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Fopr recording purneses, we uaed t~ﬂ VENS-01. apparatus, wita a

sensitivity of one mv = twn Cil.

s

T addition to vectorcardiograms, in nll patients we look el
ectrocariiograns ug ng standaré and unipolar leads Iron the extr-

emities ané the chest. in anplyeis of toe vectarcardloirrms,

af ronontgenclaopgic and

ge eontipualiy comoared the Jata

clinical investigations. Hruic atiention in tuls was given to lbe

loop of tas vectoresrdiogran, Insofar a2 it

was possible with the avioilable cdegree of arplification of the an-
saratus, we also analyeed the end components oi tae veetorcarclio-

gram - the T loop and tize 8~T unection:

in evaluatiny the spatial,pasitidx of the 448 loop, it shoulid
first be noticed that, in left ventricular Lkypertropiy, thcre is
a teundency toward displecenent around the sagittal axis in g counter-

clocrmise direction, i.e. fyon left to right. “he wost sensitive

'in this respeet is proiection I. In the pormatl the pr:scznal

A

i,
|

axig of tne loop in this arojection is fo.nd in the sector frou
+50 to +%5 deprees; in left veniriguiar hypertropby the sector is
displaced to the left, gecupying a position from +50 to -10 deg-

ress. .owever, in the eary stayes of hypertrophy, tihis change is
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Fig., 1. Plscement of the prinmcipal axis of the Q&S
and T loops in hypertrophy of the left ventricle in
tue system of projections of I. T, Akulinichev,

?ig. 2. Scheme of changes in the QRS loop in leftd
ventricular hypertrophy {in projectlon 111, ac~
cording te the method of I. T. Akulinichev).
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'cummanly absent; in this there is not infrequently a normal or =

even verticad position of tane privecipal (R85 axis. in projection
II of tie vectorcardiogram, the principal axis of tae L3S loop &
oréinavily situated in the nector from +10G to +45 degrees, in

projection X1 ffom +80 to +25 degrees, in projection IV irom +100

1o +20‘&egrees)and in ﬁrojectiox vV from +90 o +20 cdeprees {(¥Fig.l).
The éec&nﬂ tynical cuange wiih respect té ibe spatial eituau.

tio; oﬁ the LR3I 109@ is g tencency to & siishi ;shift-. about 1its
leny awis in a counterclockwise direction {(when viewed from ithe
apex of tue loopl. This :shifﬁ congists in the fact tﬁat,ﬁordﬁ
inarily, the diaweter of the ORS louwn is greetest in projections
111 anc I and i;ast in praiection TI. In this, the plane of tue
GwS loop becoses, as it vere, paraliel to the plane of lead 11X

of tue vectorecarciomram (mlong tae X axis). Ls a result oi this

s shift, . tiere—is in §rojecticn I theqladp rotatéghé&ﬁnter-
ﬂiac;wise; sinpce thisvlshift s slignt, in no projection o) ithe
vectorcardiogram is tre direction of rdtatioﬁ of the loop so great-

n projection IX,

o

ol

iy altered as to exceed tae limits of normal.

just as in the normal, the rototion of the €25 loop is counter-

ciociwire, but iz clockwise in prajection 111, Althoupn tais
tshift of the U8 loop ‘was quite: . twplcal for left ventricu~
lar hypcrt?aphy; nonesheless ip some cases, in projection i, the

o

loop ¥ tiie vecturcardiogram vas iengz, parrow, and crossed; tizis

incicates tihat ite plane is peruendicular to the plane of wrojec-
L tion L of the vectorcarciosram. In this, in projoetions IV and A

¢




is esaentlalfthai tais predomi

YV, taer: is alsc erozsisg. These va liants vere counonly conbined o
@ith the woat vertical position of the loop (froewm +0u o +70 de-

evider iy, -ere assoscinted with

srces) in projection I =

oripinal vertical poritien of tuw neart.,

. Ancther change characterlstic of left ventricu aypertropuy

rae an inerease in the area of ino loop., If with the - de~

nfhich @ u.sexi
aratus {mentioned above), this
¢

e of amplification of tae av

soes not exceed seven to eight se. cme, then

GRS loew is increased consii-

the left wentricle the ares

T

ersbly, reacling, in soase instances, 70 to 8¢ sg. em. The increase

in the avem of the 0AS loop to such diwenﬁicmé gpparently nroceecs
posailel to the development of hypoertrophy. Umly in early formse
0i uypertrophy, and also with mar .ed c&rajasclero;is, iz tne area
1 the Uih lon 6ot significiantly differweni from that of the
normal loon. |

