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[Fellowing 3s the translation of an article

by M. I. Kechher entitisd "Vekiorkardlogramma
pri Gipertrofii Hickards Lsvogo Zheludcohks
Gerdtes® (English version shove) in _
Kiinicheskays Hediteina (Clinlesl Medleine),
Vol. XLI, No. 6, Hoseow, 1960, pages 53«60, ]

nepartment I of Therspy of the Cenitral
fratitute for the ffdvanced Training of
Parsiciene {Direstor - actlve member of the
Avedenmy of Medlsdl Selenses UBSR,distlnguished
satentific worker, Frof. M. §. Vovel) and the
Flestrophysiolony Leboratory (Dirscbor =
condidate of medical solences Ye, I. Borlsova)
of the Hospiial imeni §. P. Botkin (bead
plysiclay - Prof. A, ¥. Shebanov)

The hyperirophled musele fibsr produces &n inten-=
gified elsoiricsl potential. During the movement of the
woivs of etimwlatien theongh the vegion of hyperiroyhlied
pyessrdivg, the ssplitude o the veabore sorrespnsmidling o
the iverszase iz pobentiasl of this reglon must be greater
then nornsl. Yenger remarks on the Increzse in anplltude
of the vestorcardicgras in a series of ecaeses of myoeardlal
hyperbropuy. He polubz oub that, dus to the increass in
the GRE loop, the vashoreardiogran 1s capable ol demons~
ghrating very early chanmges of hyperivephy of the myo-
ecardium. An opinlon econcerning the possibllity of
| vectoreardicgraephic supplementatlion of electrooapdlio~
rrophic Gate in syocardisl hypsrivephy is also srpresned




dlsgnesis, we have attempted to use the method of pre-
eordial veshborcardiography to oblaln edditional data on
 the pregencs and extent of myocsrdiasl hypertrophy.

 the myosardivm. This modifled the magnitude, form, and

R —

i
by Scai-Paliares,; Klepzig, Doll, Reldell, and others. [
: !
!

Bowever, the numerous vestorcardlographle studles
of the hyperirophied myocardlium have nodh lavarlably yielded!
the spbieipsted reenlts. The demonstrated changes have !
heen dletinguished by an extreme inconstancy. Thus, an §
incresse in the sizs of the GRS loop has besn seen only In:
& swmall nuvber of cases. It 1s poseible thebt, in taking
the vestorcardiogran by the cubs and tetrahedrsal methods,
the cause of fallure has been an imsufficlent sensltlvity
of the electrodes and the levelling out of small changes |
by the non-uniformity of resistance in the conducting
tiggues between the beart and the slisetrodes. Mouguin,
Bilovanovieh, and Pouret, &g well as Riylan, have obsarved
that approxinetion of the electrodes to the heart, with
conpoouent inerease In thelir sensitivity, is of grest
importance for obtaining sulitable data on the dleiribution
ef gbimnlation within the myocardium.

In conmection with the above, and aleso taking into
gocovmt that an evalustion of myoccardiasl hypsrirophy of
the left veniricles is of considserable cliuloearl importancs !
and offevs great difficulties for the existing modes of

Studies wore made of 50 patlents in vhom 1t was

i poosible o suspest the presence of left ventriculsr

hypevtrophy. The sgee of the patients wers from 20 to 69
years. The depres of hyperitrophy in the patlents studied |
by ve varisd, In some patlents there was evidanee of §
mycgenic dllatation of the hesrt due 10 the spresad of i
fibvrosian in the wyoccardiuw or to dystrovhy of the bulk of

ortentaiion of the GRS loop due to reduection in the mass
of elaatricslly actlive myccardium.

