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PHOTOELECTRIC RECORUING OF PULSE VOLUME
OF THE CORONARY ARTERY IN CHROXIC EXPERIMENTS

V. R. Zakharzhevskii, A. 0. QOlesk, UDC 612.172.4:612.143
and V. M. Strochkov

By using miniature selenium-cadmium photoresistors and baseless microtubes with a tungsten fila~
ment, a photoelectric detector of small size and welght has been made, sultable for recording the pulss
volume in medium-caliber arteries of dogs for several months.
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Most methods used for the estimation of vascular tons {resistography, oncometry, ete.} are suitable
only for acute experiments, and for that reason the state of the coronary vasomotor functlon in chronlc ex-
periments is usually judged indirectly {1]. Although a number of investigations [5, 6, 9] bave shown that I8
is possible, in principle, to use phetoelectric cells to record arterial pulse volumes, until recently this -
method has also been limited to acule experimaents, With the appearance of minfature highly sensitive hege
metically sealed semiconductor pholoresisiors, these could be used for implantation Into the animal body

{7, 8}

In this paper we deseribe an implantabls photoelectric device suitable for recording the pulse voluma
in the coronary artery og dogs. Its main sicments are: a pholoclectric delector, 8 Whoatslone bridge, ¢
poter gource, an ampliier, and 2 recording Instrument. The photoeleciric detector consists of & pholo-
resistor and $ube mousded together In an vrganie glass well, The sensitive element of the Instrument isa
seleninm-codmium pnotoresisior, of Sovicl manufacture, with brand number S¥Z-1 {2). Tt i3 small in slza
(0.5 % 1.5 mm), its photosensitive layer Is hermetieally sealed, and It possesses very high sensitivity {3
A/Im}. In addition, sclentura-cadmium pholoresistors peasess optimal speetral charactevistes for
plethysmography {Fig. 1). Thelr sensitivity maximum (730 mp) coinctdes with absorption specirum of
blood, so that very slight changes of bluod volume can be detected. At the same thme; an Increase or da-
crease in the blood oxygen saturation has practically no effeet on the translusence of the organ, for In the
nezr {nfrared region {{rom 750-300 mpu) the <ifference In lizht absorption of oxidized and reduced hemo-
globin is negligidble {3]. Type SF2-1 photoresistors ace designed for low working voltages (2-15 V), azd
this s very lmportant from the shindpolnt of safety and souveniznce of use,

Photorasistora possess definite Inartla and the relatlonship between luminous flux and photscleciels
eurrent is not linear. Letus consider to what extent these disadvaniages affect plethysmographle investie
gations, According to many authors {3, 4], (e Intrinsls frequency of the plathysmograph must not exceed
75-100 Hz, The freguevicy eharacteristie curve of selenlum-cadmium photoresistors (lime conslant 107
sec) illustrated in Fig. 1 2on yleld s prcileally undisioried vocording of the arteria! pulse. The characies
of the lux-ampere relstionshiy s no legs important for cuantiniive analysis of (he dala. Speclal Invesiipe
tions under acuts experimental conditions showed that the fall in Intensliy of Hlumination of the pholoresiste
or agsocizted with pulse {luctuations in the voleme of blved in the vessel must no} exceed 32 Ix (i the duls
current 15 63 mA 2nd the vessel completely emptied of Lisodithe Inlensity of Hlumination of the phsioresisior
i3 50 Iy, ard with maxinmal fiiling of the vessel with bloed, 1 i3 18 1, whereas wilioul the vessel 1t Is 651},
Cver thiz narrow ranze of changes In luminous flug, thenonlinesr charmeter of the lux-ampere relationshiy
i3 practically rot ohserved, for a limilad segment of & curve can always be epprokimated by a sigaight lina.
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Baseloss mierctubes with a lunzaien filament were uged ag source of Hehl, The small slze el e
tubes {diameter 2.5 mm, lengih § nun) and the low heating tompurnture of the ulb are of greal imporianed
; 3

for implanied leatraments, Dicause of the hizh sensiih heioresisior, e tues eon wory on L
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Fig. 1. Spectraland frequency characteristics of the type SFZ-1
selenfum-cadmium photoresistor. 1) Spectral characteristie
curve; 11} frequency characteristic curve. Ordinate, photocleetris
current {in percent); abscissa, wavelength {in g3 I}, frequency

