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To determine  the rate of spread of the pulse wave under dynamic  conditions we used combined recording by 

radio of the cardiac  potentials  and photo-e lec t r i c  plethysmography of the fingers. 

E X P E R I M E N T A L  M E T H O D  

We used an RST- 1 radiosphygmotachograph,  which is the latest  deve lopment  of the KRP- 2m instrument de-  

veloped in our laboratory [3]. It is buil t  from transistors,  and includes photocel ls ,  ampl i f ie rs ,  a mul t iv ibra tor ,  

a transmitter,  and power supply. To pick up the cardiac  potentials fluid suction electrodes are used, and the method 
of leading off has been described previously [1, 2]. 
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Fig. 1. Circuit  diagram of the RST-1 instrument. 
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Changes in the T ime  of Spread of the Pulse Wave (t) to a Finger Artery (seconds) and Pulse Rate (p) Under the In- 

f luence of Muscular Act ivi ty  

Subject 

Index 

Initial Changes under the influence of: 

values 
(lying inspir- expira-  ver t ical  po- 

ation tion sition of the 
at rest) 

body 

t 0.13 -0.01 -0.01 
K 

p 54 -- -- 

t 0.14 -- -- 
F 

p 86 -- - 

t 0.13 +0.02 +0.02 
T 

p 54 -2 -- 

t 0.12 - - 
S 

p 66 -- +5 

t 0.12 -- +0.01 
V 

p 54 -4 +9 

t 0 . 1 2  - -  - -  

P 
p 52 -6 -2 

i t 0.13 - -  +0.01 

p 63 -9 +12 

t 0.14 -0.02 -0.02 
I 

p 44 + 2  +2 

t 0.12 +0.02 - -  
R 

p 86 -- -15 

t 0.14 -9 
ShCh 

p 80 -- - -  

mean 

-0.01 

+17 

results stand- 

ing at rest 

0.12 

71 

Influence of "staircase" test 

changes 

during 

exercise 

-0.04 

+21 

-0.02 0.12 -0.03 

+14 100 +20 

+0.05 0.18 -0,08 

+12 66 +26 

+0.02 0.14 -0.05 

+20 86 +34 

0.14 

75 

+0.02 

+21 

+0.03 

+8 

0.15 

60 

-0.05 

+25 

-0.05 

+49 

0.02 0.15 -0.07 

+12 75 +45 

0.12 

71 

-0.02 

+25 

-0.05 

+29 

after exercise 

after 3 min after 30-40 

s e c  

-0.02 

+4 

+0.01 

17 

-0.02 

+20 -8 

-0.08 

+5 -3 

-0.02 -0.01 

+34 

-0.02 

+5 

-0.05 

+40 

-15 

-0.02 

-3 

-0.07 -0.02 

-0.04 

-17 +21 

-- 0.12 -0.04 -0.02 -0.01 

+6 92 +41 +17 -- 

-- 0.14 -0.05 -0.02 -- 

+20 100 - ~20 -- -14 

0.138 

79.6 

-0.051 

+31.0 

+0.009 

+15.7 

-0.038 

+14.6 

-0. 005 

-7.7 

To record changes in the extent to which the digital  phalanges were f i l led with blood we used a photosensitive 

e lement  consisting of a semi-conductor  photo-sensit ive resistance type FSK-2N and a miniature lamp placed on the 

opposite side of the finger. For more stable operation and to e l iminate  interaction between the two processes re-  

corded we used 2 separate amplifiers.  The photocel l  formed part of a potent iometer  in the base circuit  of the input 

stage. The amplif ied signals change the frequency of the multivibrator in the same direction and are taken to the 

transmitter consisting of P-403 triodes operating as push-pull oscillators. The signal of the R wave and of the photo- 

plethysmogram pass through the system and are tranformed into pulses of approximately squarewave form, of var i -  

ous durations, having a steep 1ending edge; this arrangement facil i tates determination of t ime  intervals. 'The trans- 

mit ter  is f requency-modula ted  by the milt ivibrator.  Thus, the transmitter circui t  of te temetred  information is FM- 

FM. 

Supply is taken from a group of 7 miniature alkali  storage cells  type D-006. The lamp is supplied from 2 

miniature storage cells type B-02. 

The total weight of the apparatus is 250 g; its range of operation in closed buildings is 50 m, and in the open 
up to 100 in. 

The recording apparatus at the receiving end (investigators instrument) consists of a receiver  modified by E. I. 

Rimskikh from an ultrashort ARS-2 automobile  station receiver,  a decoder, and an ink-writ ing EKPSCh. 

Calculat ion of the t ime of spread of the pulse wave (t) to the end of the phaIanx of the finger was made to an 

accuracy of 0.01 sec; it was measured from the onset of the QRS complex of the ECG to the rise of the pulse curve. 

