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AßT ~TCW 0? Ö1BTA1I OTSIOLOGICAL FACTORS 
)N'THE vsoxoa BLEOTROOARBIOöR&K 

'.•''. e 

,.-e    p<* well as other authors . (B;A.KyandzuimtBeva ana V.l. 

tekollcin),   Have ..-riven attontSo«  to  the  considerable variability     j 

±n  the vectorcarcliogra»,««  compared with the electrocardiogram 

.;ll't,,.  h«ii'.-t^i»ri'in>Ta,'".iia the  same  subjects 
aao 

to detect  caangee  i.«"tae  state of tbe  cardio- have 'beet?  unac-Ie 

vaac-lar system b,   ordi.iary  clinical tests aid observations, 

however,   -Jich ^e complicated tii* proxies of ««alysis. 

We  studied & healthy young men 20 years of age.  After the 

aeual   clinical   studie» an* rtxmtgeaoKCopy  of the  chest,   we watfe 

,.   •«   „.-„-..<■» *-.~n of  t'---  Rts-tlard electrocardiogram with  the 

Lr,. ,     ,   ,,,.„ ..,  i,.,-,.^  (in   sf« cases o.:   the vectorcaröi.o- 

scope)   Lvxtii a seaiSinvj-M   ■■"1-   *",!  *-»;-- 

an^ectorcardioeraffl^^five ehest projection, (L-y tu* »eta 

of  l.v.Afculinichev)   i«  tue   band  o*  frequencies  M'  E^ro  to  125  c/s 

jne  es!, 

IOC 

.»■BGMC-MW*)«*«'*» 

1 - 



'initially in  tJie supine position, breathing spontaneously after ^ 

a preliöiiiiäzy tea-minute rest, and t.h&n upon holding the.  breath 

at tiiG niii^jit  of inspirstioij* at the hsiiiii of esrpxration«. r>o:--~ 

.. itioneö on t»ie left side, tuen or< tue ri^ht., aad ia the sitting 

position after 20 deep knee heads  in %)  seconds. '£b.e  studies were 

carried o--.?t at the.  smm  time, three kxmrs  after breakfast.. 

•»•3-_oar aaslj'sis of the ve<rt or cardiograms we gave special ett&n- 

tio--i to ike direction oi the Mii.5 loop, to changes in ite form, 

üimmisioTiaf  and oricßtatios» &.nd  also to changes in. the position 

of the T loop with respect to the C>ES loop, as projected on the 

screec of th&  vectorcarrtioscope witiioat construction of a spatial 

Tue original electrocardiograms and v&ciorearäiograKs, re- 

corded ia tue swpine position with tb.o subjects bre«tuin?f s'pont- 

ai:ieoa;5iy, corresponded in ail respects to tee normal as Described 

in iiiii  literature (i«.i»F©gei'son, i»i!»Akuiinichev, is.I.Kechker, 

3n, I»Slmrgaya, '£,.A .Eyandäshuritaeva and ¥, I.iiakolkiaj i,»$,Isoroiey~ 

ova anc I.iilgaat '.yeva).  Ysfitii transition: tu the sitting posi.ti.on 

the  veetorca.räic>rrara changes ir shape and diraeasiors in h'6  siib- 

iects, of which* in 19 tue OSS loop increased proportionately in 

all directions, principally ia projections I anc 1<V\   less ■ f ren» 

izent'ly it only widened, forming a -circle instead of a leaf or a 

£i£nrz  of eight; in isolated cases it was reduced in prelections 

11  and III«  In ail o£  these instances, there were no eiinnges 

i. in  tue electrocardiogram» J 



r In  -i9j subjects  the vectorcardioeram  .changed, nrimarily :by        f 

--«ans of:   an  increase   in  and  tiiesplaeewent   from tue  isoelectrlc 

fJO,:..tJ (.-    Ji     t,H.O    Iil;?a    SC,.;C';'.G.n\    Of    the    •:.;:: i;'i    i.COp,    W:Ü,Ci;    COXTL &''.:■■ öfiä?< 

to  tiio  a  -/av&  of   tko  eIäctrocarci,üs:ra:s   (tbo   vector   v-f the   ua!";e)f 

wiik  isiijialtarioous  cirninutior:   I:.>  tue  IsiKvtn   of ths  axis  of  the   iocm 

ivector <>;«:   the apex),     ikese c^art^ös., were ■-.,-•:yt   freqreütly see0  in 

projections  IV5, V,   and   2,   am:   indicated  a  ahift   in  the   electrical 