The most charactoristic and copstant change dn lefi ventric-

ular nypertrophy, from cur point of view, was

form of the RS loop, ssnoeimbted with a precominiaunce of rorecs

or of veetor directed posterioriy and to the left. in tuois

to note ) o
wositerior and left forces

oceur at differsnt tives during the &8 period, cependiny ap-
[} s s

of mypertrrshy, and this ino turn deteraines

parestly on thw
the noture of the changes in the form of the vR3 loosp.

-l

e were successiul ib obperviag the cyramics ol caasn

locp with progress oi aypertropuy. Tiis is



¢ Siown in the scheme (Fizp.2), wiich represents the @RS loop inp |

nrojection XIl, where thess chni_es are moest noticeable.

rerae i L.an

ventricular sypertrop.v (in y

to tie met.od of I.7.Axiutinichev)

-

Barly chanpes in the vectorcardiogram in left ventricalar
syperirophy ordinarily connitted im the arearance :of an &l ey

ditional pole at the end of Tae L% loom waicha not inredwe*t1¢

i

was direcied

ek

predominated over the basic pole {(Fig.2, b ané ¢} a

toward the fijts slectrode. As a result of this,

came rounded and widened; a cuts siderable part of it eas troced in

the left lower wquadrant oi projection YY1, VWith ~rogressios of

tie ansearance of the acditional pole was ohserved

to cceur esrlicr and eariier. Gxternally this was exvreszsed in
a wgradaan. anocroxiwmation ¢f the asditional pole to tire bagic one,
wh.ehoin turn led 4o the uroduction of & long and narrow loop in-
¢lined posteriorly and to the led { as well ag siightly upuara,
as cowpared with‘tne pormsal (Fig.Z, d,e,{ and ). ins linit of

this ehaﬂngeﬂwas the formation of long doops, forquent-

1y withh cwvon

A

{in pearly all srojections), which is typieal

of left nun-le branch Lloew (E.g.z,h). Thoas Qynoeeies ol the

is uncencitionally scheuatl

[¢]
-

nanrce of left and vosterior forces was nost alwars

ex ressed in the formatiosn of a sronounced additional pole, but




in thes@ cases tihe 4R3 loop was nearly round, and most of it was«y
located in tue }1eft 1ower‘quadraui of proiection IIX. arallel
with this change in the form of the 85 loon, there was an ince
rease in itﬁ‘area. The 1arg@$t area oi the QAL loop was noted in
gtages c,d, and e (see Ii; 2). The grea of long, narrow loops
was orainarily not so large, whereas the axis of tne loop surp-
sesed the normal by two to two and a ha f times. 1In caszes of
long~standing change, thers was a reduction in tihe lengin ol fhe

isop, but the Form remained marrow, slightly eloangated, and not

rogsed ..

Cinfreguently i
. o

The gradual approximation of the ascitienal ané tac basic
roles of the uif loows and the formation of long, narraw-igapé
(iig.2, e,f,2, anc h)wmre acgociated, as a rale,'vitﬂ a cumstaﬁt
disturbance ¢f dptraventricular cc»mi.uc’c:gozz.s

Togetier witn changes in the'QRS loop there ware chonges in
the 1 loop and tae Sg? junction. ‘fhe U loop snowed a ten. ency to
ehanges in orientation in a direction osposite to that oi the
GRS loop, and situated in projection I in the sector from +50 to
-150 degrees, in prdjection II in the gector from 480 to =100
degrees, in projection IJT in the sector frow +105 to =90 degrees,
in projeetion ¥V in the sector from +U% to =150 degrees, and in
projection ¥V in tho sedior from +140 to=120 degrees.