This t ime interval  is made up of 3 components: the t ime from the start of the ventricular complex of the ECG up 

to the moment  of opening of the semilunar valves (0.10 sec), the true t ime  of spread of the pulse wave from the root 
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Fig. 2. Telemetr ic  recording of the t ime of spread 

of the pulse wave in a worker T., aged 36 years, 

during the "staircase" test. a) Standing at rest; t = 

= 0.13 sec, pulse rate 66; b) during the "staircase" 

test at the end of the 2nd rain; t = 0.08 sec, pulse 

rate 92; c) 30 see after work: t = 0.08 sec, pulse 

rate 66-75; d) 3 min after work: t = 0.13 sec, pulse 

rate 63; t ime marker 0.1 see. PP photoplethysmo- 

gram of finger.* For determination of t, 0.12 sec 

was subtracted from the t ime interval between the 

QRS wave and the BP. 

of the aorta to the arteries of the terminal  phalanges of the 

fingers (i.e.,  mostly along muscular vessels), and the t ime 

delay in the plethysmogram relative to the sphygmogram 

of the underlying artery (0.02 see). Thus, in order to obtain 

an approximate value ol the 2nd component in which we 

were interested,a thne  ol 0.12 gec had to be subtracted 

from the total t ime between the QRS complex and the photo- 

plethysmogram of the finger. 

In the present communicat ion we use the correction 

of 0.12 sec, although when the pulse is more rapid the 

amount should probably be rather less. 

In previous experhnents we had demonstrated the pre- 

cise coincidence of the start of the R wave of the ECG as 

received on 2 channels with the subject at rest, 1 trans- 

mitted, and the other conducted along leads. 

We assured ourselves of the coincidence of the onset 

of rise of the photoplethysmogram with the 2 kinds of re- 

cording. We also found that a slight deviation from precise 

tuning of the receiver to the transmitter frequency caused a 

change in the shape of the signal but did not influence the 

t ime of occurrence of the leading edge. 

The ECG and the phoroplethysmogram were recorded 

as follows: the subject toy at resc, and held his breath a t the  

end of inspiration or expiration; also records were made one 

rain after the subject had changed over to the standing posi- 

tion (to e l imina te  the clino-orthostatie reaction). 

In 10 persons we studied the influence of muscular work, by performing a "staircase" test: the subject went 

up and clown 2 steps for 2 min, corresponding to going up to the 5th floor and down again. 

The q u a n r i t y t w a s  recorded with thebody vertical  before work, at the 2nd rain after work had started, and 30 

sec and 4 rain aRer it had finished. We also made observations under natural conditions of muscular activity in a 

healthy man aged 49 years who was taking part m physical training for a group of elderly and middle-aged people 

("health group") at the Central Sverdlovsk stadmm. 

Finally one observation was made in the roiling mi l l  of a metal lurgical  establishment on a worker act ing as 

operator in a task demanding great attention in a very hot atmosphere (air temperature g6~ 

As can be seen from the table no great changes in pulse frequency or in t ime of spread of the pulse wave were 

observed. When the subject was standing the pulse was more rapid than when he was seated; no consistent changes 

in the t ime of spread of the pulse wave were observed. 

Exercise caused quite noticeable changes. During rapid walking up the stairs there was a marked increase in 
pulse rate and a shortening of the t ime of spread of the pulse wave, the difference being highly significant statisti- 

cally (P < 0.01). During the "staircase" test the t ime of spread of the pulse wave, which normally was about 0.14 see 

was reduced by 0.05 sec, i .e. ,  by more than a third. When measurements were made a0 sec after exercise already 
both indexes could be seen to have recovered considerably and the difference between these values and the ini t ia l  
figures had fallen m about half (as compared with the changes during muscuiar wo~k). After 3 min the t ime of 
spread of the pulse wave returned in m ~ t  cases to the original value, and the pulse became slower than i~ had been 

ini t ia l ly (difletenee was statistically significant: P< 0.01). This result is in line with what has been pointed out in 
the literature concerning the negative phase of the pulse after a short period of muscular work. Figure 2 illustrates 

the changes in the t ime of spread of the pulse wave, and the pulse rate, caused by the "staircase" test. 

Similar results were obtained under natural conditions (running, playing basketball), It was found that the 

t ime of spread of the pulse wave was greatly reduced during muscular work. 

* Publisher's note. This appears in the Russian caption, but not in the Russian figure. 
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Thus, as in the "staircase" test, under normal conditions of exercise there was an appreciable reduction in 

the t ime of spread of the pulse wave. This reduction was most marked during exercise, and there was a tendency to 

rapid recovery afterwards. The results obtained indicate  that muscular act ivi ty  is associated w i t h  an increased vas- 

cular tone. These changes develop generally in paral le l  with changes in the pulse rate. However, the rate of re-  

covery of the 2 indices differ appreciably with respect to different kinds of exercise. In particular, during the "stair- 

case"  test the pulse rate was the first to return to normal. 

Tests under industrial conditions enabled us to show that after the onset of work the t ime of spread of the 

pulse wave was increased from 0.1 to 0.16 see with a negl igible  increase in putse rate (from 75 to 80), in another 

test made 30 rain later it returned to the original value and remained there until the end of the work. 

S U M M A R Y  

The description is given of a t e lemet r ic  method of recording together the electrocardiogram and plethysmo- 

gram obtained photo-e lec t r ica l ly  as a means of investigating the rate of spread of the pulse wave in the unrestrained 

subject. We have found that distinct shifts occur during athlet ic  act ivi ty  and work. They are usually not easily dis- 

cernible after the work has ceased, because of rapid restoration. 
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