The patients wers dlvided inte three groups. The
firet grouy included 13 pabtients with the early stages of
laeft venbrioular hyperirophy, without increase or with
only negligible inereass in the size of the X-ray shadow
of the besrt., They had suffered for briefl perlods with
hyperiension, chronice nephritlis, or rheuatlce aortic
valvuler disesse, In these patients there were no slgns
of ezprdlae fallore. In the sscond group were 30 patients
with wnguestionable hypertrophy of the left ventricle
(1onger durehion of the disease, hsaving apleal impulee,
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‘rounding up of the apex of the left ventrlele on L=ray,
‘and slizht extension of the left hesrt bordsr 10 the left
tand posteriorly). Some of these patlents suffered dyspnea
luporn rapid walklng snd sllght physical exertion. The

| third groun aouprlised 16 patierts in whom, sgalnal a back-
Leround of lefi ventriculer hypertrophy, there was ponside
eroble dilstation of the chambers of the heart. Objlective
atudies showed a diffuse spliesl lmpulse; X-ray examination
ghowed the heart to be closely spplied to the dlaphragn,
with the hesrt shadow enlarged to the left and gometines
s1ightly to the right zs well. In all of these patients
there wos left ventricular or total cardlac decompensd-
¢ion, shage 11 or III, which responded poorly to treatment
with osrdlse glycesldes.

poata were baken on all patients from 12 leads (six
1imh lesds and 81X chest leads) and presordlal vector-
cardiograne by the rectangulsr pyramid method of I. 7.
Awuliniehev, Vectorecardlograms and ECG's were taken with
the VEIS~0L mppsretus at an amplification of one mv =
= ben mm, Parallel recordings of the vertorcardlogram
were teken by the cube method with the "ektorvizokard"”
apparatue at en amplification of ons mv = 30 mim.

Fop demonetvation of the characteristlic veotor-
cardlographie changes of left ventricular nypertrophy, we
first anslyzed the vectorcardiograms of the patlents in
zrovp IT. In these patlents there was gleay-cul hypepr«
tropby of the left vemirlcle without elinical evidence of
ailtabion. Henee, 1% must be supposed that the basle
pethologic chenges dlscovered in the vectoranrdlograns of
guch peiients are due primarily to the hypertrophic pyro-
pess 1n the left ventricle.

The GRS loop of the vechorcardlogram in patients of
grovp 11 was orlented, 1ln the najority of cases, horlizone
tally or slightly to the left, inferlorly, and markedly
posherioriy. Flgure 1 shows the orientation of the maxie
pum ventors of projections of the QRS loops of Tagtoprs-
cardioppans taken by the eystem of procordial leads in the

-

50 petients of group IT and in 30 healthy controls.
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1 = Direction of the 2 « Direction of the
perimum veckor of the  maximum vestor of the
Gr&s loop of the gaat@?w QRS loop of vestor-
cardiogreana of healthy cardiograms of patlente
gubjests. with left ventricular

hypertrophy.
Figure 1

T4 ghould be noted thet the directions of the maxy =
won vechops of the frontal projections, taken by both

of reserding, show only a slight difference (0 to
sa); however, in four csses, the divergence of

s tydlees reached 20 to 30 dsgrees, lIn Gouparing

. with the indices of direction of the elect insl axls
60 detormined by standsed and by unipolar 1imb

| gut thet somotimes the lndices of the system of pracordisl
lleads wers closer, and gometimes the indices of the
ivgutorcardiogran taken by the ocube syeten were Closer.
ipespite the faet that the devigtion of the elesctrlcal axis
rof the EGG was quibte variable, for the most part it indli-
onted o direction of 10 to 25 degrses further to the left

Jromcci ot ottt ene

Yesde (frontsl plane of the Eimthoven triangle), it turpsd




Ndevistion of the electrical sxis to the left is seen only

{the antero-posberior orientation of the QRE loop by mesns

}

them 414 ine alrection of the meximum vecter of the QRS

100D,

prcording to all of the ahove-menkioned pethods of
Jetermining the projsctions of the elsctromobive forees in
the frombtal plane in left ventricular hypertrophy, the
sleatrical axls 1s disposed horizontally, rarely in ihe
internediste reglon or incllned 81lightly to the left. The
iatter, however, 1is geen in cases of the more serious type,
bordering on group III. As Craznt pointa oul, considerable

sn cases of merked dllatation of the vantricles and is
psaocisbed with the development of fibroslis of the myocer-
Atlum end disturbances of myocardial eonductlon.
il .

