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The paper descr ibes  a bloodless,  noise f ree  method of depth-zonal ul t rasonic  sphygmography 
based on the pr inciples  of acoustic  bioecholocation, by means of which information regarding 
the p a r a m e t e r s  of the circulat ion can be obtained separate ly  but simultaneously f rom vir tual ly 
all par t s  of the vascu la r  sys tem in different  regions of the body and at different  depths. 

For  some reason or  other many of the physico- technical  and e lec t ronic  instrumental  methods of in- 
vest igation of the circulat ion cannot be used to study the regional  circulat ion,  especial ly  in the brain [1, 4]. 

Methods of u l t rasonic  pulsed bioecholocation have recent ly  been used to study the blood vesse l s  (aorta, 
carot id,  t empora l ,  ve r t eb ra l ,  and other  a r te r ies )  e i ther  to detect thrombosis  [2] or  aneurysms  of the a r -  
t e r i e s  [5, 8], or  for  cl inical  investigation of the dynamics of the circulat ion under normal  and pathological 
conditions [7, 10, 11]. In these methods the amplitude and the t ime shift of the echo signal re f lec ted  f rom 
the blood vesse l  were recorded .  

However,  these methods did not take into account the important  fact  that values of amp l i t ude - t ime  
charac te r i s t i c s  of the echo signal re f lec ted  f rom the blood vesse l  are  de termined not only by changes in 
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Fig. 1. Functional diagram of apparatus:  1) detec tor  for  investigating 
deep vesse l s ;  2) detector  for  investigating isolated vesse l s .  Remainder  
of explanation in text .  
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Fig. 2. U l t r a sonosphygmograms  
of i so la ted  caro t id  a r t e r y  (a), i so -  
la ted f e m o r a l  a r t e r y  (b), andblood 
v e s s e l s  of the c i r c l e  of Willis (c) 
of an intact dog. 
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Fig.  3. U l t r a s o n o s p h y g m o g r a m s  of blood 
v e s s e l s  of the c i r c l e  of Willis of an intact  
dog before  and a f t e r  admin is t ra t ion  of 
nembutal  and l is thenon in apnotic doses:  
a) or iginal  background, injection of Nem-  
butal; b,c) anes thes ia ,  absence  of corneal  
reflex; d) r e s p i r a t o r y w a v e ,  in jec t ionof  
listhenon; e,f) absence  of spontaneous 
resp i ra t ion ;  g, h) r e s to r a t i on  of sponta-  
neous resp i ra t ion ,  appea rance  of cornea l  
ref lex .  

the hemodynamics ,  but also by other  biological  and phys ico-  
chemica l  f ac to r s  (CSF p r e s s u r e ,  t e m p e r a t u r e ,  hydration of the 
t i s sue s ,  etc .) ,  which influence the absorpt ion of ul t rasound in 
the t i s sue  s t ruc tu r e s  in the path of i ts  sp r ead  to the b loodvesse l  
to be located [6, 9]. 

The w r i t e r s  have developed a method of obtaining infor -  
mat ion regard ing  the s tate  of any par t  of the va scu l a r  s y s t e m  
sepa ra t e ly ,  r e g a r d l e s s  of i ts  location (in bony canals ,  inside 
the skull ,  deep in the soft t i s sues ,  and so on) and r e g a r d l e s s  
of the degree  of absorpt ion of ul t rasound by the t i s sue s  su r round-  
ing the ves se l .  

The e s sence  of the suggested method is as  follows. 

The u l t rasonic  de tec tor ,  using the r e v e r s e  and d i r e c t p i e z o -  
effect ,  emi t s  shor t  acoust ic  pulses  toward  the v e s s e l  for  in-  
ves t igat ion and r e c e i v e s  an echo signal re f lec ted  f r o m  it. 

If  the volume of blood enter ing the ve s se l  is inc reased ,  
the d i ame te r  of the v e s s e l  i nc rea se s  and, consequently,  so a lso  
does the a r e a  of the l a t e ra l  ref lect ing surface  bounded by the 
d i ame te r  of the u l t rasonic  beam in the zone of location of the 
ve s se l .  The ampli tude of the re f l ec ted  echo signal thus in- 
c r e a s e s ,  and it is de te rmined  by the known expres s ion  [3]: 

S a S c  ~- -2~L 
Uc = K k2L~ ~ :j 

where S a and S c r e p r e s e n t  the a r e a s  of the p i e z o v i b r a t o r  and 
blood ves se l ;  ~ the damping of the u l t rasound in the t i s sues ;  
K a constant;  L the distance to the ves se l ;  and ~ the wavelength.  

With a dec rea se  in the volume of blood flowing through 
the v e s s e l  i ts  d i ame te r  d e c r e a s e s  and, consequently,  so a lso  
does the ampli tude of the re f l ec ted  echo signal.  Consequently,  
the changes in ampli tude of the echo signal a re  propor t iona l  to 
the degree  of filling of the v e s s e l  with blood. These  changes 
a re  r e co rded  on an ink-wri t ing ins t rument .  The curves  thus 
obtained r e s e m b l e  sphygmographic ,  p le thysmographic ,  and 
rheograph ic  curves  in i ts  shape,  and the name u l t rasonic  sphyg-  
m o g r a m  or  u l t r a sonosphygmogram (USG) is suggested for  it. 
the USG is r e co rded  s imul taneously  with the ECG. 

An ins t rument  (the USG-1) was designed to embody the 
pr inc ip les  outlined above,  and i ts  functional scheme is shown 
in Fig. 1. 

