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Abstract the capillary fluid transfer (7, 9, 10, 11, 14, 19). We 
TAKEMIYA, T MAEDA, J SUZUKI, J NISHIHIRA, Y and SHIMODA, M have shown that a stepwise arm raising or arm lower- 

Dlfferent~al Dlgltal Photoplethysmograph~c Observations of Flnger 
Vascular Exponentlal Response to the Arm Posltlon Changes In Humans 

ing from the heart level produces a marked change in 
A ~ V  Exerc Sports P ~ ~ S I O I ,  VOI 2 N O Z  pp83-90, 1996. The purpose of differential digital photoplethysmogram ( A DPG) in 
t h ~ s  study 15 to conf~rm the hypothesis that ralslng or lowering the human human (15, 16, 27). The A DPG has been developed 
upper hmb from the hedrt level Induce4 the Bdyllss effect on the small arter- 
les and drter~oles In the flngerttp\ AS a non-lnvaslve method to ~nduce 

to represents the time-dependent change in functional 
changes In the ~ntrdvd\cular pressure, we developed a conventional method diameter of microvascular pulsatile blood flow col- 
of ~nduclng a grdv~tatlondl potentlal energy change (GPEC) ( ~ , g h  0 77 umn (27). Since gravitational potential energy change 
mmHg1cm) dnd converted dlgltdl photoplethysmograms (DPG) to dlf- (GPEC) produces intravascular pressure change to 
ferentldl d ~ g ~ t a l  photoplethy\mograms ( A DPG) The mean value was cal- 
culatcd from the Subjects (n = 87, hedlthy males 21-30 years old) and was m~ogenic response in artery and 
com~dred w~th  the 'ontrot value at the hedrt level Values were expressed as ioles (16,27), we are interested in analysis of GPEC- 
mean\ + S F The ADPG-P wave he~ght was hlghly correlated with DPG-P A DPG res~onse  for human microvascu~ar functional 
wdve he~ght (r = 0 96) The A DPG-P wdve he~ght chdnged gradually after 
acute pos~ t~on  changes. dnd thc changed wave he~ghts were mdlntalned A changes (27) Or changes (23)' However, 
DPG changes ~nduced bv GPEC were also conflrmed by comparing almul- hypothesis that the GPEC- A DPG method demon- - 
tdneous measurement5 of flnger blood pressure The A DPG-P wave he~ght strates rnyogenic response remains to be assessed. 
showed an exponcntldl lncrease or decrease w ~ t h  h e a r  chdnge? In GPEC 
The max~mal GPEC decrease or Increase dfter 60 cm (48 20 mmHg) arm 

The purpose of the present study was to examine 
ralslng or arm lowering from the heart level produced 58 1 + 8 5 % (n-20) whether the CTEC- A DPG responses show a linear 
Increase In ADPG (p<O 01) dnd 60 6 i 2 7 % (n=20) decrease In ADPG relationship or not. In addition, to evaluate the possi- 
(p<O 01), respectively Simultaneous measurement of ADPG In the hllater- 
al upper hmbs conflrmed s~gnif~cant changes In the GPEC-~nduced arm 

ble involvement of the sympathetic nerve activity, A 

These findings suggest that changes In A DPG after GPEC are derlved from DPG was measured simultaneousl~ in the bilateral 
the responqes proper to the vascular smooth muscle Induced by changes In upper limbs during GPEC performed only in one 
the intravascular pressure. 
Key words: Differential digital photoplethysmogram, Gravitational potential 
energy change, Vascular myogenic response, Arteriolar compliance 

Introduction 
There have been many studies on the Bayliss 

effect as a myogenic response (1, 4, 5, 12, 13, 17, 
18). Gravity-induced vasoconstrictive changes have 
been observed by several investigators, indicating a 
marked decrease in local blood flow or a reduction in 
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limb. The reliability of changes in A DPG was tested 
by comparing A DPG with the digital blood pressure 
measured using a Finapres. 

Methods 
A. Subjects 

We investigated firstly a total of 87 healthy male 
subjects between 21 and 30 years old with no history 
of vascular disease for the experiment of the effects 
of gravitational potential energy change on A DPG 
responses. Their blood pressure and heart rate at rest 
were normal. In additional experiment for the con- 
firmation of sympathetic nervous contribution, 
measurements were made on 7 healthy male subjects 