| A constant snd pronounced devigbion posteriorly 1=
seen in the diresticn of the QRS loop. Regardless of
whether we sumuabed the deviatlions of the meximum vestors
or of the middle vecwors, or the meximom axes of pro-
jections IT end IIX or of 1V and V, the tohtal deviation in
20 pgses of the 30 was posterior, balng greater in 23 cases)
then the maximun pesterior devigbion cheerved in the
veotorcardiograms of heallhy psrsinsg. The marimum vestor
of the sazittsl projectlion of the GRS loop by the cube
method in 28 of 20 cases was directed posteriorly; in 20
patients, the angle slpha execeeded +110 depress (greaber
than the posterior deviation in the normal}. Hencs, the
deviabion of the QRS loop posteriorly must be accapheld as
eharecteristic of the vectorcardlogran of patients wibth
1ett vertrieuler hypertrophy. %The sgreement in the abgo«
1ube majority of these cases in the orientation of the ORI
toop posteriorly upon analysls of veotorcsrdiograms Laksn
by beth ebove-mentioned metkods confirme the sorrsctness i
of the method recommended by us Tor the determination of

of pummsting the deviationa of the maximum vectors of Lwo
weejertliong.

The nexh vectoreardiographic algn of left ventriosu-
ler hyparbrophy 18 the presence of a largs arc {a} at ths
upper seguent of the secending curve of the QRS loop.. This
are ie ortented fraguently to the left and is almost _
syuvariably considerably posterlor (in 27 of 30 patients).
I vestoresrdlograns taken by the cubse method, this are l1s
tess obvious and is leas frequently encountered (in 19 of
(26 seses}. The appaarance of are (&) of the QRS loop 1r
i probhably copnected with hypertrophy of the postero-basiler
{portion of the left ventricle.




- 7o characterize the dimenslions of &rc () and its
igirection, we deternined the angle (gamma) between the a
ipum vector snd the maximus sxlis, Ag wses predicted, tha]

Iy nwn sxis of the QE leop wab gttuated to the lefl and

nosteriorly Trom Phe saximam vertor in all patlents of group
Tt in which an arc wes present. The angle gamsa of 0 BT
mum projection verled from aight to 25 degrees and more. |

i}
f
i

deviation anterlorly and 1o the right {(the areas of il was
ot more than one~fifth the ares of the QRS loop). The

vrate of evoilution of ihe Initial part of the QRS loop was
slow, which is spparent in the thickening of the trase and |
the reductisn in magnitude of the marking intervals and of i
the ssmuents of the eurve. The termlinal deviatlion beging
withouh asny elear-cub delimitation immedistely alter arc ‘
(2}, In the majority of cases the sscending curve of Lie
R loop 1s more prolonged than the descending. j

‘ he movement of the trace of the boan which defines |

g Ir all 30 ceses the QRS loop had a alight initlial §

' e n \ . . : Y Yt . !
e GRA ioop, in the presence of lett venbrioular hyper=- :
trophy, 19 sounter-clockwise in projectlon I in 24 of 30 i
iepseg, According to ths ripdinegs of M. I. Kechker and :
Dl & . 5 !
“h. I, Shurgsya, ln the normpal the situation is reversed. |

¢

The ceges in which the evolubion is clockwilse include tnose
Leith more protracted QRS locpa with » tendency to verbleal

H
§pa;itimm, notation of the frontal projectlon of the QRO |
doop In & counter-clockwiae direction 1z assocliated, it ;
meong, with horisontal position of the 1o¢op. However,
Lhers were instances of an intermediste positlon in leflt
gvau%?i@ular hypertrophy with rotation of the bean countar-
nlookwise, Projectlons I, I1I, IV, and V of the GRS

Toop exhibit the following rotations of the beam: II - ,
counbher-~clockwlae; the other three - cloakwise in the greab

g 8ty - o, ST
majority of cases.

s
~? 03

charachberistic of any site of myosardial
n incresse in vestors, reflecting an Laee ;

elentrical potentisl of the hypertrophiled
nore extensive the hypertropbled portion of