..axis  of  t:>e  her.rt   tc   tke  ri-ht,   which 'was  most  v-roRo-iraced  ia per- 

sons  of aetiieaic habitus* 

Svideiiee  of  a.isplaca.;.:e:.t   of  ta^   electrical  axis  of  the  heart 

to  ta&  ri.ivt   o/i  tie  eic-ctrcscai'diOirrsK   (rehuctio...:;  öf  Ä  .   ir-cr??.«* 
" 1'  " 

of  H, ,..,..,   appearance  of S-,)  i/aa notec  iu  21  o;f  2'5 sen;   Jn  ifi«   rc- 
ji. .=.. J j. ? 

Hiaining e?, edit  subjects neither iae  vectorcaroios-ram nor ike 

electrocardiogram  sho-nse.  c:>.r.r.gos. 

The  oi'lantstion   of the  üü  loop  ea&npeü  in  2i raea,   of  v,JiG?B 

111        four a  nkii't   in   il,s  saxiraua vector  was noted in   ?U"o;iee»» 

tio,i>s   i,   xiJ.,   IV,   aiii.  V;   iii  five   in pro.leetioßs   ill,   IVj   and V; 

1B  tares  3.U  projections   III  &Eti  !¥;   ari  in  eight,   only in   pro^ec™ 

tio.;)  V»     ike  most    sensitive,   was  pro:jec";:io!:;  V.,   which  records   DO-- 

teatials   i'ran tie ka«e  of the  heart»     In iisis projection,       his- 

piaceii'ifei'jt  of the  maximum vector sas seen  in  16  casea,.ei' which 

is  12 -the  shi.it v?as  clockwise   froi<> the  fifth or sixth .sector* to 

the  sixth,   seventh,,   or eighth sector  (apical   .semicircle*-}  and in 

four cases it 'was eexmierciociari.se to  the   fourth  or  third sec- 

*- tor   {interior  ^semicircle*).     In  projection   II,   changes  in  the or- J 



t ieatttion of the QRS loop did not occur. The direction of th* 
■if 

QRS  loop' did not  change in all projections* 

KüftCö,   displacement of the heart to the right upon shifting 

tö tue vertical position was reflected considerably more often in 

the vectorcardiogram than in the electrocardiogram* 

In  tne left decubitus position, ih.er-3  was an increase in the 

final portion of the QSS loop ±h 20 cases ia different projections 

and in different co-nbinatioae of projections, but this occurred 

■iaoat often in project.ion IV, slightly less often in projections 

I and ¥,  la this, some of the recordings shor/ed a simultaneous 

slight redaction in tiie long axis of the loop.  Of these 20, only 

in  eleven did the 'eiGCtrocardiogram show some  sipis of change 

^reduction in R , increase in RT....V, appearance of S„), 

isi the remaining 56 cases the electrocardiogram tiit* not 

change, white in the vector cardiogram of 18 subjects tiiere ^a?> 

ienftreningC elongation) of the QHS loop in ail projections; in 

four subjects, the  loop was widened in projection III and constr- 

icted is •oro;iecti«n II.  In the other 14 cases, the  electrocard- 

iogram in the left decubitue position slsowed no change«;.  Chaiiges 

in the orientation of the QMS  loop and in tue direction of the 

trace were  not observed in tars poraltior.. 

in  the  right decubitua position» in 23 suDjecis the vector« 

cardiogram showed increases ia the length and width of tue QRS 

lo&p, especially its tho. first »riddle, traaeiiioral, and second 

t-middle portions, primarily in projections IV, I and V. J 



Ahese  changes   in  tue  vectorcardiogram in  12 cases were as-   -? 

sociatec 7.1th an  increase in R,,   and appearance  or  -.increase of 

i i I. 
on  t.-- cisctroüsxaj.o(ij'i'cUis.  i..c;critaa,;;£ is; iim iäiithsl. or hh 

parts of ti:ie Qhvh loop were not seen with subjects in  t.ic rihit 

In the   otiiv.-r 33 cases, 0.0 c.-.-:&ttP\es ;>ecurs?e& xr- the veetor- 

c>r eiactrscarulograais. 

lis .projection II, which recorhs potentials primarily fron ise 

left ventricle» the-QRS loop also haenved so su.jsinntial changes. 