In addition to the oriszntation of the T loop, t:eré were

changes in the form of iv: from strictly oval it cons erted to

‘round, with 1rregul4r orientations, or bhecame elongated. Comuonlwd




the T loop was increased, but not infrequently there was a dim- 4«
inution in it. ‘fTogether with changes in the T loop, there was

more or less fallurs of the QRS looy to close prior tooop.
‘tracing the T loop. ) )

These changes in the T loop were uonguestiorably intensified
with progression of  hypertrophy and of the changes in the myocard-
inm aseociated with it, but we covld discern no strict coinection
with the above-meniioued Gytamics of changes in tae (WS loop.
Blongation of the QRS loop, as a rule, was accompanied by changes
inftﬁe 3=T junction and the T loop, but as to the rounded.forms
of the GRS loops, in t.is we obsefvedgithera completely unchanged
T lovp or! ."fé&ﬁ{@:d changes in bathuthe_"l‘ loop a.né. the 8T ,ju,nctidh.

Such were the geuerai characteristics of chénges waich we
were able to detect in cazes of left ventricular‘hypgrtrﬁphy._‘

in snalysing our fimdings, we canditionally divided ail of
our patients inte three groups,depending upon thé dégree of
progression: in them of the concition ef left véntricuiar hyperf
tropay.

The first group contained pafieats with K early or moderate
developnent of hypertropay. Tnis ingiaded natientg with hyper-
tropay in stage I, chronic nepur:itis (hypgftenﬁive form) with
dizease of less tian two years' duration, mitrel valvalar Gig~
ease with predominance of indufficiency but still compensated,
and the initial stagesof aortic valvular disease.

As an iilﬁstrationz let us consider a case.

Patient S., 23 years old, entered the clinic December 25, 4
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1957 with a diaznesis of caronic neparitis. In 19446 he haa suf-4

fervd acute nephritis.  Zince Auapust 19

he had noticed incre-

i

ame in blood prescuve to Low/10U wa .g; since decenber 1957 the

v

arterisi pressure hod iscreased to 1907120 ma llg. ke left bord-
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er of the neart wa line; the heaft ftones
were.clear, and A2 way greater thea P3. The arterlal pressure

4 3 £ g - 3:' NS G FeYa T e ixo B oy o b ef P .- Y
varied from 1507103 to 21043140 mn Ho.  Aeray studies sauwed a

2

mocerate increase in heast size, predowivantly of the left vo R A

ricie, : _ B o
80G (¥Fi..3) showed sormal position of the eleetrical axis

of theheart, with deep & waves in the chest leads. Om the vec-

LoFCardl osvan he?rxnclpﬁk axis of tne 435 loop was displmced to

&
the left and pesteriocrly. Rotation . of t.e uRS loop in tne first
uroiection was cournterclocivise, Tohere was an increase in the

%3

are of tho % loop to 15.% sg.em. ‘fhe was gleaPly visible ter-

miral cevistion of tee € loop in wprejectiors I, IIY, ané IV teo

the left and nosteriorly. loop changed in type, as
ghown iu Jiz.2,d. ‘Toe orientation of the T loop chanzed very
iittle, buvin projectiocns I and 11X the U loop was slightly in-

craeacsed and deformed {(see Fi;




In this caze the vectorcardiogran permitteé_pbsitive diag=
nogia of left vont&icqlar hyvpertroshy, whereas there wvere no
changes on tne slectrocardisgric,

The second group compri%éd patients with advanced hyperiro-
phy, in waich - = ventricular dilatation was moderate (hyperteng—
ion staze II, chyronic penbri tla.w1tn dlee;ue of more than one to
two years' duration, acrtic valvelar disease with pronounced cline
ical manifestations).

Patient K., 33 yeargbld, entered the elinic on 14 {eiober
195¢ with a diagnosis of aortic valvular cisease thh predominance
of stenosis of the aortic valve, in 1943, the heart les=
ien had aeam,daiected on roafi“e examinaticn. Since 1932 the
paticut hed suffered dy@pnaa and pain in the heaft region on
waliking.

