
METHODS 

ULTRASONIC LOCATION OF MOVEMENTS OF TIIE HEART 

VALVES AND MUSCLE BASED ON TIIE DOPPLER EFFECT 

Y u .  D .  S a f o n o v  a n d  V. M .  L u b 6  UDC 616.12-073.432.19 

A new bloodless  method of se lec t ive  invest igat ion of m o v e m e n t s  of the hea r t  valves  and musc le  us ing 
ul trasound is descr ibed .  The method is  based on the Doppler  effect  and can locate  all  the hear t  valves  by  
a complete ly  u l t rasonic  technique. 

None of the exist ing bloodless  methods can gi :~  p r e c i s e  informat ion  on movemen t s  of each valve and 
e a c h m u s c l e  wall  of a given chamber  o f  the human hea r t ,  r h e s e  d rawbacks  of bloodless  methods of r e c o r d -  
ing movements  of the valves  and the m u s c l e s  in var ious  p a r t s  of the hear t  can be overcome by ul t rasonic  
methods.  However,  the pulsed method of u l t rasonic  location of the hear t  [1-8, 12] gives information on ly  
on the kinet ics  of the left s t r i um.  

} ul ler  information can be obtained by the method of continuous u l t rasonic  location based  on the 
Doppler  effect  and f i r s t  descr ibed  by Sa tomura  [9-11] and Yoshida [13, 14]. The essen t i a l  feature  of the 
Doppler effect  is that during location of a moving object  (target) the signal re f lec ted  f rom it undergoes a 
change of frequency compared  with that of the probing signal by an amount propor t ional  to the velocity of 
movement  of the studied target .  H the t a rge t  is  s ta t ionary ,  the Doppler f requency is 0 and the recording 
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Fig .  1. Functional Scheme of the u l t rason ic  Doppler -walvulocard io-  
graph and method of se lect ive  location of hea r t  valves  and a r e a s  of 
hear t  musc le .  Points  of  location: M) mi t r a l  valve and left  hear t ;  
T) t r icuspid  valise and r ight  hear t ;  P) valve of pu lmonary  a r t e ry ;  
A) ao r t i c  valve; 1) couch; 2) r e s t ;  3) subject ;  4) ope ra to r ;  5) u l t r~ -  
~ c'~t c p ick-up .  

Depar tment  of In ternal  Medicine, Voronezh Medical  Insti tute t and Elec t rophys ica l  Labora to ry  0 
Voronezh P o l y t e c ~ i c a l  Insti tute (Presented by Academic ian  V. V. Par in) .  Trans la ted  f rom Byullcten t 
]~ksperimental'noi Biologil i Medltsiny, Vol. 65, No. 3, pp. 123-126, March, 1968. Original article sub.. 
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Fig. 2. Ultrasonic valvulograms and kinetom~.ocardiogram of a healthy 
person recorded synchronously with ECG and phonocardiogram, hips 
represents movement of mitral valve during systole of left atrium; 
Mc) closure of mitral valve; Mo) opening; LAS) systole of left atrium; 
LIC) phase of isometric contraction; LVC) phase of emptying; LIR) 
phase of isometric relaxation; L \~)  phase of filling of left ventricle; 
Ao) opening, and Ac) closing of aortic va l~ ;  Tps)movement of t r icus-  
pid valve during systole of right atrium; Tc) closure of tricuspid valve; 
To) opening; I~ .~  systole of right atrium; 1JIC) isometric contraction; 
RVC) phase of empt:,ing; RIR) phase of isometric relaxation; RVR) phase 
Of filling of right ventricle; Po) opening of pulmonary valve; Pc) closure. 

instrument traces a zero line. The Doppler deviation of frequency on account of beats between frequencies 
of the applied and ref ~:'ct~d signals may be expressed by the following formula: 

. . ~ v  ~ v  s i t  

t ~ -  ;t c_---T ,~ l t  "-C ~, ~ ' .  

where fd represents the Dopl.;~r "frequency of the oscillations, fg  the frequency of applied generator slg- 
rials, C the velocity of spread ot ,dtrasound in the gi~en medium (in this case along the path from the ante- 
rior chest wall to the heart), V the ~elocity of mo~ement of the studied target (the heart valve, for example), 
and kac the wavelength of the incident ultrasonic signal, 

The Doppler signals are recorded graphically as spikes reproducing the time and velocity of move- 
ment of tFe studied target. 
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Fig.  3. Scheme of kinet ics  of va lves  and musc l e  and c o n t r a c t i o n - r e -  
laxation ac t iv i ty  of the hea r t  in healthy sub jec t s .  E lements  of m e ' e -  
merit and phas e s  of the cycle  of the left hea r t  a r e  shown in black,  and 
of the r ight  hear t  in white; 1) a t r i a l  sys to le ;  2) phase  of i s o m e t r i c  
cont rac t ion  of vent r ic les ;  3) phase  of emptying  of vent r ic les ;  4) phase  
ef i s o m e t r i c  rela.,cation; 5) phase  of fil l ing ven t r i c l e s .  Identif icat ion 
of pe r iods  of m o v e m e n t s  as in Fig .  2. 

