laser Doppler
60 r 600
50 b 550
| } . | 500
LA N TRy R Y it
30} } } | * 400 {*| HI/H m'
20l | t 350
* 300
10r 250
= | LBNP LBNP
E 0" -22mmH s 200", -22mm I
- (S
£ B =
2 S sop
E 55 Venous occlusion Laser Doppler
~ 50 45t
Ne]
45F
40} I 4or ‘
. e
S il s Y
3.0f W{H 30}
25T o5t
2.0 20
1.5}F LBNP LBNP
1.0, -22mmHg . 154 -22mmHg .
0 5 10 15 0 5 10 15
Time (min) Time (min)

Fig8  Effects of LBNP of — 22 mmHg for 5 min on finger (A) and forearm (B) blood flow (Q) measured by venous occlusion
plethysmography and blood flow (LDF) measured by laser Doppler velocimetry in 9 subjects. Explanations are the same as in Fig, 7.
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Blood flow (Q) of the finger (A) and forearm (B) measured by venous occlusion plethsymography and blood flow (LDF) measured

by laser Doppler velocimetry. Rest, 5 min before LBNP; LBNP, 5 min of LBNP; Recovery, 5 min after LBNP. Values arex + SEM (n =9).
Data during measurements for 5 min were averaged and plotted as grand X s of values during 5 min. *, p<0.05 by post hoc comparisons.
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Fig 10. Blood flow (Q) of the finger (A) and forearm (B) measured by venous occlusion plethysmography and blood flow (LDF) measured
by laser Doppler velocimetry. Explanations are the same as in Fig. 9.
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Fig11. Effects of LBNP at — 11 mmHg (A) and — 22 mmHg (B) on heart rate (HR). Rest, 5 min before LBNP; LBNP, 5 min of LBNP;
Recovery, 5 min after LBNP. Values areX = SEM (n = 9). *, p<0.05 by post-hoc comparisons.
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Abstract

Vascular responses to lower body negative pressure (LBNP) were studied in supine male subjects in two separate series of
experiments. In one experiment, blood flow (O) and venous distensibility (V) in the finger and forearm were measured in 5
subjects by temperature compensated mercury-in-Silastic strain gauge plethysmography. LBNP at -30mmHg was applied for
30 min after a 30-min control period at an ambient temperature (T.) of either 20, 25 or 30 C. At any T,, Qand V, were
decreased by LBNP. In a few subjects, heart rate (HR) and blood pressure were also measured. Vs, which was roughly the
same at all T,s in the control period, was decreased by LBNP. The extent of the decrease was greater when T, was 20 C. In
another experiment, finger and forearm Qs were measured by either venous occlusion plethysmography or laser Doppler
velocimetry in 9 subjects. LBNP at either -11 mmHg or -22 mmHg was applied for 5 min at T, of 28 'C. LBNP at -11 mmHg,
which had no effect on HR, decreased Qs in the finger and forearm. LBNP at -11 mmHg decreased LDF in the finger but not
in the forearm. LBNP at -22 mmHg, however, decreased LDF both in the finger and the forearm. These results suggest that
ambient temperature has a strong influence on the reactivity of the veins in response to LBNP and vascular components which
contribute most to this response are the vessels in the muscle rather than the skin in the forearm. In regard to responses to
hydrostatic stress, forearm skin vessels appear to be different from those in the finger.