ihe left govorder of the heart was iwo em bejunu the mid-clave
icular line. There were loud systolic and fainﬁiastolic mur-
murg in the aortic region. “ihe arterial pressure was 95/75 mm
g, H-ray showed enlargemesnt of the heart to the left; the ret-
rocardial distance in the second obliogue éositidn was reduced
by the shadow of the considerably enlarged left ventricle: t{he

aorta was Widened and irrepulsr, especially in the ascending

portion of the aortic arch.
ELG (Fig.4} showed deviation of the electrical axis c¢f the
neart to ithe left, inverted ¥ waves in standard leads I and II

and . X . .
t. and in the left chesgt leads é%presszon of the S5-T segwent in 4

— 11 ——




, leads I, II, anc .Vﬁ. Un the vectorcardiogram theprincipal axis 4
of the GRS loop was considerably displaced to the left and post-
eriorly. There wés an increase in tue GRS arsa to 16 sq.cm. The
forii of the ORS loop was modified in accordance with tne type
ghown in PFig.2,f. The 4GRS loop was not closed. The T loop was
gharply deviated to the right and upward in a direction ovpprosite
to that of the GRS loop, wiich was to the left and backward as
recorded by the.cube system, The QRS loop was not closed and was
in;g directicn .opposite to that of the T loop {see Fig.%).
The taird group comprised patients in whom bypertrophy of
the left ventricle was complicated by marked dilatation and bf  ~
conjoint cardioseclerotic changes with distmarbance of cénduc;.
tion pathways (aortic. valvular disease and hypertension stage
I11).
Patient L., 43 years old, entereé the ¢linic on’April §,
1959 with ‘the diagnosis of subacute bacterial endacarditis and sort-
ic insufficiency starting in October of 1958.
. e,i&e left border of the heart was two émnbeybnd the mid~clavicular
At‘éntkin's point and over the aorta, systolic and diastolic mur-
murs could be heard. The blood pressure was 13G/45 mm Hg. X-ray
of the chest showed enlargement of the heart (left ventricle).
The BECG (Fig.5) showed ceviation of the electrical axis of
the heart to the lgft; the QRS interval ﬁas U.13 second; the T

wave in standard lead I and in the left chest leads was inverted.

v The $-T seguent was depressed in the same leads. Conclusion: left
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bundle branch block. . the vectoreardiopgram tne srincipal
' RS .
axis of the loop was gharply disnlaced te the left aud baclk-

vard. ‘There wes an increase in tee RS area to 12,7 sg.on. dae

, as not closed, and wis

@

GRS loop was changed asg snown la Yip.2,
X

directed c%w“‘ ite to the éirection of the T loop., The & loop was

orientad to the right and anterioriy. ©On the vactarcardionran ro-

corced by the cube system there was cevistion o the 18 loop to
: the left, vosterisrly, ana aupeard. Rotation of the uiid loop in

. counter-
tie horizontal plane wasfclockuise (in left bundie hranch block

tie rototion oi the G5 loop ig ordinarily clochwi se).

fige.s = Vecltoreardiogran
and ZCGE of patient

L.

,, i
fillse . 3
A U g e

u tihis case the vectorcardiogram, recorded by the Awulini-

b

chev systeun, saowed a transition Iroxn tazp cture of left veutric-
alar uypertropay 1o tant of left hundle branch block.

Jur findings on the ciangss of the vectorcardiograwm in ief
rentricular hvpertrophy are in fundamental agre ement witih the

findings of a number of Soviet and ioreign authors (Z.E.Dorofey-




3 Ml.I.Kechiter,1958; u.h.FPartakovekiy

‘eve and I.F.Ignat'yeva, i-

and L.A.Soloviyeva, 19503 Grisinan and deberlis, 12523 Hoxran,

Jori
&
o

Burch, ané Abildsitov, 19%%; lanbh, Groggurin, and luchosal,

-

Pantri dge and asscciataes, 19%0; venger, 1955,

.This study has convinced us of tpe fact toat vectorcardio-
sraphy is an excellent supplement to tue asual E£0G studies in the
23 + - ¥y

3

tippnesis of left wentriculsr hypertrophy, and,in cases of the

¥ f

ear}y’farms of hyp@rtrophy}naﬁ o tecided advantare over the

{1} Aralysis was made. of 140 vectorcardiograms of patients
with left ventficulﬁr‘hnpahtrebhy. |

i(Q) Véctarcar*zoyramu in left ventiicular hvpﬁrtrﬁuwy shuu
chavacteristic chan TES eNpIe Qued in: tﬁc form of an increase in

and.

the QIS area, changes in the spatial vosition and forwm of the
GRS and T loops.

(3) Vectorcardiograpay is an exceileﬁtssupplementary method
to the asual FOG stuaiGS'fur specifying the cezree of hyparirephy

amd, in cases of the early disenosis of left veniricubar hyper-

trophy, has cefinite advantages over the iCG.
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