The p r e sen t  au thors  have developed an or iginal  technique enabling re l iable  location of any hear t  valve 
and select ion of any p a r t  of the hea r t  muscle ,  so that all  phases  of the cycle of the right and left  hea r t  can 
be de tc rmined  d i f ferent ia l ly ,  t h e  functional s cheme  of the appa ra tus  and of the method of in~est igat ion a r e  
given in Fig. 1. 

To  ensure  re l iab i l i ty  of the location of the hea r t  vaL~es we advise  that the subject  be invest igated lying 
in the prone  posi t ion with the upper  par t  of the t runk r a i sed  to an angle of 25-30* (Fig. 1),. This  i nc rea se s  
the a r e a  of contact  between the hear t  and an t e r i o r  ches t  wall  and the number  of points  of applicat ion of the 
u l t r a son ic  signal avoiding lung t i s sue  containing a i r  which ext inguishes  the s ignal .  In this way all  the valves  
can be re l i ab ly  located f rom 6 points in the 2nd, 3rd,  and 4th in te rcos ta l  spaces  to the left  ,and right s ides 
of the edge of the s te rnum,  and a l so  by applying acous t ic  s ignals  through the an t e r i o r  abdominal  wall b e -  
low the xiphis ' .ernum. 

With f requexc ies  of incident u l t rasonic  s ignals  of between 2 and 3.5 Me, the Doppler  f requencies  o f  
the s ignals  r e f l ec ted  f r o m  the m o r e  rapidly mo~dng cusps  of the valves  occupy a band f rom 500 to 1000 cps,  
while the fTequency of siLsnals re f lec ted  f rom the l e s s  rapidly  moving muscu la r  wal ls  of the hea r t  l ies  be -  
tween 100 and 200 cps.  These  bands are  separa ted  by two T - s h a p e d  br idge f i l te rs ,  enabling the kinet ics  of 
the valve and of a pa r t i cu l a r  por t ion  of the hea r t  musc le  to be r eco rded  s epa ra t e ly  and s imul taneous ly  
through 2 channels .  The t r ac ings  a r e  made with a ' K a r d i o r e x - 6 "  monograph,  the phonocardiographic  chan-  
ne ls  of which t r a n s m i t  f requenc ies  of up to 1000-1200 cps.  Movements  of the left  iaeart (a t r ium and v en t r i -  
cle) ar~.' r e co rded  f r o m  the point of location of the mi t r a l  vah~e, and those of the r ight  hea r t  f rom the point 
of location of the t r icuspid  valve.  The valve can be re l iab ly  located by obser~hng the b u r s t s  of waves ,  r e -  
f lected during movemen t  of the valves ,  on the o~ci l loscope s c r e e n  and audibly with the headphones.  

We have cal led the t r a c e s  of the movemen t s  of the hea r t  va lves  obtained in thi3 way the u l t rasonic  
v a b u l o g r a m  (UVGd), and the t r a c e  of the mow. 'ments  of the hea r t  musc le  the u l t rason ic  k ine tomyocard lo~  
gre.m (UKMGd). The index d denotes  a t r ace  mane on the bas i s  of the Doppler  effect .  

T r a c e s  of movemen t s  of the valves  and p a r t s  of the hear t  musc le  of the le f t  and r ight  s ides  of thv 
h e a r t  of a heal thy man  aged 27 y e a r s  a r e  given in Fig.  2. 

The momen t s  of m o ~ . m c n t s  of the di f ferent  e l e m e n t s  of the hea r t  a r e  denoted by abbrev ia t ions  in the 
English t r ansc r ip t ion  used by the Japanese  w o r k e r s ,  These  r ecord ings  show that  the mi t r a l  (M) and t r i c u s -  
pid (T) valves  under  no rm a l  conditions move 3 t imes :  during c losu re  (hic, TeL opening (Me, To), and a t r ia l  
systole (hips, rps). Only one movement of the valves is shown on the phonocardiogram (Me and Te). 
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All phases of the cardiac cycle can by determined separately for the left and right heart bloodlessly 
by ultrasonic Doppler-valvulocardiography (Fig. 3). Ultrasonic valvulocardtography also red, eels the idns- 
tie sequence of the varies and heart muscle and enables the contraction-rela~xation activity of the healthy 
human heart to be contrasted with the typical disturbances found in diseases, especially lesions of the heart  
valve. Such information has been obtained from the investigation of 60 healthy persons and 123 l:atlents~ 
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