(in kHz, m.c
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Fig. 2. Theorctical cirveuil of photoelesirle dovies {0)
and structural disgram of pholozlestvie dotootor fow
blood vessels (1), L) Detector bulby DBV} blood veg~
scl; Phl Photorasistor; D) battery; 1) Plexizias bloels
2) bully & siide for closing gop alier Insertlng ves
4) photorealstor,
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A structural dingram and the dimensions of the deteclor ave shown in Fig, 2. The bass ol the d
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Fig. 3. Changes in ECG and pulse volume of coronary arlery
after injection of 0.5 unite pliuitrin () and 10 mg papavering
{f1). a) Before injecilon; b) 30 sce; ¢) I min; d) Iming) B
min; £) 10 mia after injection; above, ECG; below, pulss
volume of arxiscy.

tector and conditions of the operation on the heart are tndistinguishable in principle from those described
earlier for investigations using a thermoelectric method [1]. The detector {s fixed on the vessel {13 2 wule
of the circumilex branch of the left coronary artery) by means of a Plexiglas slide covering tbe gap in
which the vessel i3 inserted, and acrylie glue Is then applied cn top,

Tte theoretical elecirical clrcull for the photoelastyle deteclor (o shown In Fig, 2. Power for the
clreult iz provided by a 6 V battery through the switch Sw 1. The heating current for the bulb (L) of the
detector is determined by the resistor (Ry) ard controlled by & messuring instrument {n the lawer pesition
of the thréw-over switch TO from the fall {n vollage on the shunl Ry}, The photoresistor (Ph) is connected
tato one arm of the bridge in corporating the resistors Ry, [y, and By The vollags at the differential Input
of the amplifler of the type EKPICH-3 two-channel elecirocardiograph 19 supplied from the diagenal of this
bridge. The scheme of operation I3 as follows. When the bulb of the Jolector is swilched on the throw-over
switch {T'0) is transferred inio ths upper positlon, connaciing the measuring instrument to the bridge dia-
gonal; the bridge s balanced by varying the resister (R, The measering Insivument {3 again swilched over
to controlling the bulb current. Az'a resull of pulzse changss in volume of the blood vessel, o fluctuating
luminous flux f2ils on the sholuresistor, Jending 1o the appearance of corrvesponding electrical ozeillations
fn the measuring diagonal of the bridge. Usndey conditlens of traasiilumination of the blood vessel, the lan-
tensity of iHumination of the pholoresisior awd, consequently, 1he photoslentyie current ot cach glven mo-
ment of time will be dotermined by what, in praciies, s the only variakle ficlor, the volume of blood in the
vessgel, and thiz relationship will be close to Urcar for the vensons given above. By applying a standard
voltage {1 V) to the input of the electrocardiczraph amplifise, we can compare the ampiiiude of the call-
bration signal with the amplitude of the arlerial pulse and thus assezs the recorded sphygmograimg
quantitatively.

Eprri-menis demonstrated that the pulse volume of the coronary arievy of dogs can b recordad for
a long paricd afler implamation of the deteclor {maye than § months), Hizh sensitivily of the photoelecirle
Instrunent wag found, and i could be used {n estimale 3 wot only 0 the amplituda, but slio ia e
shape of the pulse wave after varibus procedures, Sync : 3 of tie E0G 4
volume of he coronary aviery ofa dog 0 o
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Tbe method as developed for the coronary artery can also be used successfully for the stady of other
arteries.
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