Changes iu tue oriüntatian of iho Q£!3 loop v/ere observed i» eijcht 

subjects; in four cases in projections III» IV, aaf; V, and in. 

.!.":■>■■: 1.5' others In. proriectioiv ¥ only« -In all vi these eases the i;ax- 

ifiiwra vector was displaced int;:e eIochud.se direction: in.  promo- 

tion   ill, Bd.th.In the limit es of sectors i&c>  to five, i.-:; projection 

IV i'rom the sixth to the first sector, and ia wrojeetio,: V from 

the fifth or sixth to the sixth, seventh« or eighth sectors» 

Changes.in the orientation oi   the QK3 loop were accompanied in on~ 

l>r rear cases by changes in the eiectx-ocardiogra^i characteristic 

of changes ia the electrical a^is of the heart to the left« ho 

changes were seen, in the direction of thy trace. 

hith breath holding at the height of irspdratioa, the fora 

ü-iyfi  diaeiasioüs of the vBS loop (Changed! iß 52 subjects«  In tnis, 

the CidB  loop was reduced in the K.;ajority of cases; it was e ex- 

pressed, as it were, chiefly through reduction' ix the saxim?**» 

'-vector or in all directions,        ia all projections or at   -* 



f least in the majority of them.  In 22 cases, moreover, tiiere wast 

a certain increaw in the final portion of the QRS loop, especia- 

lly in  projects o:,..s 111, V» ami 1« 

Charges in tna orientation of the QiiS loop were »oted in 20 

subjects, in four of whoa these  changes were seen in projections 

i, ill, IV, ann V; in. ioar in ;>ro;]eetions X, III, and V|    i& 

tniree only in projection Iv^anti in nine  only j.a projection V. 

iii t.as.a tne naxiesum vector of the loop «.-as displaced clockwise 

fay kO  to 90 degrees* 

The most sensitive .was projection V, in wbucii   . displace- 

ment occurred in 19 cases.  Only in projection 1  was the  displace- 

ment in the aaxiiuuR vector in four cases counter-clockwise, as 

far as +10 to +30 degrees.  The direction of the loop oid not 

change« 

Sisplace...<rB.t of the electrical axis to the right at the 

neight >Qr  inspection.; was seen in the electrocardiogram in 31 sub- 

jects,  After cdeep inspection.» expiration restored th& öri£-i.;jßl 

veetonearnio^rnra; the QE;5 loop again increased'; there vms  !!xusi« 

on" primarily tfl.rough increase in tue saxiaiua vector; tea tha orig- 

inal size of the vector of tlie bass was restored» 

in isolated instances in wkxch, upon inspiration, there v/as 

;not a reduction but a tad form increase iln the QRS loop in projections 

X? and ¥ ', deep expiration caused a reduction ("compress™ 

ioxn'U of the  loon. The  original orientation of  tho maximum vec- 

tor of the QRS loop was also restored* J 



After 20 deep knee bends in  30 seconds, in  15 cases the fors% 

ar-d dimensions of tie ORS loop of the veetoreardiogram aad elec- 

trocartd.ogra;a avowed no eüaBees*  I.n 2ii subjects &h.ere  was a 

lengthening of the  T .loop and &ß iBcrea^e in the Eiaxisiuii! vector 

of the Q33 either in ail or in  different combinations of several 

of tfcs projections; the QRS loops in-all cases ware elongated, 

and soaeii^ee markedly constricted,  These changes c/ere öccöopaa*- 

ieö oaly in 12 persons fay a general increase in the waves of the 

QBE  complex of the electrocardiogram. 

is 13 subject» there iras a moderate, uniforms redaction in 

the iJ;l$ loop, usually i.a projection'II (primarily .eosrpressioa )v 

srith  parallel Widening of itj primarily in projection III»  la 

eight of tine 1? casas there was a slisitt reduction in E^ and an 
i. 