%, the longer must ths corpesnonding part of the
AELAR p gonbinue 8t the greater distence firow the g0~
lelestric point, $.6., the grester must be thae sres of the
i 100p,  Flsnimetric penmurenents were made of the aress
lof oRS loops in 30 patients of group II. With presordial
veeloreardlograns, 1n 24 patiente there was an incrsase in
ble By of the grestest prolection (ugurlly projectlion
111} of the QRO Lloop 88 compared with the normal 0NEY LM e

ey

-

&
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0f the remasining six, in Tive it was greater, and in only
lone was it slightly less, than the averasge normal value for|
ithe ares. The ares of the grsatest projection of the QRS
incp in patients of group II vho had hypertension and
chronic neprhritis varled from 1.5 to 15 sg. om. {nornsd
from G.7 t0 3.1 £g. cli.}» In patients with aoriic e lvil-
sr dlsenss, the area of the QRS loop varled from 4.% to
17.1 86 om. The greater ares of the GRS loop in sortic
valvular dlseass is the result of a prolonged compensalory
procesa beglrming esriy in 1ife. In this, the nyocardium
vrobably possesses bettsr opportunities for hypertrophy.
In young patlente with hypertension and chyronle nephritis,
the aresn of the QRS loop is greater then in older porsing.
A8 pointed out by &. L. Myasulkov, "In young patients with
nyportension, myocardlal hyperirophy develops more gulekly
land to & greoster extent..., woereas ln older patlents the
development is slowsr and less merked". | .

fhe area of the GRS loop in vectorcardiograms taken
by the cube method in the seme patlents varied from 0.3 bo
four Bg. em. Iu 18 pateints there was su increase in the
sren &8 compared with the normsl; of the remaining 1l
copes, in three ths ares wes very smell. Fron these cases
it 48 appavent that, even in cases of advanced hyperirophy
af the lefi ventricle the cube msthod demonsirates an in-
oreased QRS area less uniforwly than does the precordlal
vestorsardiogram. In addition to the causes indicabed
above, the grester number of projectious of the precordial
veshoresrdingran improvés the informetion derived. Une of
the five projections corresponds mest elesely in meanitude
to the spabtial ares of the QRS loop. Recordings taken
potwean olectrodes I and III, near the anstomlce axle,
exhibit the greatest difference in potentlals.

The mazimu vecbor of the QRS loop in these sane i
pobients wae not leas than 1.8 mv (18 mo) end attained, in
& rer of csses, seven to eight my {70-80 mn}. In 18
G s 208 length egualled or ezcandsd ZH s, LaGa, WHE
grester thon normal. Probebly, the srea and the maXiRm
vectors of the QRS loop dspend primerily on the degres of
myoesriial hyperirophy. Thess indicss {espealially the
aren} ineresss with progreasion of dsvelopment of hypors-
Lpophy In &1l casss exeept four, the GHS loup of the pra-
gordisl rectorcardiogran was nobt closed. The T loop was
tdiscordant from the QRS loop of the precordlsl veshor-
teardilogrens in 25 of the 30 cames, :

; .
! As illustration, let uas comsider ihe history of
o 7 B



!

¢

)
¢
i

‘natiant M., 43 years old. Since the end of 1955 he had
lguffered with hypertension of the malignant type. He
jeopplalinsd of hesdashs, dull pein in the heart reglon, and
#light dvapnes. The blood pressures ranged fron 2RO LB
to 1B80/110 mm Hg. Percussion and X-ray studlees showed =
porked increase in the left ventricle.

FSG on December 10, 1957 (Figure 2s8) showed horyi-
'zontal position of the elsectriesl axls of the hoart (angle
alyhs = 4ons degree), left venbricular hypertrophy (8ve =
21 nm, Pys = 28 mm, S-T1,v5.6 slightly depressed), GRS =
= 0,1 second. :

Frocordinl vestorsardlogram (Figure 2s) showed the
GRE loop to be oriented horizontally (angle alphay = 420
@egr&ag}, posterioriy (toward the electrods located at
woint five? end infericrly. In projections IT snd ILI,
sre (8) wes high and shifted posteriorly. Area of pro-
jeetion III wag 10.2 s8g. om., msxioun veotbor egual to B4
mne  The QRS loop was unclosed only in prejectlon YTIT.
untation of the beam defining projections I and 1T was
counbercioekwise, and in projections 111, IV, end V was
clockwliee. Vestorcordiogram taken LY the cube method
(Figurs @8) showed aves of the QRS loop of 1.2 8G. OWe;
Tength of meximuws vector = 20 mm {upper limitas of normal).
Only the merked deviation of the QRS loop poasteriorly
{angle alphag = +142 degrees in the gagitial projeastion)
ané robatlion of the beam in the clockwiase dlraction indie
pated the presencs of left veniricular hypertrophy.