The synchron ize r  emi t s  shor t  pulses  which t r i g g e r  the 
h igh-f requency gene ra to r  and a lso  (through a t r igger ing  pulse 
widener) the main sweep osc i l la tor .  

The h igh-f requency gene ra to r  ac t iva tes  the de tec tor  (1 or 
2), which emi t s  u l t rasonic  waves  inside the organ to be tes ted .  
When it r eaches  the a r t e r y  or  ves se l ,  some of the u l t rasonic  
ene rgy  is r e f l ec ted  f r o m  its wall,  and is r ece ived  by the same  
detec tor  and t r a n s f o r m e d  into an e l ec t r i ca l  signal,  which is fed 
into the ampl i f i e r .  The ampl i f ied  and detected echo pulses  a re  
fed f r o m  the output of  the v ideoampl i f i e r  to the ve r t i ca l  de-  
f lecting p la tes  of an e l e c t r o n - b e a m  tube (ELT) and coincidence 
cascade .  
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Simultaneously with the emit ted  pulse the main sweep is s t a r t ed  in a fo rward  direct ion,  and its voltage 
is applied to the horizontal ly  deviating pla tes  of the ELT.  A s e r i e s  of echo signals re f lec ted  f r o m  the 
boundaries  of the t i s sue  compar tmen t s  and blood v e s s e l s  located along the path of sp r ead  of the u l t rasonic  
beam is then vis ible  on the sc reen  of the ELT.  

A gate pulse genera to r  and dep th -measur ing  ins t rument  a re  used to isolate  (gate) the r equ i red  pu ls -  
ating signal f r o m  the blood v e s s e l  f r o m  the s e r i e s  of re f lec ted  echo s ignals  and to de te rmine  the d i s -  
tance to it. The dep th -measur ing  device consis ts  of a coincidence c i rcui t  fed with a sawtooth potential  f r o m  
the main sweep osc i l l a to r  and a steady r e fe rence  voltage which s e r v e s  to t r i g g e r  the gate pulse genera to r .  
By changing the ampli tude of the r e f e r ence  vol tage,  the t ime of appearance  of the step at the output of the 
coincidence c i rcui t  re la t ive  to the beginning of scanning can be regulated.  The ampli tude control  is  brought 
out onto the front  panel and has a scale  of depth of ref lec t ion of the echo signal graduated  in m i l l i m e t e r s .  

The gate pulse gene ra to r  f o r m s  a square  pulse (gate) 7 ~sec  in duration, and this  is fed into the co-  
incidence cascade and to the ve r t i ca l ly  deviating plates  of the ELT.  

Besides  the re f lec t ions  of the echo s ignals ,  a square  pedes ta l  (the gate pulse) is thus also vis ible  
on the ELT screen .  If the leading edge of the gate pulse coincides with the leading edge of the re f l ec ted  
echo signal ,  the distance to the ref lect ing sur face  is shown on the scale  of the dep th -measur ing  device.  
Under these  c i r cum s t ances ,  only the echo signal coinciding with the gate pulse is i sola ted at the output 
of the coincidence cascade .  It cons is ts  of a s teady component,  cha rac te r i z ing  the damping of the u l t r a -  
sonic waves  along the i r  path of sp read  to the vesse l ,  and a va r iab le  component  due only to filling of t h e v e s s e l  
with blood. 

To exclude the effect  of damping of the u l t rasonic  waves  and to isolate  only the var iab le  component ,  
a pulsat ing signal isolation unit, consist ing of an integrat ing circui t  with capaci tance output, is provided.  
So as to compare  the USG curves  r eco rded  f r o m  different v e s s e l s  in va r ious  pathological  s ta tes ,  percen tage  
changes in the lumen of the v e s s e l s  a re  recorded .  

In the w r i t e r s '  expe r imen t s  a Soviet ]~LKAR-2 ca rd iograph  was used  to make the record ings ,  and the 
ECG was s imul taneously  r eco rded  in s tandard lead II. 

Type TsTS-19  p i e z o c e r a m i c s  were  used as s enso ry  e lements  of the t r a n s d u c e r s ,  and the m e a s u r e -  
ments  were  made at f requencies  of 1.8, 2.5, and 5 MHz. The type of t r a n s d u c e r ,  the zones of location,  
and the points of ent ry  of the u l t rasonic  waves  and working frequency were  chosen depending on the purpose  
of the invest igat ion and the p r o g r a m  of the physiological  exper iment .  

USGs obtained with an intact dog using a t r a n s d u c e r  fixed di rec t ly  to the isola ted carot id  a r t e r y  (a), 
i sola ted f e m o r a l  a r t e r y  (b), and the sur face  of the skull (c) a re  shown in Fig. 2. In the las t  case ,  blood 
v e s s e l s  of the c i rc le  of Willis were  invest igated.  

The USGs of the v e s s e l s  Of the c i rc le  of Willis of an intact dog a f te r  injection of nembutal  and l i s -  
thenon in apnotic doses  a re  shown in Fig. 3. The sharp  changes in the hemodynamics  in the blood v e s s e l s  
of the c i rc le  of Will is ,  obse rved  on f r agmen t s  b, c, e,  f cha rac t e r i ze  the high sensi t iv i ty  of the method, 
and the effect  of the r e s p i r a t o r y  excurs ions  of the chest  wall  and d iaphragm on the c h a r a c t e r  of the USG 
obse rved  in f r agmen t s  d, g, h a r e ,  in the w r i t e r s '  opinion, of in te res t  to the inves t iga tor  on the i r  own ac -  
count. P a r a m e t e r s  of the USG can evidently be used a lso  to ver i fy  the depth of anes thes ia .  
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