increase in fiu..,..,. in.  the electrocardio^r-aöu 
i, JL X " 

Tiie taasimiEs QRS vector in projection ¥ was displaced clock- 

wise within limits of 30 to 90 degrees in seven subjects*  Changes 

were not observed i.A the direction oi tue QR8 loop following phys- 

ical exercise« 

As concern.-:, the inter-relationships oi the QuS  and T loops, 

ti the latter, as a rule, renainad directed eoa;#6Maatly■. liker all «■-<»- 

:conditions, being situated within the QRS loop, and only in isol- 

ated cases, with masked^. JecHspression'• aB*^ considerable elongation... 

of the- QRS loop, *.vas the T  loop situate« outside the limits of 

the QJiS loop, T8>h-i.}.e remaining'parallel with it. 

J 



UöHCI US! üj'i;J ^ *f 

{!)     BisniaeeiMeni  oi  the  heart   (with   cnsainjpa   isi  the   posi- 

tion,  ol   i...i,ü   j(id;;   a.u> w.v cii  re-a;'!.* rst.i oa)   and  pi.yoicai   exorcise  la 

fse&lihy  people  <ly  not   influeuee  tue  direction of  tue  pR3  lp«o  of 

tPe veeiorcaraiogram.i?rtne mutual   disposition  of  the  loops   CC.RS and 

and  öo not  cause  u;arixed teinrsaiiona  of the f- in .*, ; -'. v "«■.,» * 

feature;;  of tna ¥eeicu'eardiepr«ra are  stable with  respect   to  tin» 

aDove-woiitioned physio losple   influences* 

(2)     in« 1'oriB,   diKeusions, and,   to a  lesser decree.   t:;e orien- 

tatioi'ä  of the  iltS   loop  of tii pree.jra.uil  veeisrcarta.apraKp   espec- 

ially  in projections  ¥%IVi   and  X,   are  unstable  and variable  fea- 

tures  of tin*   vectörcardi ograffi.» 

13)   Upon   nuiiiing  to a  vertical  positions   or .to the  left  de- 

coitus  position,   in   scene  cases  there  nras su  increane  in  tie   fin- 

al  part   of  inn  QH.Ä  loop  (the  vector oi'  tha   i'.'i&s»e)  ^.itb.  siuuiiianeGas 

reduction  in   tm?  rstaxinnr;: vector;   in  oihsr caries  tnt  GÜ3  loop  in- 

creased proportionately  in  all  directions or <nas  eonniuenably  el" 

ongatfcd  in  all  or in  a tt;a;|oiuiiy  of. pre jecti. ons, 

(4)  She  vecicreardiagram   clis-Eged_ frequently am', warnedLy  in 

eosu.ftctioii with  tno   pnasen  oi  respiration.     Seep  inspiration,   as 

a  rulep caused, a  pronounced  reduction  in  the  QR3  loop,   especially 

ox  ins  aaniffiUB» vector;   in  sows  canes  tnere were  enajppes 'in  tue 

orienin.iiou. of  tec  QRS  loop   (niGpi;scsuüent   in a  cioennine  uirect- 

ion pri-naruiy .in  pro ,i action V,   and,   to  a  iaseer  extent,   in  pro» 

^idctionn  I,   III,   and  IV),     Expiration   restored   to«  original  vec- i 



t ores reiio gram« _ 

\''j)  Ai'tC'T pii;/sical. sxereijäc-s* there was in sorss cases art iß-» 

crease in the icaximmz  QfcS vector and an elongation of täo T loup 

is» ail or in di£fere.at coebi.natioRs of the aajority of projections; 

in. other cases there was a uniform reduction in the QRS loop in 

projection 11 with, siaai.taneous broSdeiilng of it in projection IIl'ä;' 

(6) To changes in. the position -y£  the heart in the chest 

and to physical stress, the vector-cardiogram reacts with ssuch jssore 

sensitivity than tl»e electrocardiogram, since the  vector-cardio- 

gram reflects more fully the electrical activity of thes heart, 

Akuliniciiev, 1.3!», "Klin, ked,sf iCliaical Keoicxne I, 1951, Ko.o, 

44 
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