The pabient entered the clinie agaln elght monbis
ieher, tn serious condiilon and with overd manifesrbationsg
of revel insufficlency. Blood pressure vanged Troy
280/180 to 220/17%0 nm Hg. |

o

e o . - - 280 awq e . 1 Y . "
wod on Sugust 23, 1958 (Figure 2b) showed deviablon
af the elestrical axis of the heart somevhat to the left
. - - - o e » . g Y e s
{arzle sivha = «10 degress}; hypertrophy of the left
propowsasd (Sve = 25 ws, Rys = 43 mm, Ryg = I8 mum,
8T7.71%,V4,5,6 8lighily depressed ).

Precordial veahorcardiogram (Flgure 2b) showed the
GRS loop to be oriented more norizontally (angle alphay =
= 421 degrees) and mors posteriorly (toward the fifth

slestrods, e sesn in projectlon V). The are () {proe

wut

711} became more sloping end started of I lower

‘dlsease, KOG, and vectorcardlogram over a pericd of time 1in

. with mycecardial ischemls, had beoome WOVE |

* ‘ 1o

st 8 Lot i
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(whiehy as E. A. Xyardzhuntsevs points out, is seon with
Trogression of left ventricular hypertrophy). There was &
moried inerease in the ersa of the GRS loop {in projection
TILY be 1% agq. om. Tals was larger than in the vectowr-
jrry wam baken in 1957 (Fizure 2a) aud the slowlng of the
povenert of the besm in the ssoendivg 160D was nors warded.
The QR iloop was open in all projectlons. The T lovp in
211 projections was quite divergent from the GRB loop,.
Vactorcardicgranm taken by the cube method {Figure Qb%
ghowed inoveass in left ventricular hyperirophy. The &rea
of the GRS loop (1.9 s59. at. ) and its meximum vector
{25 ma) were puch increased as compared with the preceding
lwvectovsardiogean. The QRS 1oop wag uneloged and wag
srisnted avay from the T 1oob. ‘

The petlent dled Wovember 23, 1958, with memlfesba~
tions of inoreasing urseils and clrculatory fallure. .
IPathologie findinge showed a hesrd welght of 680 gm, thicke
ering of the well of the loft ventricle %o 25 mm snd of the
right ventricle to five mm. There was dilatetion of the
chenbers of ths heart. Micrescople studles showed mariked
wypertrophy of the muscle fibers and of their nuclel.
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Bernso, of the 30 patients in group II, 26 had
rospdicgrang which ghowed sufficient shengss for
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comfirnstion of the clinical oplnlion concerning the pre-
gances of left ventrieular hypertrophy. In the other four
copes, there wes alsc evidence of lolt venbricular hyper-
tyocha, bt bacaune of the ebsenss of-iperease. ln the area
of 4 G boop and in the paxizum vedtor we congidsrad the
wiew nobh fully eonvinelng. In the EUGR and dn the -
voctorsardiogren baken by the cube meihod, only 21 patlients
ned sdeguate changes Tor dlaguosias of left ventriculer

by psrbrophy . : ,

4 In snalysing the ECE and vectoreardlogrems of the 13
petlents in group I, we Asteoobed pesulisaritises imhersnt to
them. The FO3 of only thrse patiente showed e moderate
Aevinbion of the elsohricel axis of ths heart to the left,
. - and orly in four was, there horizontal position of the
et oebviont aris. vestorcardioprems taken by both methods
ghowad, in these cases, horizontal or inbermediate poaltion
cf the marimus vestor of the QRS loop; only in ons c&se Was
shove o moderabe deviabion of the arla to the left. Iun the
cther six patients, wa observed intermedlate position both
of the elesbtrical sxis of the EGG and of the maximum veelor
of the ORE loep. Devistion of ths QRE loop posteriorly
wan obsorved in elght of 13 presordlsl vectorcardiogrons,
and in three vestoveardiograms thers wie moderabs posterior
devintion of the maximum veelors, ag seen also in the
qormel. In vestorcardiogrems taken by the cube method, the
posherior devistion of the GRS loop was sean in elght op 12

EBGH . . !
‘ i
In mine pabientes of 12, are {(a] was large and P

shifted posteriorly. The aves of the Q4RI loop on the pres=
rdiel Testoreardiograne was inoreased in 8lx of 13

b es only in one case wos it less than the norosl

; o Vestorcardiograms taken by the cubs mebhod |

shownt fr inerease in the arex of the GRS loop only in ;

thiee patlenta. o

In s mmber of cases the firet sige of myoeavdiald
Avepnr 4n the left ventriels was elther devistion of
niE loops poestselorly or the prsssnse of &are {a}

ghractod pesteriorly. Bot in s mmber of patients, oven
1r, the asrly stesges of development of hypertrophy there

wag an Inoreass in ths eres of the QRE loop. In veobtor.
perdiogrames baken by the eube method, in the frontal plane
i mevew patiente of 12, i.6., less often than in patlenis

coF ogroun I bub nore afbar than noreel, thers was countors
3 P % - . s
cloeivire rotabion of the irseling beam. The QRE looy of

the peesordiel vectorasrdiogrenm was closed in 12 of 13

o
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..Vestoreardiogrem taken by the cube method showed the
QRS loop to be inereased (0.25 &q. em.) and the sagitital
lprojection to be deviated posteriorly (angle slphag = +111

depress ). :

Upow anglysis of the ECG and the vastovoardlograns
of patiente in group III, certaln peculiarities were noted
which were most likely assoclated with fibrosis of the
myocardinm. Most obvious was a marked shifl of the major-
11y of the vectors %o the left, The maximun vector of pro=-
jection I of the QRS loop was doviated 1o the left of zero
in seven patlents; in the other nine patients it was
stuated bebween zero and +12 degrees. Comsldsrably
further to the left was the electrical axls of the ECE,
¥hich in four patients was further left than «30 degraes
lend 1n flve was between zero and ~30 degress. In 15 of 16,
patients the QRS loop of the vectoreardiogran was deviated
posteriorly, more so than in patients in groups I sud Il.
Posteriorly shifted ares (a) of the GRS loops were detected
in ten patients, but were slanted and wers pitusted more
gistally. In eight patlents the QRS loops wers narrow,
end thors was often corosaing of the trace. ‘

Tha area of the QRS loop of the vectorcardlogram in
potienty of group III was less than iv petlente of group
YT, The ares of the largest QRS leop in group 11T wae 5.2
Iage cme Only in six of the 16 patlents was the GRS loop
'larger then normsel. Inorease in the maximum vector of the
Gre loop of the precordlal vectorcardlogram was ‘seen in
pine patients. The QRE loop was nnelosed in ten patlents. .
Thf T loop was discordant from the GRB loop in oight
patienta, , .

Gonelusione
(1) The basic vectorcardlographic sigrns characters
2evto of 2ll steges of development of myocardlal hyper-
trophy of the lefy ventrlcle are &s foliowss iunereass 1n
e sros of the GRS loop and in the length of its mariumun
sehor, orientation of the QRS posterlorly gnd elightly
ro the lefht op bhorizontally, and the presencs of arc {2},
vhifted postariorly, on the aecending curve af ths QRE
100p. For all perlods in the developmsnt of left ventrlous-
iar hypertrophy, except for the very eariiest, fallure of
t slosure of the GRE loop and dlscordance of the GRS and T
i loone ere chavacterlistic,

% (2} The vectorsardiogran, more frequently then the
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EOG, aids in dlagnosing hypertrophy of the left ventricle,
eapaclally in the early slages of its development. The
5v@ﬁ%ﬁwﬁarﬁiﬁgram‘1a'ea§able of providing & characterization
e the depre yiopmend of hypertrophy-and of the

inepesse in ailabtation of the heart shambel 8.

{3) The method of cholse, in our opinion, is the
pethod of preccrdial vectorcardliography, which ig more
senaitive 40 changes in the bulk of the pyocerdium than 1s

the eubs mebhod.

Bipliography.
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